CONTENTS
Sr.No

Title

Page
No.

1

Air quality and radiative forcing impacts of anthropogenic volatile
organic Compound emissions from ten world regions

1

2

Effect of major dust storm on optical, physical, and radiative
properties of aerosols over coastal and urban environments in
Western India

1

3

Laboratory simulation of spontaneous breakup of polluted water
drops in the horizontal electric field
Aerosol characteristics at a rural station in southern peninsular
India during CAIPEEX-IGOC: physical and chemical properties
High concentration of acidic species in rainwater at Varanasi in
the Indo-Gangetic Plains, India
Source-diagnostic dual-isotope composition and optical properties
of water-soluble organic carbon and elemental carbon in the
South Asian outflow intercepted over the Indian Ocean
Estimation of past atmospheric carbon dioxide levels using treering cellulose  13C
Sources and elemental composition of summer aerosols in the
Larsemann Hills (Antarctica)
Chemical composition of the inorganic fraction of cloud-water at a
high altitude station in West India
Chemical Composition of Snow-Water and Scavenging Ratios over
Costal Antarctica
Increased frequency of extreme Indian Ocean Dipole events due to
greenhouse warming
Deviations from the O3-NO-NO2 photo-stationary state in Delhi,
India
Seasonal prediction of distinct climate anomalies in summer 2010
over the tropical Indian Ocean and South Asia
Estimated crop yield losses due to surface ozone exposure and
economic damage in India
Possible evidence of new particle formation and its impact on cloud

2

4
5
6

7
8
9
10
11
12
13
14
15

3
4
5

6
7
7
8
9
10
10
11
12

16
17
18
19
20
21

22
23

24
25
26
27
28
29
30
31
32
33

microphysics from airborne measurements over Bay of Bengal
Physical properties of the arctic summer aerosol particles in relation
to sources at Ny-Alesund, Svalbard
Novel Technique for Profiling of Aerosol, Ozone and Water Vapor
during Winter Using Mobile Radiometers over a Hilltop Station
Sun-Sky Radiometer Synthesis of Interplay Between Aerosols and
Monsoon Activity Over Pune, India
Simulation of severe thunder storm event: a case study over Pune,
India
Ozone trends in the vertical structure of Upper Troposphere and
Lower stratosphere over the Indian monsoon region
Trends in Peroxyacetyl Nitrate (PAN) in the upper troposphere
and lower stratosphere over Southern Asia during the summer
monsoon season: regional impacts
Treeline dynamics with climate change at the central Nepal
Himalaya
The impact of revised simplified Arakawa–Schubert convection
parameterization scheme in CFSv2 on the simulation of the Indian
summer monsoon
Reductions in India’s crop yield due to ozone
Air–sea CO2 flux in the Pacific Ocean for the period 1990–2009
Estimation of the lifetime of nitrogen oxides over India using
SCIAMACHY observations
North Indian heavy rainfall event during June 2013: diagnostics and
extended range prediction
Observations of new particle formation at two distinct Indian
subcontinental urban locations
Water-soluble organic carbon aerosols during a full New Delhi
winter: Isotope-based source apportionment and optical properties
Long-term trends observed in the middle atmosphere temperatures
using ground based LIDARs and satellite borne measurements
Microphysics of clouds and rain over the Western Ghat
Assessing Hydrological Response to Changing Climate in the
Krishna Basin of India
Stable carbon isotopes in dissolved inorganic carbon: extraction and
implications for quantifying the contributions from silicate and
carbonate weathering in the Krishna River system during peak

13
14
14
15
16
17

17
18

19
20
21
22
23
24
24
25
26
26

34
35
36
37

38
39
40
41
42
43
44
45
46
47
48
49
50
51

discharge
Aerosol Optical Properties and Composition over a Table Top
Complex Mining Area in a Monsoon Trough Region
Trend analysis of evapotranspiration and its response to droughts
over India
Changes in western disturbances over the Western Himalayas in a
warming environment
Glyoxal observations in the global marine boundary layer

Reliability of regional and global climate models to simulate
precipitation extremes over India
Influence of tropical cyclone ‘AILA’ on atmospheric surface layer
turbulence and fluxes at Ranchi during its landfall
Effect of aerosols on evapo-transpiration
Characterization of aerosol optical properties over the high-altitude
station Hanle, in the trans-Himalayan region
Aerosol Modulation of Ultraviolet Radiation Dose over Four Metro
Cities in India
Observations of black carbon induced semi direct effect over
Northeast India
Measurements of carbon dioxide and heat fluxes during monsoon2011 season over rural site of India by eddy covariance technique
Planetary Boundary Layer and aerosol interactions over the Indian
sub-continent
Impact of Climate Change on the Characteristics of Indian Summer
Monsoon Onset
Effects of environmental conditions on inducing charge structures of
thunderstorms over Eastern India
Day and night variability of atmospheric organic and elemental
carbon during winter of 2011-12 in Agra, India
Sources and characteristics of carbonaceous aerosols at Agra
“World heritage site” and Delhi “capital city of India”
Double blanket effect caused by two layers of black carbon
aerosols escalates warming in the Brahmaputra River Valley
Unusual high values of aerosol optical depth evidenced in the
Arctic during summer 2011

27
28
29
30

30
31
32
33
33
34
35
35
36
37
37
38
39
40

52
53

54
55
56
57
58

59
60
61
62
63

64
65

66
67
68

Projected changes in climate over the Indus river basin using a
high resolution regional climate model (PRECIS)
Macroscale hydrological modelling approach for study of large scale
hydrologic impacts under climate change in Indian River basins

40

Impact of anthropogenic activity and cyclonic storm on black carbon
during winter at a tropical urban city, Pune
AIRS retrieved CO2 and its association with climatic parameters
over India during 2004–2011
On understanding the land–ocean CO2 contrast over the Bay of
Bengal: A case study during 2009 summer monsoon
The Curious Case of Indian Ocean Warming
Relationship between black carbon and associated optical, physical
and radiative properties of aerosols over two contrasting
environments
Characterization of carbonaceous aerosols over the urban tropical
location and a new approach to evaluate their climatic importance
Lidar profiling of aerosol scavenging parameters at a tropical
station, Pune, India
Critical Emissions from the Largest On-Road Transport Network in
South Asia
Inter-annual variability of aerosols and its relationship with regional
climate over Indian subcontinent
Characterisation of Atmospheric Aerosol by SEM-EDX and
IonChromatography Techniques for Eastern Indo-Gangetic Plain
Location, Varanasi, India
Radiative Impact of Fireworks at a Tropical Indian Location: A
Case Study
Climatic response of various tree ring parameters of fir (Abies
pindrow) from Chandanwadi in Jammu and Kashmir, western
Himalaya, India
Global warming and the weakening of the Asian summer monsoon
circulation: assessments from the CMIP5 models
Boundary layer aerosol characteristics at Mahabubnagar during
CAIPEEX-IGOC: Modeling the optical and radiative properties
Characterization of carbonaceous aerosols over Delhi in Ganga
basin: seasonal variability and possible sources

42

41

43
43
44
45

45
46
47
48
49

49
50

50
51
52

69
70
71
72
73
74
75
76
77
78

79
80

81
82
83
84
85
86

Variability in radiative properties of major aerosol types: A yearlong study over Delhi—An urban station in Indo-Gangetic Basin
Simultaneous measurements of black carbon and PM2.5, CO, and
NOx variability at a locally polluted urban location in India
Variability in atmospheric particulates and meteorological effects on
their mass concentrations over Delhi, India
Aerosol optical properties and their relationship with meteorological
parameters during wintertime in Delhi, India
Determination of wood burning and fossil fuel contribution of black
carbon at Delhi, India using aerosol light absorption technique
Impacts of the high loadings of primary and secondary aerosols on
light extinction at Delhi during wintertime
Anomalous features of mid-tropospheric CO2 during Indian summer
monsoon drought years
Influence of monsoons on atmospheric CO2 spatial variability and
ground-based monitoring over India
Impact of meteorological parameters on the development of fine and
coarse particles over Delhi
A global assessment of precipitation chemistry and deposition of
sulfur, nitrogen, sea salt, base cations, organic acids, acidity and
pH, and phosphorus
Optical exploration of biomass burning aerosols over a high-altitude
station by combining ground-based and satellite data
The linkages of anthropogenic emissions and meteorology in the
rapid increase of particulate matter at a foothill city in the Arawali
range of India
The Discoloration of the Taj Mahal due to Particulate Carbon and
Dust Deposition
Carbonaceous aerosols in a wood burning community in rural New
Zealand
Development of aerosol wind tunnel and its application for
evaluating the performance of ambient PM 10 inlets
Projected effect of 2000–2050 changes in climate and emissions
on aerosol levels in China and associated transboundary transport
Aerosol indirect effect on warm clouds over South-East Atlantic,
from co-located MODIS and CALIPSO observations
Impact of the dropping activity with vehicle age on air pollutant

53
53
54
55
57
58
59
59
60
61

62
63

63
64
65
66
67
68

87
88

89
90
91
92

93
94
95
96

97
98
99

100
101
102
103

emissions
Wintertime aerosol chemical composition and source apportionment
of the organic fraction in the metropolitan area of Paris
Air pollution and associated human mortality: the role of air
pollutant emissions, climate change and methane concentration
increases from the preindustrial period to present
Factors determining the formation of secondary inorganic aerosol: a
case study in the Po Valley (Italy)
Global premature mortality due to anthropogenic outdoor air pollution
and the contribution of past climate change
The relative importance of impacts from climate change vs.
emissions change on air pollution levels in the 21st century
Emissions of air pollutants and greenhouse gases over Asian
regions during 2000–2008: Regional Emission inventory in ASia
(REAS) version 2
Recent climate and air pollution impacts on Indian agriculture
Greenhouse Gas Policy Influences Climate via Direct Effects of
Land-Use Change
CCN activity of organic aerosols observed downwind of urban
emissions during CARES
Long-term measurements of aerosol and carbon monoxide at the
ZOTTO tall tower to characterize polluted and pristine air in the
Siberian taiga
Biogenic and biomass burning organic aerosol in a boreal forest at
Hyytiälä, Finland, during HUMPPA-COPEC 2010
Aerosol and precipitation chemistry in the southwestern United
States: spatiotemporal trends and interrelationships
Climate response due to carbonaceous aerosols and aerosolinduced SST effects in NCAR community atmospheric model
CAM3.5
A Study of Smog Issues and PM2.5 Pollutant Control Strategies in
China
Status and Monitoring of Ambient Air Quality of ‛Cityof Lakes’
Udaipur, (Raj.) India
Vehicular Growth and Air Quality at Major Traffic Intersection Points
in Kolkata City: An Efficient Intervention Strategies
Recent trends in tropospheric NO 2 over India observed by

69
70

71
72
72
73

74
75
76
77

78
79
80

81
82
82
83

104
105
106
107
108
109
110
111
112
113
114
115

116
117
118
119
120

SCIAMACHY: Identification of hot spots
Assessment of Acid Deposition Effects on Water Quality of the
Upper Rio Grande River Section in Texas
Carbonaceous aerosols in a wood burning community in rural New
Zealand
Development of aerosol wind tunnel and its application for
evaluating the performance of ambient PM 10 inlets
Projected effect of 2000–2050 changes in climate and emissions
on aerosol levels in China and associated transboundary transport
Aerosol indirect effect on warm clouds over South-East Atlantic,
from co-located MODIS and CALIPSO observations
The effect of coal-fired power-plant SO2 and NOx control
technologies on aerosol nucleation in the source plumes
Impact of the dropping activity with vehicle age on air pollutant
emissions
Wintertime aerosol chemical composition and source apportionment
of the organic fraction in the metropolitan area of Paris
Influence of traffic exhausts on elements and polycyclic aromatic
hydrocarbons in leaves of medicinal plant Broussonetia papyrifera
Analysis of temporal and spatial variability of total column ozone
over West Africa using daily TOMS measurements
A ten–year source apportionment study of ambient fine particulate
matter in San Jose, California
Assessment of contribution to PM10 concentrations from long range
transport of pollutants using WRF/Chem over a subtropical urban
airshed
Characteristics of visibility and particulate matter (PM) in an urban
area of Northeast China
Benzo(a)pyrene air concentrations and emission inventory in
Lombardy region, Italy
Urban ambient air quality investigation and health risk assessment
during haze and non–haze periods in Shanghai, China
Surface ozone variations at a rural area in the northeast of the
Iberian Peninsula
Dispersion model evaluation of PM2.5, NOX and SO2 from point
and major line sources in Nova Scotia, Canada using AERMOD
Gaussian plume air dispersion model

84
85
85
86
87
88
90
90
91
92
93
93

94
95
96
96
97

121
122
123
124
125
126

127
128
129

130
131
132

133
134

135
136
137

Retrieval of PM10 Concentration from an AOT Passive RemoteSensing Station between 2003 and 2007 over Northern France
Measurement of Volcanic SO2 Concentration in Miyakejima Using
Differential Optical Absorption Spectroscopy (DOAS)
Physical–chemical characterisation of the particulate matter inside
two road tunnels in the São Paulo Metropolitan Area101
Biogenic and biomass burning organic aerosol in a boreal forest at
Hyytiälä, Finland, during HUMPPA-COPEC 2010
Black carbon over the South China Sea and in various continental
locations in South China
Long-term measurements of aerosol and carbon monoxide at the
ZOTTO tall tower to characterize polluted and pristine air in the
Siberian taiga
Vertical profiling of aerosol particles and trace gases over the
central Arctic Ocean during summer
In situ detection of electrified aerosols in the upper troposphere and
stratosphere
Impact of the North Atlantic Oscillation on European aerosol ground
levels through local processes: a seasonal model-based assessment
using fixed anthropogenic emissions
Linking biogenic hydrocarbons to biogenic aerosol in the Borneo
rainforest
Biogenic VOC oxidation and organic aerosol formation in an urban
nocturnal boundary layer: aircraft vertical profiles in Houston, TX
Dry deposition of nitrogen compounds (NO2, HNO3, NH3), sulfur
dioxide and ozone in west and central African ecosystems using
the inferential method
A global ozone climatology from ozone soundings via trajectory
mapping: a stratospheric perspective
Secondary organic aerosol formation and primary organic aerosol
oxidation from biomass-burning smoke in a flow reactor during
FLAME-3
High levels of ultraviolet radiation observed by ground-based
instruments below the 2011 Arctic ozone hole
Research on aerosol sources and chemical composition: Past,
current and emerging issues
The variability of methane, nitrous oxide and sulfur hexafluoride in

98
99
100
101
103
103

105
106
106

107
108
109

110
111

112
113
113

138
139
140
141
142

143

144
145
146

147
148

149
150
151

152

Northeast India
Observational studies of the meteorological characteristics associated
with poor air quality over the Pearl River Delta in China
A comparative study on the ultrafine particle episodes induced by
vehicle exhaust: A crude oil refinery and ship emissions
Characterization of organic aerosol produced during pulverized coal
combustion in a drop tube furnace
High concentration episodes of PM10 in the air over the urbanized
coastal zone of the Baltic Sea (Gdynia — Poland)
Emissions of air pollutants and greenhouse gases over Asian
regions during 2000–2008: Regional Emission inventory in ASia
(REAS) version 2
Characterization, concentrations and emission rates of polycyclic
aromatic hydrocarbons in the exhaust emissions from in-service
vehicles in Damascus

The simulations of sulfuric acid concentration and new particle
formation in an urban atmosphere in China
Analysis of a long-lasting haze episode in Nanjing, China
Chemical characteristics and source apportionment of fine particulate
organic carbon in Hong Kong during high particulate matter
episodes in winter 2003
Effect of non-spherical dust aerosol on its direct radiative forcing
Aerosol physical and chemical properties retrieved from groundbased remote sensing measurements during heavy haze days in
Beijing winter
Composition and sources of organic tracers in aerosol particles of
industrial central India
Particle number concentrations over Europe in 2030: the role of
emissions and new particle formation
Contributions of biomass/biofuel burning to organic aerosols and
particulate matter in Tanzania, East Africa, based on analyses of
ionic species, organic and elemental carbon, levoglucosan and
mannosan
Sulfur dioxide (SO2) as observed by MIPAS/Envisat: temporal
development and spatial distribution at 15–45 km altitude

114
115
116
116
117

118

119
120
120

121
122

123
124
125

126

153

154
155
156

157
158
159

160

161

162

163
164

165
166
167
168

Assimilation of Doppler Weather Radar Radial Velocity and
Reﬂectivity Observations in WRF-3DVAR System for Short-Range
Forecasting of Convective Storms
The effect of coal-fired power-plant SO2 and NOx control
technologies on aerosol nucleation in the source plumes
Vertical transport of pollutants by shallow cumuli from large eddy
simulations
Impact of 2000–2050 climate change on fine particulate matter
(PM2.5) air quality inferred from a multi-model analysis of
meteorological modes
Impact of mineral dust on cloud formation in a Saharan outflow
region
Airborne observations of aerosol microphysical properties and particle
ageing processes in the troposphere above Europe
Distributions and climate effects of atmospheric aerosols from the
preindustrial era to 2100 along Representative Concentration
Pathways (RCPs) simulated using the global aerosol model
SPRINTARS
Impact of anthropogenic emission on air quality over a megacity –
revealed from an intensive atmospheric campaign during the
Chinese Spring Festival
Impact of anthropogenic emission on air quality over a megacity –
revealed from an intensive atmospheric campaign during the
Chinese Spring Festival
On the diurnal cycle of urban aerosols, black carbon and the
occurrence of new particle formation events in springtime São
Paulo, Brazil
Satellite contributions to the quantitative characterization of biomass
burning for climate modeling
Automated ground-based remote sensing measurements of
greenhouse gases at the Białystok site in comparison with
collocated in situ measurements and model data
Determinants and predictability of global wildfire emissions
Recent climate change in the Arabian Peninsula: Seasonal rainfall
and temperature climatology of Saudi Arabia for 1979–2009
Comparative assessment of ecotoxicity of urban aerosol
Chemical composition of rainwater in a karstic agricultural area,

127

128
130
130

131
132
132

133

134

135

136
137

138
139
139
140

169
170
171

172
173
174
175

176
177
178
179
180

181
182
183

184
185

Southwest China: The impact of urbanization
Evaluation of two isoprene emission models for use in a longrange air pollution model
Peroxy radical chemistry and OH radical production during the
NO3-initiated oxidation of isoprene
Trends and variations in CO, C2H6, and HCN in the Southern
Hemisphere point to the declining anthropogenic emissions of CO
and C2H6
Global emission estimates and radiative impact of C4F10, C5F12,
C6F14, C7F16 and C8F18
Effects of business-as-usual anthropogenic emissions on air quality
Organic and elemental carbon aerosols at a suburban site
Record-breaking ozone loss in the Arctic winter 2010/2011:
comparison with 1996/1997

Organic nitrogen deposition in precipitation in metropolitan
Guangzhou city of southern China
Impact of clustered meteorological parameters on air pollutants
concentrations in the region of Annaba, Algeria
Evaluating the influences of biomass burning during 2006 BASEASIA: a regional chemical transport modeling
Seasonal variation in vertical volatile compounds air concentrations
within a remote hemiboreal mixed forest
Comparative evaluation of the impact of WRF/NMM and
WRF/ARW meteorology on CMAQ simulations for PM2.5 and its
related precursors during the 2006 TexAQS/GoMACCS study
Characteristics of atmospheric carbonyls during haze days in Beijing,
China
Urban organic aerosols measured by single particle mass
spectrometry in the megacity of London
Characterization of organic aerosol in fine particles in a mega-city
of South China: Molecular composition, seasonal variation, and size
distribution
Direct N2O5 reactivity measurements at a polluted coastal site
Tropospheric ozone and aerosol long-term trends over the IndoGangetic Plain (IGP), India

141
142
143

144
145
146
147

148
149
149
150
151

152
153
154

155
156

186

187
188
189
190
191
192
193
194
195
196

197
198

199
200

201
202
203

Meteorological modes of variability for fine particulate matter
(PM2.5) air quality in the United States: implications for PM2.5
sensitivity to climate change
Tropospheric temperature inversion over central China
Analysis of aerosol characteristics and their relationships with
meteorological parameters over Anhui province in China
Argo observations of barrier layer in the tropical Indian Ocean
Surface ozone scenario at Pune and Delhi during the decade of
1990s
Seasonal factors influencing in chemical composition of total
suspended particles at Pune, India
Is a global warming signature emerging in the tropical Pacific?
The influence of a south Asian dust storm on aerosol radiative
forcing at a high-altitude station in central Himalayas
Recent changes in the circulation parameters and their association
with Indian summe rmonsoon rainfall
A Prediction of sub-seasonality of Indian monsoon through kinetic
energy of wave zero
Inter-comparison of 11-year solar cycle response in mesospheric
ozone and temperature obtained by HALOE satellite data and
HAMMONIA model
Atmospheric wet and dry depositions of ions over an urban location
in South-West India
Pacific coral oxygen isotope and the tropospheric temperature
gradient over the Asian monsoon region: a tool to reconstruct
past Indian summer monsoon rainfall
Spring asymmetric mode in the tropical Indian Ocean: role of El
Nin˜o and IOD
Outstanding rainfall events of boreal fall monsoon season of
southern peninsular India associated with the Intensification of
Negative Indian Ocean Dipole
Anomalous low tropospheric column ozone over Eastern India
during the severe drought event of monsoon 2002: a case study
Estimation of aerosol size distribution from ion mobility spectra
using the KL model
The ion–aerosol interactions from the ion mobility and aerosol
particle size distribution measurements on January 17 and February

156

157
158
159
159
160
161
161
162
163
163

164
165

165
166

167
168
169

204
205
206
207
208

209
210

211

212
213
214
215
216
217
218

219
220

18, 2005 at Maitri, Antarctica – A case study
Variation of total column ozone along the monsoon through region
over north India
Winter aerosol and trace gas characteristics over a high-altitude
station in the Western Ghats, India
Characterization of aerosols and pre-cursor gases over Maitri
during 24th Indian Antarctica Expedition
Natural reduction of CO2 observed in the pre-monsoon period at
the coastal station, Goa
A possible new mechanism for northward propagation of boreal
summer intraseasonal oscillations based on TRMM and MERRA
reanalysis
Evidence of seasonal enhancement of CO in the upper
troposphere over India
Observation-based 3-D view of aerosol radiative properties over
Indian Continental Tropical Convergence Zone: implications to
regional climate
Contribution of anthropogenic aerosols in direct radiative forcing
and atmospheric heating rate over Delhi in the Indo-Gangetic
Basin
Regional CO pollution over the Indian-subcontinent and various
transport pathways as observed by MOPITT
Pre-monsoon aerosol characteristics over the Indo-Gangetic Basin:
implications to climatic impact
Carbonaceous species in PM2.5 at a pair of rural/urban sites in
Beijing, 2005–2008
Anthropogenic sulfur dioxide emissions: 1850–2005
Characterization of PM2.5-bound nitrated and oxygenated PAHs in
two industrial sites of South China
Spatial distributions and seasonal cycles of aerosols in India and
China seen in global climate-aerosol model
Characterisation of individual aerosol particles collected during a
haze episode in Incheon, Korea using the quantitative ED-EPMA
technique
Characteristics, seasonality and sources of carbonaceous and ionic
components in the tropical aerosols from Indian region
Ozone production in remote oceanic and industrial areas derived

170
170
171
172
173

173
174

175

176
176
177
178
179
180
180

181
182

221

222

223

224
225
226

227
228
229
230

231
232
233
234
235
236

from ship based measurements of peroxy radicals during TexAQS
2006
Characterization of submicron aerosols at a rural site in Pearl River
Delta of China using an Aerodyne High-Resolution Aerosol Mass
Spectrometer
Free tropospheric peroxyacetyl nitrate (PAN) and ozone at Mount
Bachelor: potential causes of variability and timescale for trend
detection
Atmospheric impacts of the 2010 Russian wildfires: integrating
modelling and measurements of an extreme air pollution episode in
the Moscow region
Sources of carbonaceous aerosol in the Amazon basin
Condensational uptake of semivolatile organic compounds in gasoline
engine exhaust onto pre-existing inorganic particles
Evaluation of source–receptor relationship for atmospheric pollutants
using approaches of trajectory modelling, cluster, probability fields
analyses and adjoint equations
Forecasting of air quality in Delhi using principal component
regression technique
Airborne asbestos fibres and mesothelioma in the last 20 years in
Egypt: a review
Assessment of acid deposition over Dhaka division using CAMx–
MM5 modeling system
Impacts of future climate change and effects of biogenic emissions
on surface ozone and particulate matter concentrations in the
United States
Emissions of isoprenoids and oxygenated biogenic volatile organic
compounds from a New England mixed forest
Source apportionment of particulate organic compounds in a rural
area of Spain by positive matrix factorization
Chemical composition of fine particles in Mexico City during 2003–
2004
Preliminary mercury emission estimates from non–ferrous metal
smelting in India
Morbidity costs associated with ambient air pollution exposure in
Sao Paulo, Brazil
Monitoring the transport of biomass burning emission in South

183

184

185

186
187
188

188
189
190
191

192
193
194
194
195
196

237
238
239
240
241
242
243
244

245
246
247
248
249
250
251

252

253

America
High–resolution pollutant transport in the San Pedro Bay of
California
Indoor exploratory analysis of gaseous pollutants and respirable
particulate matter at residential homes of Delhi, India
Seasonal and diurnal variations of atmospheric PAH concentrations
between rural, suburban and urban areas
Impact of CNG on emissions of PAHs and PCDDs/Fs from throad
transport in Delhi
Anomalous low tropospheric column ozone over Eastern India
during the severe drought event of monsoon 2002: a case study
Below-cloud rain scavenging of atmospheric aerosols for aerosol
deposition models
Estimation of aerosol size distribution from ion mobility spectra
using the KL model
The ion–aerosol interactions from the ion mobility and aerosol
particle size distribution measurements on January 17 and February
18, 2005 at Maitri, Antarctica – A case study
Source apportionment of arsenic in atmospheric dust fall out in
an urban residential area, Raipur, Central India
Variation of total column ozone along the monsoon through region
over north India
Winter aerosol and trace gas characteristics over a high-altitude
station in the Western Ghats, India
Seasonal characteristics of black carbon aerosols over a high
altitude station in Southwest India
Volatile properties of atmospheric aerosols during nucleation events
at Pune, India
Tropospheric ozone variability over the Indian coastline and
adjacent land and sea
Observation-based 3-D view of aerosol radiative properties over
Indian Continental Tropical Convergence Zone: implications to
regional climate
Contribution of anthropogenic aerosols in direct radiative forcing
and atmospheric heating rate over Delhi in the Indo-Gangetic
Basin
Unusual diurnal variation in surface ozone observed after the 26

196
197
198
199
200
200
201
202

203
203
204
205
206
206
207

208

208

254
255
256
257
258
259
260
261
262
263
264
265

266
267
268
269

270
271

December 2004 tsunami over the rural site of Bay of Bengal,
India
High ozone at coastal sites in India
Visibility degradation during foggy period due to anthropogenic urban
aerosol at Delhi, India
Size distribution of atmospheric aerosols at Maitri, Antarctica
On the contribution of black carbon to the composite aerosol
radiative forcing over an urban environment
Aerosol indirect effect during successive contrasting monsoon
seasons over Indian subcontinent using MODIS data
Aerosol Chemistry over a High Altitude Station at Northeastern
Himalayas, India
Fate of ammonia emissions at the local to regional scale as
simulated by the Community Multiscale Air Quality model
A Multi-pollutant, risk-based approach to air quality management:
Case study for Detroit
Prediction of PM10 concentrations through multi-gene genetic
programming
Quantifying pollution inflow and outflow over East Asia in spring
with regional and global models
Chemical characterisation of iron in dust and biomass burning
aerosols during AMMA-SOP0/DABEX: implication for iron solubility
How can aerosols affect the Asian summer monsoon? Assessment
during three consecutive pre-monsoon seasons from CALIPSO
satellite data
Characterization of aerosol black carbon over a tropical semi-arid
region of Anantapur, India
Modal characteristics of carbonaceous aerosol size distribution in an
urban atmosphere of South China
Influence of local sources on rainwater chemistry over Pune region,
India
Local air pollution and long–range mass transport of atmospheric
particulate matter: A comparative study of the temporal evolution of
the aerosol size fractions
Effect of Stratospheric Ozone in UVB Solar Radiation Reaching the
Earth's Surface at Qena, Egypt
Analysis and interpretation of particulate matter-PM10, PM2.5 and

209
210
210
211
212
213
214
214
215
216
217
218

219
219
220
221

221
222

272
273
274
275
276
277
278
279

280

281
282
283
284
285
286

287
288

PM1 emissions from the heterogeneous traffic near an urban
roadway
Quantification of PM2.5 organic carbon sampling artifacts in US
networks
Measurements of volatile organic compounds over West Africa
Spatial distribution and interannual variation of surface PM10
concentrations over eighty-six Chinese cities
A GIS based anthropogenic PM10 emission inventory for Greece
Uncertainty in modelling PM10 and PM2.5 at a non-signalized
traffic roundabout
Determination of arsenic and mercury metals in suspended
particulate matter by flame/flameless atomic absorption spectrometer
Workplace atmospheric asbestos levels in different plants
manufacturing asbestos-cement roofing sheets in India
Evidence of high PM2.5 strong acidity in ammonia-rich atmosphere
of Guangzhou, China: Transition in pathways of ambient ammonia
to form aerosol ammonium at [NH4+]/[SO42–] = 1.5
A Classical-Theory-Based Parameterization of Heterogeneous Ice
Nucleation by Mineral Dust, Soot, and Biological Particles in a
Global Climate Model
Total column density variations of ozone (O3) in presence of
different types of clouds
Long-term trends and variability in measured multi-spectral aeroso
optical depth over a tropical urban station in India
Heterogeneity in pre-monsoon aerosol types over the Arabian Sea
deduced from ship-borne measurements of spectral AODs
Pre-monsoon aerosol optical properties and spatial distribution over
the Arabian Sea during 2006
Absorbing aerosols facilitate transition of Indian monsoon breaks to
active spells
Source characterization for aerosol constituents and changing roles
of calcium and ammonium aerosols in the neutralization of aerosol
acidity at a semi-urban site in SW India
Atmospheric aerosol formation and its growth during the cold
season in India
Tropospheric ozone (TOR) trend over three major inland Indian
cities: Delhi, Hyderabad and Bangalore

223
224
224
225
226
227
227
228

229

230
231
232
233
233
234

235
236

289
290
291
292
293
294
295
296
297

298
299
300
301
302
303
304
305
306
307

308
309

Air pollution effect of O3 on crop yield in rural India
International Journal of Remote Sensing Vol. 31, No. 9, 10 May
2010, 2257–2264
Solar cycle variability in middle atmospheric ozone over tropics
Seasonal stratospheric intrusion of ozone in the upper troposphere
over India
Black carbon aerosols and the third polar ice cap
Variation of ambient SO2 over Delhi
A Rain-Induced Soil NOX Emission From India During the Onset
Global distribution of tropospheric ozone and its precursors: a view
from space
Concentrations and size distributions of aerosol particles at Maitri
during the passage of cyclonic storms revolving around the
continent of Antarctica
Changes in concentration and size distribution of aerosols during
fog over the south Indian Ocean
Scavenging of atmospheric ions and aerosols by drifting snow in
Antarctica
Chemical characterization of water-soluble aerosols in different
residential environments of semi arid region of India
Aerosol effects in the UV-B spectral region over Pune, an urban
site in India
Climate change impacts on crop yield, crop water productivity
and food security – A review
Spatio-temporal aerosol optical characteristics over the Arabian Sea
during the pre monsoon season
Acidity of raindrop by uptake of gases and aerosol pollutants
On the variation of the tropospheric ozone over Indian region in
relation to the meteorological parameters
Recent extremes in total ozone content over the northern parts
of India in view of the Montreal Protocol
Identification of aerosol type over the Arabian Sea in the
premonsoon season during the Integrated Campaign for Aerosols,
Gases and Radiation Budget (ICARB)
Brown Clouds over South Asia: Biomass or Fossil Fuel
Combustion?
Spatio-Temporal Variations in Aerosol Properties Over the Deccan

236
237
237
238
238
239
240
240
241

242
243
243
244
244
245
246
247
247
248

249
249

310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328

329

Generation and growth of aerosols over Pune, India
On some aspects of tropospheric ozone variability over the IndoGangetic (IG) basin, India
Study of successive contrasting monsoons (2001–2002) in
terms of aerosol variability over a tropical station Pune, India
Surface ozone variability over western Maharashtra, India
Extremes in total ozone content over northern India
Exposure-plant response of ambient ozone over the tropical
Indian region
Aerosol effect on cloud droplet size as monitored from surfacebased remote sensing over East China Sea region
Quasi-biennial oscillation in ozone and temperature over tropics
A Spatial distribution of aerosol black carbon over India during
pre-monsoon season
Satellite derived trends in NO2 over the major global hotspot
regions during the past decade and their inter-comparison
Black carbon and chemical characteristics of PM10 and PM2.5 at
an urban site of North India
The concentration and number size distribution measurements of
the Marine Boundary Layer aerosols over the Indian Ocean
Atmospheric CO2 study over India: modeling and observations
perspective
Secondary organic aerosol formation from m-xylene, toluene, and
benzene
Formation and characteristics of ions and charged aerosol particles
in a native Australian Eucalypt forest
Assessment of the Impact Produced by the Traffic Source on VOC
Level in the Urban Area of Canosa di Puglia (Italy)
Impact of climate change on tropospheric ozone and its global
budgets
VOC reactivity in central California: comparing an air quality model
to ground-based measurements
Atmospheric Impacts due to Anthropogenic Activities in Remote
Areas: The Case Study of Admiralty Bay/King George
Island/Antarctic Peninsula
Seasonal Differences in Atmospheric Nitrous Acid near
Mediterranean Urban Areas

250
251
251
252
252
253
254
254
255
256
257
257
258
260
260
261
262
263
264

265

330
331

332
333
334
335
336
337

338
339

340
341
342
343
344
345
346
347

Emissions of Greenhouse Gases CH4 and N2O from Low-gradient
Streams in Agriculturally Developed Catchments
Inorganic Pollution in PM10 Particles Collected Over Three French
Sites Under Various Influences: Rural Conditions, Traffic and
Industry
Simple measures of ozone depletion in the polar stratosphere
Simple measures of ozone depletion in the polar stratosphere
Changes in aerosol properties during spring-summer period in the
Arctic troposphere
The relationship between tropospheric wave forcing and tropical
lower stratospheric water vapor
Carbon Monoxide in Ouagadougou, Burkina Faso – A Comparison
between Urban Background, Roadside and In-traffic Measurements
Air pollution impact assessment on agroecosystem and human
health characterisation in the area surrounding the industrial
settlement of Milazzo (Italy): a multidisciplinary approach
Investigating the impacts of some meteorological parameters on air
pollution in Balikesir, Turkey
Atmospheric concentrations of nitric acid, sulfur dioxide, particulate
nitrate and particulate sulfate, and estimation of their dry deposition
on the urban- and mountain-facing sides of Mt. Gokurakuji,
Western Japan
The response of surface ozone to climate change over the Eastern
United States
A case of extreme particulate matter concentrations over Central
Europe caused by dust emitted over the southern Ukraine
Visibility impairing aerosols in the urban atmosphere of Delhi
Summer time haze characteristics of the urban atmosphere of
Gwangju and the rural atmosphere of Anmyon, Korea
Carbon storage and emissions offset potential in an African dry
forest, the Arabuko-Sokoke Forest, Kenya
Particle size distribution of aerosols and associated heavy metals in
kitchen environments
An improvement on the dust emission scheme in the global
aerosol-climate model ECHAM5-HAM
A global emission inventory of carbonaceous aerosol from historic
records of fossil fuel and biofuel consumption for the period 1860–

265
266

267
268
268
269
270
270

271
272

273
274
275
275
276
277
278
278

348
349

350
351
352
353

354
355
356
357
358
359
360
361
362
363
364

1997
Ambiental dust speciation and metal content variation in TSP, PM10
and PM2.5 in urban atmospheric air of Harare (Zimbabwe)
An assessment of the chemical composition of precipitation and
throughfall in rural-industrial gradient in wet subtropics (southern
Brazil)
Continuous and filter-based measurements of PM2.5 nitrate and
sulfate at the Fresno Supersite
Influence of indoor air quality (IAQ) objectives on air-conditioned
offices in Hong Kong
Characterization of fine aerosol and its inorganic components at two
rural locations in New York State
Is PM10 mass measurement a reliable index for air quality
assessment? An environmental study in a geographical area of
north-eastern Italy
Impacts of climate warming on vegetation in Qaidam Area from
1990 to 2003
Aerosol distribution over Europe: a model evaluation study with
detailed aerosol microphysics
High resolution vertical distributions of NO3 and N2O5 through the
nocturnal boundary layer
Thousehold Air Pollution from Coal and Biomass Fuels in China:
Measurements, Health Impacts, and Interventions
Evidence for a CO increase in the SH during the 20th century
based on firn air samples from Berkner Island, Antarctica
On the variability of the Ring effect in the near ultraviolet:
understanding the role of aerosols and multiple scattering
Seasonal variation of PM10 main constituents in two valleys of the
French Alps. I: EC/OC fractions
Assessing the Science-Based Information Needs of Stakeholders: A
Case Study on Acid Rain Research and Policy
Impacts of Air Pollution and Climate Change on Forest Ecosystems
— Emerging Research Needs
The influence of African air pollution on regional and global
tropospheric ozone
Key Studies on Air Pollution and Climate Change Impacts on
Forests: An Introduction

279
280

280
281
282
283

284
284
285
286
286
287
288
288
289
289
290

365
366
367
368

369
370
371
372
373

374
375

376
377
378
379
380
381
382
383

Detecting charging state of ultra-fine particles: instrumental
development and ambient measurements
Source apportionment of submicron organic aerosols at an urban
site by factor analytical modelling of aerosol mass spectra
Global impact of road traffic emissions on tropospheric ozone
Connections between atmospheric sulphuric acid and new particle
formation during QUEST III–IV campaigns in Heidelberg and
Hyytiälä
Observations of total peroxy nitrates and aldehydes: measurement
interpretation and inference of OH radical concentrations
Secondary aerosol formation from atmospheric reactions of aliphatic
amines
Air quality in North America's most populous city – overview of the
MCMA-2003 campaign
Latitudinal aerosol size distribution variation in the Eastern Atlantic
Ocean measured aboard the FS-Polarstern
The direct effect of aerosols on solar radiation based on satellite
observations, reanalysis datasets, and spectral aerosol optical
properties from Global Aerosol Data Set (GADS)
Effective UV surface albedo of seasonally snow-covered lands
Retrieval of aerosol complex refractive index from a synergy
between lidar, sunphotometer and in situ measurements during
LISAIR experiment
Assessing Climate Change Impacts: Agriculture
A modeling analysis of a heavy air pollution episode occurred in
Beijing
Reformulating atmospheric aerosol thermodynamics and hygroscopic
growth into fog, haze and clouds
A Spatial Assessment of Air Pollution Impact of a Highway Project
Using GIS
Physical and optical aerosol properties at the Dutch North Sea
coast based on AERONET observations
Health and Air Pollution in New Zealand
Secondary organic aerosol formation from m-xylene, toluene, and
benzene
Observations of extremely low tropopause temperature over the
Indian tropical region during monsoon and postmonsoon months:

291
292
293
293

295
295
296
297
297

298
299

300
300
301
302
303
303
304
305

384
385

386
387
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403

Possible implications
Estimates of global biomass burning emissions for reactive
greenhouse gases (CO, NMHCs, and NOx) and CO2
Time-dependent inversion estimates of global biomass-burning CO
emissions using Measurement of Pollution in the Troposphere
(MOPITT) measurements
Carbon emissions from a temperate peat fire and its relevance to
interannual variability of trace atmospheric greenhouse gases
Relaxing the well-mixed greenhouse gas approximation in climate
simulations: Consequences for stratospheric climate
Multimodel ensemble simulations of present-day and near-future
tropospheric ozone
The concentration and number size distribution measurements of
the Marine Boundary Layer aerosols over the Indian Ocean
A preliminary assessment of major air pollutants in the city of
Suzhou, China
Inventory of black carbon and organic carbon emissions from China
Validation of Polar Ozone and Aerosol Measurement (POAM) III
version 4 stratospheric water vapor
PM2.5 chemical composition and spatiotemporal variability during
the California Regional PM10/PM2.5 Air Quality Study (CRPAQS)
Global observed changes in daily climate extremes of temperature
and precipitation
Comparison of oil and fuel particle chemical signatures with particle
emissions from heavy and light duty vehicles
Satellite remote sensing of particulate matter and air quality
assessment over global cities
Observations of Asian air pollution in the free troposphere at
Mount Bachelor Observatory during the spring of 2004
A high-resolution NOx emission factor model for North American
motor vehicles
Influence of relative humidity upon pollution and dust during ACEAsia: Size distributions and implications for optical properties
Ozone, water vapor, and temperature in the upper tropical
troposphere: Variations over a decade of MOZAIC measurements
Aromatic hydrocarbons emissions in diesel and biodiesel exhaust
Chemical ozone loss and related processes in the Antarctic

306
306

307
308
309
310
311
311
312
313
313
315
315
316
317
318
318
319
320

404

405
406

407
408
409
410

winter 2003 based on Improved Limb Atmospheric Spectrometer
(ILAS)–II observations
On the origin of surface ozone and reactive nitrogen observed at
a remote mountain site in the northeastern Qinghai-Tibetan
Plateau, western China
Global impact of road traffic on atmospheric chemical composition
and on ozone climate forcing
Long-term evolution of upper stratospheric ozone at selected
stations of the Network for the Detection of Stratospheric Change
(NDSC)
Dynamics of the sulphate aerosol size distribution on a global
scale
Bottom-up estimate of biomass burning in mainland China
Estimation of atmospheric methane emissions between 1996 and
2001 using a three-dimensional global chemical transport model
Modeling of episodic particulate matter events using a 3-D air
quality model with fine grid: Applications to a pair of cities in the
US/Mexico border

321

322
323

324
324
325
326

Air quality and radiative forcing impacts of anthropogenic volatile
organic Compound emissions from ten world regions
M. M. Fry, M. D. Schwarzkopf, Z. Adelman, J. J. West
Source: Atmos. Chem. Phys., 14, 523-535, doi: 10.5194/acp-14-523-2014, 2014.
Non-methane volatile organic compounds (NMVOCs) influence air quality and global
climate change through their effects on secondary air pollutants and climate forcers.
Here we simulate the air quality and radiative forcing (RF) impacts of changes in
ozone, methane, and sulfate from halving anthropogenic NMVOC emissions globally and
from 10 regions individually, using a global chemical transport model and a standalone
radiative transfer model. Halving global NMVOC emissions decreases global annual
average tropospheric methane and ozone by 36.6 ppbv and 3.3 Tg, respectively, and
surface ozone by 0.67 ppbv. All regional reductions slow the production of peroxyacetyl
nitrate (PAN), resulting in regional to intercontinental PAN decreases and regional NOx
increases. These NOx increases drive tropospheric ozone increases nearby or downwind
of source regions in the Southern Hemisphere (South America, Southeast Asia, Africa,
and Australia). Some regions' NMVOC emissions contribute importantly to air pollution
in other regions, such as East Asia, the Middle East, and Europe, whose impact on
US surface ozone is 43%, 34%, and 34% of North America's impact. Global and
regional NMVOC reductions produce widespread negative net RFs (cooling) across
both hemispheres from tropospheric ozone and methane decreases, and regional
warming and cooling from changes in tropospheric ozone and sulfate (via several
oxidation pathways). The 100 yr and 20 yr global warming potentials (GWP100,
GWP20) are 2.36 and 5.83 for the global reduction, and 0.079 to 6.05 and − 1.13
to 18.9 among the 10 regions. The NMVOC RF and GWP estimates are generally
lower than previously modeled estimates, due to the greater NMVOC/NOx emissions
ratios simulated, which result in less sensitivity to NMVOC emissions changes and
smaller global O3 burden responses, in addition to differences in the representation of
NMVOCs and oxidation chemistry among models. Accounting for a fuller set of RF
contributions may change the relative magnitude of each region's impacts. The large
variability in the RF and GWP of NMVOCs among regions suggests that regionally
specific metrics may be necessary to include NMVOCs in multi-gas climate trading
schemes.

Effect of major dust storm on optical, physical, and radiative properties
of aerosols over coastal and urban environments in Western India
G.R. Ahera , G.V. Pawara , Pawan Guptab, P.C.S. Devara
Source: International Journal of Remote Sensing, 2014 Vol. 35, No. 3, 871–903,
http://dx.doi.org/10.1080/01431161.2013.873153
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The present study deals with a major summertime dust storm event that
occurred over the Arabian Desert, Saudi Arabia (SA), and the United Arab
Emirates (UAE) and spread to Pakistan, the Arabian Sea, and Western India
(in particular over Alibaug and Pune), using multi-satellite- and ground-based
measurements. Analysis of the aerosol parameters retrieved over Alibaug and
Pune from the ground-based MICROTOPS-II Sunphotometer, seven Aeronet
Robotic Network (AERONET) stations, including Pune, and satellite (Moderateresolution Imaging Spectroradiometer (MODIS)) and Ozone Monitoring
Instrument ((OMI-Aura)) measurements shows significant changes on dusty
days as compared with non-dusty days prior to and after the dust storm event.
A large increase in aerosol optical depths (AODs) and decrease in Angstrom
exponent (AE, α440-870 nm), showing the presence of a larger fraction of
coarser particles comparable to those of other intense dust outbreak episodes
worldwide, have been found at all these sites during the dust storm event.
Higher observed AODs are considered to be the combined effect of desert dust
and burning biomass/biofuel-induced aerosols. AERONET-retrieved mean aerosol
volume size distributions (AVSDs) on non-dusty and dusty days are bimodal in
nature at the stations of Pune, Kanpur, Jaipur, Karachi, and Lahore, while at
the stations of KAUST_Campus (SA) and Mezaira (UAE), AVSDs are
monomodal. This indicates that at the first five stations, the aerosol system is a
complex mixture of fine- and coarse-mode aerosols with coarse mode exerting
a strong influence on the system. Dust-induced turbid conditions triggered
significant extinction of 30–40%, in shortwave (SW) global solar irradiance,
resulting in an increase of 57% and 74% in aerosol direct radiative forcing
(ADRF) at Alibaug and Pune, respectively, causing perturbation in the radiation
budget. The space-borne Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observation (CALIPSO)-retrieved aerosol vertical profiles reveal the presence of
polluted dust (a mixture of fine- and coarse-mode aerosols), corroborating well
with the aerosol behaviour captured by the MICROTOPS/AERONET
measurements and MODIS retrievals over the study areas. The Dust Regional
Atmospheric Model (BSC-DREAM8b) predictions are also found to be
consistent with satellite retrievals, implying the ability of the model to monitor
dust transport over the study region.

Laboratory simulation of spontaneous breakup of polluted water drops in
the horizontal electric field
Rohini Bhalwankar , Subashini Subramanian , A.K. Kamra
Source: Journal of Atmospheric and Solar-Terrestrial Physics 119 (2014) 147–
152
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A laboratory simulation experiment to study the spontaneous breakup of
distilled and polluted water drops suspended in horizontal electric field of 0,
100, 300, 500 kV m1 has been performed in a small vertical wind tunnel.
Water drops are formed from distilled water and from 100 ppm solution of
ammonium sulfate and potassium nitrate. Results show that the life time of
the both distilled and polluted water drops decreases with the increase in
electric field. The water drops formed from both distilled and polluted water
become more oblate as the electric field is increased. The results have been
interpreted in terms of enhanced instability of water drops due to the
changes in surface tension, viscosity, conductivity and hydro-dynamics of the
water drop. Significance of the results is discussed in view of the possible
modification of the drop size distribution and consequent growth of raindrops
and lightning activity due to the combined effect of pollutants and electrical
forces in clouds formed over big cities.

Aerosol characteristics at a rural station in southern peninsular India
during CAIPEEX-IGOC: physical and chemical properties
D. S. Bisht & A. K. Srivastava & A. S. Pipal & M. K. Srivastava & A. K. Pandey &
S. Tiwari & G. Pandithurai
Source: Environ Sci Pollut Res DOI 10.1007/s11356-014-3836To understand the boundary layer characteristics and pathways of aerosol–
cloud interaction, an Integrated Ground Observational Campaign, concurrent
with Cloud Aerosol Interaction and Precipitation Enhancement Experiment, was
conducted by the Indian Institute of Tropical Meteorology, Pune, under
Ministry of Earth Sciences at Mahabubnagar (a rural environment, which is
~100 km away from an urban city Hyderabad in Andhra Pradesh), during
the period of July–November 2011. Collected samples of PM2.5 and PM10
were analyzed for water-soluble ionic species along with organic carbon
(OC) and elemental carbon (EC). During study period, the average mass
concentrations of PM2.5 and PM10 were about 50(±10) and 69(±14)μg
m−3 , respectively, which are significantly higher than the prescribed Indian
National Ambient Air Quality Standards values. The chemical species such as
sum of anions and cations from measured chemical constituents were
contributed to be 31.27 and 38.49 % in PM2.5 and 6.35 and 5.65 % to
the PM10, whereas carbonaceous species contributed ~17.3 and 20.47 %
for OC and ~3.0 and 3.10 % for EC, respectively. The average ratio of
PM2.5/PM10 during study period was ~0.73 (±0.2), indicating that the
dominance of fine size particles. Carbonaceous analysis results showed that
3

the average concentration of OC was 14 and 8.7 μg m−3, while EC was
2.1 and 1.5 μg m−3 for PM10 and PM2.5, respectively. The ratios between
OC and EC were estimated, which were 6.6 and 5.7 for PM10 and
PM2.5, suggesting the presence of secondary organic aerosol. Total
carbonaceous aerosol accounts 23 % of PM10 in which the contribution of
OC is 20 % and EC is 3 %, while 20 % of PM2.5 mass in which the
contribution of OC is 17 % and EC is 3 %. Out of the total aerosols
mass, water-soluble constituents contributed an average of 45 % in PM10
and 38 % in PM2.5 including about 39 % anions and 6 % cations in
PM10, while 31 % anions and 7 % cations in PM2.5 aerosol mass
collectively at study site.

High concentration of acidic species in rainwater at Varanasi in the
Indo-Gangetic Plains, India
D. S. Bisht , S. Tiwari, A. K. Srivastava , J. V. Singh , B. P. Singh ,M. K.
Srivastava
Source: Nat Hazards DOI 10.1007/s11069-014-1473-0
The Indo-Gangetic Plains (IGP), straddling the northeastern parts of India
near the foothills of the Himalayas, are one of the most densely populated
and polluted regions on the globe, with consequent large anthropogenic
emissions. In particular, the use of traditional biofuels in the rural areas
along the plains leads to strong emissions of various pollutants. Due to this
importance, a comprehensive study on the chemical characteristics of
rainwater was carried out during southwest summer monsoon season of
2009 at two different locations over Varanasi, India, located in the middle of
IGP region in the eastern part of Uttar Pradesh. The rainwater samples
were analyzed for major chemical constituents along with pH and its electric
conductivity. The pH values ranged from 5.18 to 7.08 with a mean of 5.82
± 0.45 suggest the alkaline nature of rainwater over Varanasi. During the
study period, *14 % rainwater samples were found to be acidic when the
winds blew from south–southeast direction. The weighted mean pH and
electric conductivity were found higher (5.92 ± 0.45) and (24.59 lS/cm)
at Maldahiya site than Banaras Hindu University (5.89 ± 0.46) and
(17.16 lS/cm) due to dominance of soil-derived particles. The equivalent
concentration of ionic species is of the order: Ca2?[SO4 2-[NO3 -[Cl[Mg2?[Na?[HCO3 -[NH4 ?[K?[F-[ H?. The weighted mean concentration
of dominant ions in rainwater over Varanasi was Ca2? (67.1 ± 56 leq/l),
SO4 2- (37 ± 23 leq/l) and NO3- (27.1 ± 28 leq/l). Significant
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correlation (r = 0.81; P\0.001) between the sum of major cations (NH4
Ca Mg2) and the sum of acidic species (SO4 2- ? NO3 -) corroborates
that these alkaline species may act as a neutralizing agent for the acidity of
rainwater. The source contribution of SO4 2- in rainwater was estimated
and was *95 % by man-made activities, which is mainly derived from
burning of fossil/biofuels over this region. The source of nitrate (11 %)
emissions was mainly from automobiles and biomass burning. Statistical
analysis such as principle component analysis was performed to find out
possible sources of measured ions. First factor accounted for *54 %
variance suggested that most of the ions were from natural sources
especially soil dust and sea; however, factor 2 accounted only for *12 %
variance suggests their sources from burning of fossil fuel and biomass. The
third factor also indicates the mixed sources into the atmosphere.

Source-diagnostic dual-isotope composition and optical properties
of water-soluble organic carbon and elemental carbon in the South
Asian outflow intercepted over the Indian Ocean
Carme Bosch, August Andersson , Elena N. Kirillova, Krishnakant Budhavant ,
Suresh Tiwari , P. S. Praveen, Lynn M. Russell, Nicholas D. Beres ,
Veerabhadran Ramanathan , and Örjan Gustafsson
Source: Journal of Geophysical Research: Atmospheres RESEARCH ARTICLE
10.1002/2014JD022127
The dual carbon isotope signatures and optical properties of carbonaceous
aerosols have been investigated simultaneously for the first time in the South
Asian outflow during an intensive campaign at the Maldives Climate
Observatory on Hanimaadhoo (MCOH) (February and March 2012). As
one component of the Cloud Aerosol Radiative Forcing Dynamics Experiment,
this paper reports on the sources and the atmospheric processing of
elemental carbon (EC) and water-soluble organic carbon (WSOC) as
examined by a dual carbon isotope approach. The radiocarbon (Δ14C) data
show that WSOC has a significantly higher biomass/biogenic contribution
(86 ± 5%) compared to EC (59 ± 4%). The more 13C-enriched
signature of MCOH-WSOC (20.8 ± 0.7‰) compared to MCOH-EC (25.8
± 0.3‰) and megacity Delhi WSOC (24.1 ± 0.9‰) suggests that WSOC
is significantly more affected by aging during long-range transport than EC.
The δ13C-Δ14C signal suggests that the wintertime WSOC intercepted over
the Indian Ocean largely represents aged primary biomass burning aerosols.
Since light-absorbing organic carbon aerosols (Brown Carbon (BrC)) have
5

recently been identified as potential contributors to positive radiative forcing,
optical properties of WSOC were also investigated. The mass absorption
cross section of WSOC (MAC365) was 0.5 ± 0.2 m2 g1 which is lower
than what has been observed at near-source sites, indicating a net
decrease of WSOC light-absorption character during long-range transport.
Near-surface WSOC at MCOH accounted for ~1% of the total direct solar
absorbance relative to EC, which is lower than the BrC absorption inferred
from solar spectral observations of ambient aerosols, suggesting that a
significant portion of BrC might be included in the water-insoluble portion of
organic aerosols.

Estimation of past atmospheric carbon dioxide levels using tree-ring
cellulose  13C
Trina Bose, Supriyo Chakraborty, Hemant Borgaonkar , Saikat Sengupta and R.
Ramesh
Source: CURRENT SCIENCE, VOL. 107, NO. 6, 25 SEPTEMBER 2014
We study the applicability of the Farquhar model for carbon isotopic
discrimination (change in carbon isotopic composition from air CO2 to treering cellulose) in C3 plants to trees growing in the field. Two new carbon
isotope datasets from Himalayan conifers with published data from another
eight sites across the world show disparate trends in the plot of carbon
isotope discrimination versus atmospheric carbon dioxide concentration, in
contrast to the model prediction of absence of any trend. This is because
the model assumes that the tree adjusts its stomatal conductance for wateruse efficiency to maintain a constant ratio of carbon dioxide concentrations
inside and outside the leaf and treats the diffusive and biochemical
fractionation factors as constants. By introducing a simple linear dependence
of these fractionation factors with ambient temperature and humidity, we have
enhanced the applicability of the model to naturally growing trees. Further,
despite the disparate trends exhibited by the 10 trees, we show using the
inverse modelling that it is possible to derive a unique record of past
atmospheric CO2 concentrations using tree cellulose  13C data. The
reconstructions also replicate the summer pCO2 gradient from tropics to midlatitudes. We also discuss the merits and demerits of the model, and
compare the model-derived pCO2 with that of the ice core-based records
from Law Dome.
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Sources and elemental composition of summer aerosols in the
Larsemann Hills (Antarctica)
Krishnakant Budhavant & P. D. Safai & P. S. P. Rao
Source: Environ Sci Pollut Res DOI 10.1007/s11356-014-3452-0
Atmospheric aerosols play a major role in the global climate change. A
better physical characterization of the chemical composition of atmospheric
aerosols, especially in remote atmosphere, is an important step to reduce
the current uncertainty in their effect on the radiative forcing of the climate.
In the present work, surface aerosols have been studied over the Southern
Ocean and over Bharati, Indian Research Station at Larsemann Hills at the
Antarctic coast during the summer season of 2009–2010. Aerosol samples
were collected using optical particle counter (OPC) and high-volume air
sampler. PM10 and PM2.5 aerosol samples were analyzed for various
water-soluble and acid-soluble ionic constituents. The Hysplit model was
used to compute the history of the air masses for their possible origin.
Supplementary measurements of meteorological parameters were also used.
The average mass concentration for PM10 over the Southern Ocean was
found to be 13.4 μg m3. Over coastal Antarctica, the mass of PM10 was
5.13 μg m−3, whereas that of PM2.5 was 4.3 μg m−3. Contribution of
marine components, i.e., Na, Cl and Mg was dominant over the Southern
Ocean (79 %) than over the coastal Antarctica where they were dominant
in coarse mode (67 %) than in fine mode (53 %) aerosols. The
NH4/nss-SO4 ratio of 1.12 in PM2.5 indicates that the NH4 and SO4 ions
were in the form of NH4HSO4. Computation of enrichment factors indicate
that elements of anthropogenic origin, e.g., Zn, Cu, Pb, etc., were highly
enriched with respect to crustal composition.

Chemical composition of the inorganic fraction of cloud-water at a high
altitude station in West India
K.B. Budhavant, P.S.P. Rao , P.D. Safai , L. Granat , H. Rodhe
Source: Atmospheric Environment 88 (2014) 59e65
Data from a ground-based cloud-water collection system intercepting water
from clouds at a mountain field station, Sinhagad near Pune in India are
presented. This study was part of an Indo-Swedish Collaboration Project on
Atmospheric Brown Cloud-Asia (ABC-A). Cloud-water and rainwater
7

(wetonly) samples were collected during June 2007eDec. 2010.
Concentrations of major anions and cations were determined. Ion
concentrations were generally higher (NO3, about 8 times; SO4 2 and Kþ,
5 times; NH4 þ, 4 times and Cl, Naþ, Ca2þ, Mg2þ 3 times) in cloudwater samples than in rainwater samples collected during the same days.
The average pH of cloud-water samples was 6.0 with about 20% of the
values below 5.6 and only 4% less than 5.0. Despite high concentrations of
SO4 2 and NO3 the cloud water samples were on average not more acidic
than rainwater samples. This is different from most of the other studies of
cloud-water composition which have noted a substantially higher acidity (i.e.
lower pH) in cloud-water than in rainwater. The slightly alkaline (pH >
5.6) nature of the cloud-water samples is mainly due to the presence of
soil derived calcium carbonate in quantities more than enough to neutralize
the acids or their precursors. A separation of the cloud-water data into
trajectory groups showed that samples in air-masses having spent the last
few days over the Indian sub-continent were in general more acidic (due to
anthropogenic emissions) than those collected during days with air-masses
of marine origin. A high correlation mutually between Ca2þ, Naþ, NO3 and
SO4 2 makes it difficult to estimate the contribution to SO4 2 from different
sources. Anthropogenic SO2-emissions and soil dust may both give important
contributions.

Chemical Composition of Snow-Water and Scavenging Ratios over
Costal Antarctica
Krishnakant Babanrao Budhavant, Pasumarthi Surya Prakasa Rao, Pramod
Digambar Safai
Source: Aerosol and Air Quality Research, 14: 666–676, 2014 Copyright ©
Taiwan Association for Aerosol Research ISSN: 1680-8584 print / 2071-1409
online doi: 10.4209/aaqr.2013.03.0104
Snow samples and aerosol samples were collected at coastal Antarctica near
Larsemann Hills and Maitri, during the 29th Indian Antarctic Expedition
carried out during Dec., 2009 to March 2010. The main objective of this
study was to characterize the chemical composition of fresh and surface
snow at coastal Antarctica and to determine the scavenging ratios using
composition of snow and aerosol samples. The pH of surface and fresh
snow were 6.03 and 5.64 respectively. The surface snow samples were
collected along a 127-km transect from the seaward edge of the ice shelf
to the Antarctic plateau and analyzed for the presence of the major inorganic
8

components SO4 2–, NO3 – , Cl– , NH4 + , Na+ , K+ , Ca2+ and
Mg2+. It was observed that Na+ and Cl– were the most abundantly
occurring ions at Antarctica. Considerable amount of SO4 2– was also found
in the both fresh and surface snow which may be attributed to the long
range transport from Northern Hemisphere as well as to the oxidation of
DMS produced by marine phytoplankton. A higher percentage of the ions in
fresh snow may be because of trapping of the particulate matter in it. The
sea-salt components i.e., Na+, Cl– and Mg2+ decreased with increasing
distance from the coast. The acidic components were neutralized mainly by
NH4 + and Ca2+. The scavenging ratio was maximum for Na+ and
minimum for NO3 –, indicating that the scavenging efficiency was higher for
coarse size particles and lower for fine size particles. In addition, we have
attempted to find out the possible sources of the observed chemical species
in snow-water.

Increased frequency of extreme Indian Ocean Dipole events due to
greenhouse warming
Wenju Cai, Agus Santoso, Guojian Wang, Evan Weller, Lixin Wu , Karumuri
Ashok , Yukio Masumoto, & Toshio Yamagata
Source: doi: 10.1038/nature13327
The Indian Ocean dipole is a prominent mode of coupled ocean–
atmosphere variability1–4, affecting the lives of millions of people in Indian
Ocean rimcountries5–15. In its positive phase, sea surface temperatures are
lower than normal off the Sumatra–Java coast, but higher in the western
tropical Indian Ocean. During the extreme positive IOD (pIOD) events of
1961, 1994 and 1997, the eastern cooling strengthened and extended
westward along the equatorial Indian Ocean through strong reversal of both
the mean westerly winds and the associated eastward-flowing upper ocean
currents1,2. This created anomalously dry conditions from the eastern to the
central Indian Ocean along the Equator and atmospheric convergence farther
west, leading to catastrophic floods in eastern tropical African countries13,14
but devastating droughts in eastern Indian Ocean rim countries8–10,16,17.
Despite these serious consequences, the response of pIOD events to
greenhouse warming is unknown. Here, using an ensemble of climate models
forced by a scenario of high greenhouse gas emissions (Representative
Concentration Pathway 8.5), we project that the frequency of extreme pIOD
events will increase by almost a factor of three, from one event every 17.3
years over the twentieth century to one event every 6.3 years over the
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twenty-first century. We
both equatorial westerly
with a faster warming
Ocean—facilitates more
reversal. This leads to
increasing frequency of
affected by the pIOD.

find that a mean state change—with weakening of
winds and eastward oceanic currents in association
in the western than the eastern equatorial Indian
frequent occurrences of wind and oceanic current
more frequent extreme pIOD events, suggesting an
extreme climate and weather events in regions

Deviations from the O3-NO-NO2 photo-stationary state in Delhi, India
Chate D.M., Ghude S.D., Beig G., Mahajan A.S., Jena C., Srinivas R., Dahiya
A., Kumar Nandini
Source: Atmospheric Environment, 96, October 2014,
DOI:10.1016/j.atmosenv.2014.07.054, 353-358
A network of air quality and weather monitoring stations was set-up across
Delhi, India, under the System of Air quality Forecasting And Research
(SAFAR) project. The objective of this network was to enable better
understanding of air quality in terms of atmospheric chemistry, emissions and
forecasting in Delhi, one of the largest metropolises in the world. In this
study, we focus on the O3eNOeNO2-triad Photo Stationary State (PSS),
and investigate site-specific deviations in the Leighton Ratio (F) during a
short period in 2012 (1e31 December). Large variations were observed in
the NO (<1 ppbv to a peak of 295 ppbv), NO2 (<2 ppbve47 ppbv)
and O3 (4 ppbve95 ppbv) mixing ratios, all of which showed strong
diurnal variation. The F values showed large deviations from unity over the
measurement period, with mostly negative deviations (F < 1), showing that
the air masses were dominated by local sources of NOx and that the PSS
was not achieved. Positive deviations (F > 1) were also observed
occasionally, and these data were used to estimate the total peroxy radical
(PO2) mixing ratios. This is the first estimate of PO2 reported for the city
of Delhi and compares well with the results in the literature.

Seasonal prediction of distinct climate anomalies in summer 2010 over
the tropical Indian Ocean and South Asia
Chowdary J.S., Attada R., Lee J-Y, Kosaka Y., Ha K-J, Luo J-J, Gnanaseelan
C., Parekh A., Lee D-Y
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Source: Journal of Meteorological Society of Japan, 92, March 2014,
DOI:10.2151/jmsj.2014-101, 1-16
The characteristics and predictability of climate anomalies over the tropical
Indian Ocean (TIO) and South Asian region during the boreal summer
(June–July–August) of 2010 are investigated on the basis of atmospheric
regional model simulations and five forecasts obtained from Asia-Pacific
Economic Cooperation Climate Center coupled models. The robust features of
summer 2010 are the basin-wide TIO warming and enhanced (suppressed)
rainfall over the north Indian Ocean and maritime continent (head Bay of
Bengal and parts of monsoon trough region). Our regional atmospheric
model experiments corroborate that rainfall over South Asia was mostly
determined by the TIO sea surface temperature (SST) warming during
summer 2010. Most of the coupled models and their multi-model ensemble
(MME) used in this study successfully predict the robust features over the
TIO and/or South Asian region with 01 May 2010 initial condition. The
positive rainfall anomalies over the west coast of India, southern Peninsular
India, and central Bay of Bengal are qualitatively well predicted by the
MME. Suppressed rainfall over the northeast Bay of Bengal associated with
the northwestward extension of the northwest Pacific ridge is also reasonably
predicted by the MME. On the other hand, the MME has a moderate skill
in predicting positive rainfall anomalies over the convective zone of southeast
TIO due to weak local SST warming. Further, the coupled models and their
MME fail to predict the anomalous positive rainfall in northern Pakistan
because of their inability in predicting mid-latitude circulation anomalies. This
study reveals that the predictive skill of rainfall and circulation anomalies
during summer 2010 over the TIO and South Asia is largely attributable to
the Indian Ocean basin-wide warming during the decay phase of El Niño.
These results indicate that the accurate simulation of the TIO SST by
coupled models is critical in determining the 2010 South Asian summer
monsoon rainfall.

Estimated crop yield losses due to surface ozone exposure and
economic damage in India
S. B. Debaje
Source: Environmental Science and Pollution Research, 21, June 2014,
DOI:10.1007/s11356-014-2657-6, 7329-7338
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In this study, we estimate yield losses and economic damage of two major
crops (winter wheat and rabi rice) due to surface ozone (O3) exposure
using hourly O3 concentrations for the period 2002–2007 in India. This
study estimates crop yield losses according to two indices of O3 exposure:
7-h seasonal daytime (0900–1600 hours) mean measured O3
concentration (M7) and AOT40 (accumulation exposure of O3 concentration
over a threshold of 40 parts per billion by volume during daylight hours
(0700–1800 hours), established by field studies. Our results indicate that
relative yield loss from 5 to 11 % (6–30 %) for winter wheat and 3–6 %
(9–16 %) for rabi rice using M7 (AOT40) index of the mean total winter
wheat 81 million metric tons (Mt) and rabi rice 12 Mt production per year
for the period 2002–2007. The estimated mean crop production loss (CPL)
for winter wheat are from 9 to 29 Mt, account for economic cost loss was
from 1,222 to 4,091 million US$ annually. Similarly, the mean CPL for rabi
rice are from 0.64 to 2.1 Mt, worth 86–276 million US$. Our calculated
winter wheat and rabi rice losses agree well with previous results, providing
the further evidence that large crop yield losses occurring in India due to
current O3 concentration and further elevated O3 concentration in future may
pose threat to food security.

Possible evidence of new particle formation and its impact on cloud
microphysics from airborne measurements over Bay of Bengal
C.G. Deshpande a, Rohini Bhalwankar , B. Padmakumari , R.S. Maheskumar ,
Duncan Axisa , J.R. Kulkarni
Source: Atmospheric Research 140–141 (2014) 1–13
Airborne measurements conducted under a special mission over Bay of
Bengal (BoB) during the CAIPEEX (Cloud Aerosol Interaction and
Precipitation Enhancement EXperiment) in 2011 were analyzed in the present
study. Research flights were carried out on 19 and 20 October, 2011
(referred as RF1 and RF2), in the region over BoB, which was influenced
by a depression to evaluate the aerosol–cloud interactions over marine
environment. The increased concentration of aitken/accumulation mode
particles was observed at 500 m above sea surface level over the ocean
after the passage of the depression. The source of these particles and their
subsequent growth during RF1 at about 200 km from coastline has been
attributed to (i) increased production of aerosols due to oxidation of
dimethyl sulfide (DMS) because of upwelling of the deep ocean water
during the depression and (ii) anthropogenic aerosols transported from
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inland. Moreover, measurements of accumulation and coarse mode particles
with diameter ranging from 0.1 to 3 μm and cloud droplets in the range 3
to 47 μm show systematic growth associated with cloud microphysical/rain
formation process. On the other hand, no such evidence of increasing
particle concentration and growth has been observed at about 60 km from
coastline towards southeast during RF2. Evidently, the rain event observed
during the night hours of 19 October caused the washout and scavenging of
aerosols which contributed towards the decreased aerosol concentration
observed near the coast.

Physical properties of the arctic summer aerosol particles in relation to
sources at Ny-Alesund, Svalbard
C G Deshpande and A K Kamra
Source: Journal of Earth System Science, 123, February 2014, 201-212
Measurements of the number concentration and size distribution of aerosol
particles in the size range of 0.5–20 μm diameter were made with an
aerodynamic particle sizer at an Arctic site at Ny-Alesund, Svalbard in
August–September 2007 during the International Polar Year 2007–2008.
Data are analyzed to study the aerosol number concentration–wind speed
relationships. The sea-salt particles of marine origin generated within the
Arctic circle are identified as the main source of the Arctic summer aerosols.
Total number concentration of aerosol particles increases with increase in
wind speed, the increase being more when winds from open leads over the
oceanic sector are reaching the station as compared to when winds from
pack ice in other directions are reaching the station. The larger increase
with winds from the oceanic sector is attributed to the enhanced bubblebreaking activity and increased entrainment of dimethyl sulphide particles at
the sea surface. Although, the increase in total aerosol number concentration
associated with the winds from the oceanic sector is spread over the whole
range of particle sizes, the increase in coarse mode particles is more
prominent than that in the accumulation mode particles. The age of air mass
over pack ice is also an important factor to determine the aerosol
concentration over the Arctic region. The process of rainout/washout of the
aerosol particles due to drizzle/snowfall is an effective sink mechanism in
the Arctic environment. The aerosol particle concentration starts decreasing
within a few minutes from the start of these events but requires a few
hours to restore to the normal background aerosol level after the end of
event.
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Novel Technique for Profiling of Aerosol, Ozone and Water Vapor
during Winter Using Mobile Radiometers over a Hilltop Station
Panuganti China Sattilingam Devara , Sunil Manohar Sonbawne, Sanjoy Kumar
Saha
Source: Aerosol and Air Quality Research, 14, August 2014,
DOI:10.4209/aaqr.2013.05.0168, 1443–1454
Following a novel approach, the vertical distributions of columnar aerosol
optical depth (AOD), precipitable water content (PWC) and ozone (TCO)
have been determined using compact, multi-filter, solar radiometers during
winter period of 2002–2003. These profiles were obtained by making
measurements at different altitudes while ascending to/descending from a
rural site, elevated up to an altitude of about 1450 m above mean sea
level (AMSL). Besides the wavelength dependency, the profiles depict
significant layer structures which are explained on the basis of concurrent
atmospheric stability parameters. The aerosol size distributions which were
obtained from the inversion of spectral dependence of AOD at different
altitudes show a mixture of power-law, mono- and bi-model distributions
indicating the influence of aerosols originating from both anthropogenic and
natural sources. The present results, representing a rural high-altitude
station, are compared with those reported over a few selected similar highaltitude stations in North India, and also observed at a nearby urban station
(Pune) in Central India to infer modulation of terrain-induced meteorological
parameters on aerosol source strength. The importance of the experimental
approach and profiles of AOD and pre-cursor gases over areas with scarce
alternative measurements, networks with sporadic presence of ground sites
and limited number of satellite retrievals is highlighted.

Sun-Sky Radiometer Synthesis of Interplay Between Aerosols and
Monsoon Activity Over Pune, India
Devara P.C.S., Sumit Kumar, Vijaykumar K., Pandithurai G.
Source: Pure and Applied Geophysics, 171, September 2014,
DOI:10.1007/s00024-014-0828-5, 2501–2517
Besides several thematic campaigns, utilizing a variety of platforms including
satellites, ground-based networks have been established to improve our
understanding of the role of aerosols in the changing monsoon climate. Two
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such widely known networks over the globe are ‘SKYNET’ and ‘AERONET’
with sun-sky radiometers as the principal equipment that characterizes
aerosols and gases over different geographical locations under varied air
mass conditions. Pune (18430 N, 73510 E, 559 m above mean sea
level), a fast growing low-latitude, urban city in India, is one of the sites
where Prede (POM-01L, SKYNET) and Cimel (CE-318, AERONET)
Sunsky radiometers have been in operation since 2004. These radiometers
have been extensively used in several studies related to standalone and
coupled aerosol-cloud-climate processes. The Prede instrument at this site is
being augmented for the network of the Global Atmospheric Watch program
of the World Meteorological Organization to facilitate data coordination through
the World Data Center for Aerosols. The present study envisages
understanding the response of atmospheric constituents, through simultaneous
operation of the radiometers amongst others, for the rainfall activity over
Pune during two contrasting monsoon years of 2008 (active, 98 % of long
period average (LPA) rainfall over the whole country) and 2009 (weak,
78 % of LPA). The synthesis of data indicates that, apart from excellent
agreement between the direct Sun observations, both radiometers capture well
the monsoon features within the instrument density and efficacy of data
retrieval algorithms involved. The meteorological fields from the ECMWF reanalysis and NOAAHYSPLIT air-mass back-trajectory analysis during the
study period have been utilized to explain the variations observed in the
radiometer products.

Simulation of severe thunder storm event: a case study over Pune, India
S. Fadnavis • Medha Deshpande • Sachin D. Ghude • P. Ernest Raj
Source: Natural Hazards, 72, June 2014, DOI:10.1007/s11069-014-1047-1,
927-943
Numerical simulation of a typical tropical thunder storm event at Pune
(18.53N, 73.85E), India, has been performed using the three nested
domain configuration of Weather Research and Forecasting-Advanced
Research Weather Model (version 3.2). The model simulations have been
compared with observations. Sensitivity to cumulus parameterization schemes,
namely Betts–Miller (BM), Grell–Devenyi (GD), and Kain– Fritsch (KF),
for simulation of vertical structure and time evolution of weather parameters
has been evaluated using observations from automatic weather station and
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global positioning system radiosonde ascents. Comparison of spatial
distribution of 24-h accumulated rain with Tropical Rainfall Measuring Mission
data shows that BM scheme could simulate better rain than GD and KF
schemes. The BM scheme could well simulate the development of storm and
heavy rain as it could generate sufficiently humid and deep layer in the
lower and middle atmosphere, along with co-existence of updrafts and
downdrafts and frozen hydrometeors at the middle level and rain water near
the surface.

Ozone trends in the vertical structure of Upper Troposphere and Lower
stratosphere over the Indian monsoon region
S. Fadnavis, S. Dhomse, S. Ghude, U. Iyer, P. Buchunde, S. Sonbawne &
P. E. Raj
Source: International Journal of Environmental Science and Technology, 11,
March 2014, DOI:10.1007/s13762-013-0258-4, 529-542
Ozone trends in the Upper Troposphere and Lower Stratosphere over the
Indian region are investigated using three satellite data sets namely Halogen
Occultation Experiment (1993–2005), Stratospheric Aerosol and Gas
Experiment (1993–2005) II, and Aura Microwave Limb Sounder (MLS,
2005–2011). Estimated ozone trends using multi-variate regression analysis
are compared with trends at two Indian ozonesonde stations (Delhi, 28N,
77E and Pune, 18N, 73E), and a 3-D Chemical Transport Model (CTM,
SLIMCAT) for the 1993–2005 time period. Overall, all the observational
data sets and model simulations indicate significant increasing trend in the
upper troposphere (0–2.5 %/year). In the lower stratosphere, estimated
trends are slightly positive up to 30 mb and are negative between 30 and
10 mb. Increasing trends in the upper troposphere is probably due to
increasing trends in the tropospheric ozone precursor gases (e.g. CO, NOx,
NMHCs). Here, we argue that these contrasting ozone trend profiles might
be partially responsible for insignificant long-term trends in the tropical total
column ozone. On seasonal scale, positive trends are observed during all
the seasons in the upper troposphere while structure of trend profile varies
in lower stratosphere. Seasonal variations of ozone trends and its linkages
with stratospheric intrusions and increasing trends in lightning flashes in the
troposphere are also discussed.
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Trends in Peroxyacetyl Nitrate (PAN) in the upper troposphere and
lower stratosphere over Southern Asia during the summer monsoon
season: regional impacts
S. Fadnavis1 , M. G. Schultz2 , K. Semeniuk3 , A. S. Mahajan1 , L. Pozzoli4 , S.
Sonbawane1 , S. D. Ghude1 , M. Kiefer5 , and E. Eckert
Source: Atmospheric Chemistry and Physics Discussions, 14, July 2014,
DOI:10.5194/acpd-14-19055-2014, 19055-19094
We analyze temporal trends of Peroxyacetyl Nitrate (PAN) retrievals from
the Michelson Interferometer for Passive Atmospheric Sounding (MIPAS)
during 2002–2011 in the altitude range 8–23 km over the Asian summer
monsoon (ASM) region. The greatest enhancements of PAN mixing ratios
in the upper troposphere and lower stratosphere (UTLS) are seen during
the summer monsoon season from June to September. During the monsoon
season, the mole fractions of PAN show statistically significant (at 2 sigma
level) positive trends from 0.2±0.05 to 4.6±3.1 ppt year−1 (except
between 12– 14 km) which is higher than the annual mean trends of
0.1±0.05 to 2.7±0.8 ppt year−1 . These rising concentrations point to
increasing NOx (= NO+ NO2) and volatile organic compound (VOC)
emissions from developing nations in Asia, notably India and China. We
analyze the influence of monsoon convection on the distribution of PAN in
UTLS with simulations using the global chemistry-climate model ECHAM5HAMMOZ. During the monsoon, transport into the UTLS over the Asian
region primarily occurs from two convective zones, one extending from the
Bay of Bengal to the South China Sea and the other over the southern
flank of the Himalayas. India and China are NOx limited regions, and thus
we use the model to evaluate the contributions from enhanced NOx
emissions to the changes in PAN, HNO3 and O3 concentrations in the
UTLS. From a set of sensitivity experiments with emission changes in
particular regions it can be concluded that Chinese emissions have a greater
impact on the concentrations of these species than Indian emissions. NOx
emissions increases over India are about half of those over China.

Treeline dynamics with climate change at the central Nepal Himalaya
N. P. Gaire, M. Koirala , D. R. Bhuju1, and H. P. Borgaonkar
Source: Climate of the Past, 10, July 2014, DOI:10.5194/cp-10-1277-2014,
1277-1290
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Treeline shifting in tandem with climate change has widely been reported
from various parts of the world. In Nepal, several impacts of climate change
on the physical environment have been observed, but study on the biological
impacts is lacking. This dendrochronological study was carried out at the
treeline in the high mountain slope of Kalchuman Lake (3750–4003 m
a.s.l.) area of Manaslu Conservation Area in the central Nepal Himalaya to
explore the impact of climate change on the treeline dynamic. Two belt
transect plots (size: 20 m wide, > 250 m long) were laid which included
tree line as well as tree species limit. Ecological mapping of all individuals
of dominant trees Abies spectabilis and Betula utilis was done and their tree
cores were collected. Stand character and age distribution revealed an
occurrence of more matured B. utilis (max. age 198 years) compared to
A. spectabilis (max. age 160 years). A. spectabilis contained an
overwhelmingly high population (89 %) of younger plants (< 50 years)
indicating its high recruitment rate. Population age structure along the
elevation gradient revealed an upward shifting of A. spectabilis at the rate of
2.61 m year−1 since AD 1850. The upper distribution limit of B. utilis was
found to be stagnant in the past few decades. An increment in plant density
as well as upward shifting in the studied treeline ecotones was observed.
The temporal growth of A. spectabilis was correlated negatively with the
monthly mean and minimum temperature of June to September of the current
and previous year. The regeneration of A. spectabilis, on the other hand,
was positively correlated with August precipitation and monthly maximum
temperature of the month of the current year. The growth and regeneration
of A. spectabilis was more sensitive to maximum and minimum temperature
rather than average temperature. The growth of the B. utilis was mainly
limited by moisture stress during the pre-monsoon season. As these two
species presented species-specific responses to climate change with
differential pattern in regeneration condition, much wider differences are
anticipated in their population status as climate continues to change
throughout the century.

The impact of revised simplified Arakawa–Schubert convection
parameterization scheme in CFSv2 on the simulation of the Indian
summer monsoon
Ganai M., Mukhopadhyaya P., Phani Murali Krishna R., Mahakur M.
Source: Climate Dynamics, online, September 2014, DOI:10.1007/s00382-0142320-4, 1-22
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Keeping the systematic bias of the climate forecast system model version 2
(CFSv2) in mind, an attempt is made to improve the Indian summer
monsoon (ISM) rainfall variability in the model from diurnal through daily to
seasonal scale. Experiments with default simplified Arakawa–Schubert (SAS)
and a revised SAS schemes are carried out to make 15 years climate run
(free run) to evaluate the model fidelity with revised SAS as compared to
default SAS. It is clearly seen that the revised SAS is able to reduce some
of the biases of CFSv2 with default SAS. Improvement is seen in the
annual seasonal cycle, onset and withdrawal but most importantly the rainfall
probability distribution function (PDF) has improved significantly. To
understand the reason behind the PDF improvement, the diurnal rainfall
simulation is analysed and it is found that the PDF of diurnal rainfall has
significantly improved with respect to even a high resolution CFSv2 T382
version. In the diurnal run with revised SAS, the PDF of rainfall over central
India has remarkably improved. The improvement of diurnal cycle of total
rainfall has actually been contributed by the improvement of diurnal cycle of
convection and associated convective rainfall. This is reflected in outgoing
longwave radiation and high cloud diurnal cycle. This improvement of
convective cycle has resolved a long standing problem of dry bias by CFSv2
over Indian land mass and wet bias over equatorial Indian Ocean. Besides
the improvement, there are some areas where there are still scopes for
further development. The cold tropospheric temperature bias, low cloud
fractions need further improvement. To check the role of shallow convection,
another free run is made with revised SAS along with shallow convection
(SC). The major difference between the new and old SC schemes lies in
the heating and cooling behavior in lower-atmospheric layers above the
planetary boundary layer. However, the inclusion of revised SC scheme could
not show much improvement as compared to revised SAS with deep
convection. Thus, it seems that revised SAS with deep convection can be a
potentially better parameterization scheme for CFSv2 in simulating ISM rainfall
variability.

Reductions in India’s crop yield due to ozone
Ghude S.D., Jena C., Chate D.M., Beig G., Pfister G.G., Rajesh Kumar,
Ramanathan V.
Source: Geophysical Research Letters, 41, August 2014,
DOI:10.1002/2014GL060930, 5685–5691

19

This bottom-up modeling study, supported by emission inventories and crop
production, simulates ozone on local to regional scales. It quantifies, for the
first time, potential impact of ozone on district-wise cotton, soybeans, rice,
and wheat crops in India for the first decade of the 21st century. Wheat is
the most impacted crop with losses of 3.5 ± 0.8 million tons (Mt),
followed by rice at 2.1 ± 0.8 Mt, with the losses concentrated in central
and north India. On the national scale, this loss is about 9.2% of the
cereals required every year (61.2 Mt) under the provision of the recently
implemented National Food Security Bill (in 2013) by the Government of
India. The nationally aggregated yield loss is sufficient to feed about 94
million people living below poverty line in India.

Air–sea CO2 flux in the Pacific Ocean for the period 1990–2009
Ishii M., Feely R.A., Rodgers K.B., Park G-H, Wanninkhof R., Sasano D.,
Sugimoto H., Cosca C.E., Nakaoka S., Telszewski M., Nojiri Y., , Fletcher
M.S.E., Niwa Y., Patra P. K., Valsala V., Nakano H., Lima I., Doney S.C.,
Buitenhuis E.T., Aumont O., Dunne J.P., Lenton A., Takahashi T.
Source: Biogeosciences, 11, February 2014, DOI:10.5194/bgd-10-12155-2013,
709-734
Air–sea CO2 fluxes over the Pacific Ocean are known to be characterized
by coherent large-scale structures that reflect not only ocean subduction and
upwelling patterns, but also the combined effects of wind-driven gas
exchange and biology. On the largest scales, a large net CO2 influx into
the extratropics is associated with a robust seasonal cycle, and a large net
CO2 efflux from the tropics is associated with substantial interannual
variability. In this work, we have synthesized estimates of the net air–sea
CO2 flux from a variety of products, drawing upon a variety of approaches
in three sub-basins of the Pacific Ocean, i.e., the North Pacific extratropics
(18–66◦ N), the tropical Pacific (18◦ S–18◦ N), and the South Pacific
extratropics (44.5–18◦ S). These approaches include those based on the
measurements of CO2 partial pressure in surface seawater (pCO2sw),
inversions of ocean-interior CO2 data, forward ocean biogeochemistry models
embedded in the ocean general circulation models (OBGCMs), a model
with assimilation of pCO2sw data, and inversions of atmospheric CO2
measurements. Long-term means, interannual variations and mean seasonal
variations of the regionally integrated fluxes were compared in each of the
sub-basins over the last two decades, spanning the period from 1990
through 2009. A simple average of the long-term mean fluxes obtained with
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surface water pCO2 diagnostics and those obtained with ocean-interior CO2
inversions are −0.47 ± 0.13 Pg C yr−1 in the North Pacific extratropics,
+0.44 ± 0.14 Pg C yr−1 in the tropical Pacific, and −0.37 ± 0.08 Pg C
yr−1 in the South Pacific extratropics, where positive fluxes are into the
atmosphere. This suggests that approximately half of the CO2 taken up over
the North and South Pacific extratropics is released back to the atmosphere
from the tropical Pacific. These estimates of the regional fluxes are also
supported by the estimates from OBGCMs after adding the riverine CO2 flux,
i.e., −0.49 ± 0.02 Pg C yr−1 in the North Pacific extratropics, +0.41 ±
0.05 Pg C yr−1 in the tropical Pacific, and −0.39 ± 0.11 Pg C yr−1 in
the South Pacific extratropics. The estimates from the atmospheric CO2
inversions show large variations amongst different inversion systems, but their
median fluxes are consistent with the estimates from climatological pCO2sw
data and pCO2sw diagnostics. In the South Pacific extratropics, where CO2
variations in the surface and ocean interior are severely undersampled, the
difference in the air–sea CO2 flux estimates between the diagnostic models
and ocean-interior CO2 inversions is larger (0.18 Pg C yr−1 ). The range
of estimates from forward OBGCMs is also large (−0.19 to −0.72 Pg C
yr−1). Regarding interannual variability of air–sea CO2 fluxes, positive and
negative anomalies are evident in the tropical Pacific during the cold and
warm events of the El Niño–Southern Oscillation in the estimates from
pCO2sw diagnostic models and from OBGCMs. They are consistent in phase
with the Southern Oscillation Index, but the peak-to-peak amplitudes tend to
be higher in OBGCMs (0.40 ± 0.09 Pg C yr−1) than in the diagnostic
models (0.27 ± 0.07 Pg C yr−1).

Estimation of the lifetime of nitrogen oxides over India using
SCIAMACHY observations
Jena Chinmay, Ghude S.D., Blond N., Beig G., Chate D.M., Fadnavis S., Van
der A R.J.
Source: International Journal of Remote Sensing, 2014 Vol. 35, No. 4, 1244–
1252, http://dx.doi.org/10.1080/01431161.2013.873146
The NOx lifetime is needed to determine NOx source strength and allow for
source apportionment studies. Satellite observations of tropospheric column
NO2 may be used to estimate the NOx lifetime by analysing tropospheric
NO2 decay in the outflow region. In this study, we used Scanning Imaging
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Absorption Spectrometer for Atmospheric Cartography (SCIAMACHY)
observations of tropospheric NO2 to quantify the lifetime of NOx, ‘τNOx ’,
over the Indian region. We analysed a tropospheric NO2 plume that
originated over the city of Mumbai and its downwind evolution over the
Arabian Sea as a function of distance (decay curve). The observed pattern
of decay curve is fitted with the exponential decay fit model, which gives an
e-folding distance of 107 km. The fit result yields a mean lifetime of NOx
of about τNOx = 10.2 h based on SCIAMACHY observations. In addition,
we quantified τNOx using CHIMERE chemical mechanisms and compared the
result with the satellite-based estimation. The estimated τNOx for India,
based on CHIMERE simulation, is about 11.9 h, comparable to the τNOx
calculated by satellite observations.

North Indian heavy rainfall event during June 2013: diagnostics and
extended range prediction
Susmitha Joseph · A. K. Sahai · S. Sharmila · S. Abhilash · N. Borah · R.
Chattopadhyay · P. A. Pillai · M. Rajeevan · Arun Kumar
Source: Climate Dynamics, online, August 2014, DOI:10.1007/s00382-0142291-5, 1-17
The Indian summer monsoon of 2013 covered the entire country by 16
June, one month earlier than its normal date. Around that period, heavy
rainfall was experienced in the north Indian state of Uttarakhand, which is
situated on the southern slope of Himalayan Ranges. The heavy rainfall and
associated landslides caused serious damages and claimed many lives. This
study investigates the scientific rationale behind the incidence of the extreme
rainfall event in the backdrop of large scale monsoon environment. It is
found that a monsoonal low pressure system that provided increased low
level convergence and abundant moisture, and a midlatitude westerly trough
that generated strong upper level divergence, interacted with each other and
helped monsoon to cover the entire country and facilitated the occurrence of
the heavy rainfall event in the orographic region. The study also examines
the skill of an ensemble prediction system (EPS) in predicting the
Uttarakhand event on extended range time scale. The EPS is implemented
on both high (T382) and low (T126) resolution versions of the coupled
general circulation model CFSv2. Although the models predicted the event
10–12 days in advance, they failed to predict the midlatitude influence on
the event. Possible reasons for the same are also discussed. In both
resolutions of the model, the event was triggered by the generation and
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northwestward movement of a low pressure system developed over the Bay
of Bengal. The study advocates the usefulness of high resolution models in
predicting extreme events.

Observations of new particle formation at two distinct Indian
subcontinental urban locations
V.P. Kanawade a, * , Sachchida N. Tripathi a, * , Devendraa Siingh b , Alok S.
Gautam b , Atul K. Srivastava c , Adarsh K. Kamra b , Vijay K. Soni d , Virendra
Sethi
Source: Atmospheric Environment, 96, October 2014,
DOI:10.1016/j.atmosenv.2014.08.001, 370-379
While the formation of new atmospheric aerosol particles and their
subsequent growth have been observed under diverse environmental
conditions globally, such observations are very scarce over Indian
subcontinent. Here, we present the systematic analysis for new particle
formation (NPF) from two distinct urban locations in India during AprileMay
of two consecutive years. Particle size distributions were measured at Pune
(18.53N, 73.85E) during 16 Aprile23 May, 2012 and at Kanpur (26.46N,
80.32E) during 16 Aprile23 May, 2013. The campaign mean total particle
number concentration in the similar size range of 4e135 nm at Pune (12.2
103 cm3 ) was higher than at Kanpur (7.9 103 cm3 ), whereas the
estimated total condensation sink (CS4e750) at Pune (16.2 103 s 1 )
was lower than at Kanpur (33.3
103 s 1 ). Despite lower particle
number concentrations at Kanpur, larger particle sizes resulted in higher
condensation sink than at Pune. The mean particle mode diameter at Kanpur
was found larger by a factor of ~1.8 than at Pune. NPF events were
observed commonly at both sites, with lower frequency at Kanpur (14%)
than that at Pune (26%). The derived particle growth rates, GR, and the
formation rates of 5 nm particles, J5, ranged from 3.4 to 13.3 nm h1 and
0.4 to 13.9 cm3 s 1, respectively, which are generally comparable to typical
values reported in previous studies. Generally, the particle growth rates were
found higher at Kanpur, whereas the formation rates were higher at Pune. It
appears that the presence of pre-existing large particles at Kanpur than at
Pune suppressed formation rates and favored particle growth. Overall, NPF
occurred at lower condensation sink, lower RH, higher solar radiation, and
higher temperature.
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Water-soluble organic carbon aerosols during a full New Delhi winter:
Isotope-based source apportionment and optical properties
Elena N. Kirillova , August Andersson , Suresh Tiwari , Atul Kumar Srivastava ,
Deewan Singh Bisht , and Örjan Gustafsson
Source: Journal of Geophysical Research, 119, March 2014,
DOI:10.1002/2013JD020041, 3476-3485
Water-soluble organic carbon (WSOC) is a major constituent (~ 20–80%)
of the total organic carbon aerosol over the Indian subcontinent during the
dry winter season. Due to its multiple primary and secondary formation
pathways, the sources of WSOC are poorly characterized. In this study, we
present radiocarbon constraints on the biomass versus fossil sources of
WSOC in PM2.5 for the 2010/2011 winter period for the megacity Delhi,
situated in the northern part of the heavily polluted Indo-Gangetic Plain. The
fossil fuel contribution to Delhi WSOC (21 ± 4%) is similar to that recently
found at two South Asian background sites. In contrast, the stable carbon
isotopic composition of Delhi WSOC is less enriched in 13C relative to that
at the two receptor sites. Although potentially influenced also by source
variability, this indicates that near-source WSOC is less affected by
atmospheric aging. In addition, the light absorptive properties of Delhi WSOC
were studied. The mass absorption cross section at 365 nm (MAC365)
was 1.1–2.7 m2 /g with an Absorption Ångström Exponent ranging between
3.1 and 9.3. Using a simplistic model the relative absorptive forcing of the
WSOC compared to elemental carbon in 2010/2011 wintertime Delhi was
estimated to range between 3 and 11%. Taken together, this near-source
study shows that WSOC in urban Delhi comes mainly (79%) from biomass
burning/biogenic sources. Furthermore, it is less influenced by photochemical
aging compared to WSOC at South Asian regional receptor sites and
contributes with a relatively small direct absorptive forcing effect.

Long-term trends observed in the middle atmosphere temperatures
using ground based LIDARs and satellite borne measurements
Kishore P., Ratnam M.V., Velicogna L., Sivakumar V., Bencherif H., Clemesha
B.R., Simonich D.M., Batista P.P., Beig G.
Source: Annales Geophysicae, 32, March 2014, DOI:10.5194/angeo-32-3012014, 301-317
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Long-term data available from Lidar systems located at three different
locations namely São José dos Campos, Brazil (23.2◦ S, 45.8◦ W),
Gadanki (13.5◦ N, 79.2◦ E) and Reunion (20.8◦ S, 55.5◦ E) have been
used to investigate the long-term variations like Annual, Semi-annual,
Quasi-biennial, El Nino Southern Oscillation and solar cycle. These
oscillations are also extracted from simultaneous satellite borne measurements
of HALogen Occultation Experiment (HALOE) instrument onboard UARS and
SABER onboard TIMED over these stations making largest time series
covering the entire middle atmosphere. A good agreement is found between
the LIDAR and satellite-derived amplitudes and phases between 30 and 65
km altitude, which suggests that satellite measurements can be used to
investigate the long-term trends globally. Latter measurements are extended
to 80 km in order to further investigate these oscillations. Large difference in
the amplitudes between the eastern pacific and western pacific is noticed in
these oscillations. Changing from cooling trends in the stratosphere to
warming trends in the mesosphere occurs more or less at altitude around
70 km altitude and this result agrees well with that observed by satellite
measurements reported in the literature. The peak in the cooling trend does
not occur at a fixed altitude in the stratosphere however maximum warming
trend is observed around 75 km at all the stations. The observed long-term
trends including various oscillations are compared with that reported with
various techniques.

Microphysics of clouds and rain over the Western Ghat
Konwar M., Das S.K., Deshpande S.M., Chakravarty K., Goswami B.N.
Source: Journal of Geophysical Research, 119, June 2014,
DOI:10.1002/2014JD021606, 1-20
In an attempt to unravel the interactions between cloud microphysics and
dynamics that make shallow clouds precipitate heavily in this region, some
unique observations of rain and cloud microphysical parameters are presented
here from two stations, Pune and Mahabaleshwar, one each on the lee and
windward sides, respectively, of the Western Ghat (WG) mountains in
peninsular India. To elucidate rain microphysics, we used the raindrop size
distribution (DSD) by fitting three parameter Gamma functions to the
observed raindrop spectra. Over Pune, during stratiform rain with bright band
(BB) at 0°C isotherm; concave upward DSD shapes are observed below
the BB which becomes concave downward at lower altitudes. It is due to
breakup process of large raindrops which increases drop concentration at
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midsizes suggesting coalescence, collision, and breakup processes. Both
slope and intercept parameters of Gamma DSD decrease during no BB
condition as altitudes decrease, signifying collision and coalescence
processes. Over Mahabaleshwar, bimodal and monomodal DSD are observed
during light and heavy rainfall, respectively. With shallow storm heights, small
raindrops mainly contribute to both types of rainfall. The DSDs are
parameterized, and their radar reflectivity factor-rainfall intensity relationships
are evaluated suggesting the dominance of collision-coalescence processes.
Aircraft measurements of orographic clouds over the WG suggest interaction
of cloud mass with the ambient updraft speed. The orographically forced
updrafts foster rapid condensational growth of cloud droplets triggering
coalescence process within few hundred meters of cloud depth. Hence, these
clouds are dynamically forced to produce precipitation over the WG.

Assessing Hydrological Response to Changing Climate in the Krishna
Basin of India
Kulkarni B. D., Deshpande N. R., Patwardhan S. K., Bansod S. D.
Source: Journal of Earth Science & Climatic Change, 5, August 2014,
DOI:10.4172/2157-7617.1000211, 1-6
Impact of climate change on water balance components in the Krishna river
basin are investigated using a semidistributed hydrological model namely Soil
and Water Assessment Tool (SWAT). The model is calibrated and validated
using the measured stream flow and meteorological data for the period
(1970-1990) at a single guage outlet. The model has been used further
for hydrologic parameter simulations. Daily climate simulations from regional
climate model PRECIS (Providing Regional Climates for Impacts Studies) is
used as input for running SWAT and monthly hydrologic parameters such as
precipitation, surface flow, water yield, Evapotranspiration (ET) and Potential
Evapotranspiration (PET) are generated under the assumption of no change
in Land Use and Land Cover (LULC) pattern over time. Simulations at 23
sub-basins of the Krishna basin have been obtained for the control runs
(1961-1990) and the for two time slices of future scenarios (2011-2040)
and (2041-2070). Model projections indicate increase in the annual
discharge, surface runoff and base flow in the basin in mid-century.

Stable carbon isotopes in dissolved inorganic carbon: extraction and
implications for quantifying the contributions from silicate and carbonate
weathering in the Krishna River system during peak discharge
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Laskar A.H., Gandhi N., Thirumalai K., Yadava M.G., Ramesh R., Mahajan R.R.,
Kumar D.
Source: Isotopes in Environmental and Health Studies, 50, June 2014,
DOI:10.1080/10256016.2014.878715, 156–168
We present a comparative study of two offline methods, a newly developed
method and an existing one, for the measurement of the stable carbon
isotopic composition (δ13C) of dissolved inorganic carbon (DIC; δ13CDIC)
in natural waters. The measured δ13CDIC values of different water samples,
prepared from laboratory Na2CO3, ground and oceanic waters, and a
laboratory carbonate isotope standard, are found to be accurate and
reproducible to within 0.5 ‰ (1σ). The extraction of CO2 from water
samples by these methods does not require pre-treatment or sample
poisoning and can be applied to a variety of natural waters to address
carbon cycling in the hydrosphere. In addition, we present a simple method
(based on a two-end-member mixing model) to estimate the silicateweathering contribution to DIC in a river system by using the concentration
of DIC and its δ13C. This approach is tested with data from the Krishna
River system as a case study, thereby quantifying the contribution of silicate
and carbonate weathering to DIC, particularly during peak discharge.

Aerosol Optical Properties and Composition over a Table Top Complex
Mining Area in a Monsoon Trough Region
Latha R., Murthy B.S., Manoj Kumar, Jyotsna S., Lipi K., Pandithurai G., Mahanti
N.C.
Source: Aerosol and Air Quality Research, 14, April 2014,
DOI:10.4209/aaqr.2013.02.0062, 806-817
Aerosol physiochemical properties over a varied mining plateau region at the
eastern end of a monsoon trough are reported for the first time and
analyzed at different time scales. Aerosol optical depth (single scattering
albedo, SSA) is found to be 0.49 (0.9) in pre-monsoon, 0.4 (0.94) in
monsoon, 0.46 (0.92) in post-monsoon, and 0.36 (0.89) in winter, with
an annual mean of 0.43 (0.91). The volume-size distribution is tri-modal,
with 0.02 (ultra-fine), 0.2 (accumulation) and 7 (coarse) µm, but with
seasonal signatures. The angstrom exponent (AE) varies along with the
AOD, especially in winter, although they are inversely related to each other
during monsoons; the increase in size may be due to the effect of humidity.
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AODbc varies between 13.4%–4.7% of the total aerosols, with the highest
contribution in March, when forest burning in the north east is at its peak.
BC is the lowest in July, the mid monsoon month with the minimum
biomass burning and brick-kiln activities. It is likely that the interactions of
various minerals and intermittent rains help keep the aerosol size in a mixed
state with regard to the relation between AE and AOD, although more work
is needed to confirm this. The chemical composition of aerosols is derived
from an aerosol chemical model based on the measured amount of black
carbon and the assumed components. These components are selected based
on back trajectories and earlier reports from the region. Their concentrations
are adjusted by constraining the model output AOD and SSA to match
(±2% @ 500 nm) that observed by a sun-sky radiometer. The chemical
compositions of the winter and post-monsoon months are similar, while premonsoon period has more coarse mode minerals, and the monsoon period
has more sea-salt (accu.). The component mass concentrations were
grouped into various size bins based on their modal radii, and the results
indicate that PM1 is at its maximum in winter whereas PM2.5 is highest in
the post-monsoon period. Monsoons leads to the effective washout of 2.5–
10 µm sized particles.

Trend analysis of evapotranspiration and its response to droughts over
India
S. Madhu & T. V. Lakshmi Kumar & Humberto Barbosa & K. Koteswara Rao & V.
Vizaya Bhaskar
Source: Theoretical and Applied Climatology, online, July 2014,
DOI;10.1007/s00704-014-1210-3, 1-11
Six temperature homogeneous regions of India were chosen to calculate
evapotranspiration (ET) using Hargreaves and Samani method on a monthly
basis. Break Trend Analysis has been applied to the annual and seasonal
ETs of the respective homogeneous regions as well as for whole India and
the factors contributing for the changes in ET have been analysed. By
considering the data of Reconnaissance Drought Index (RDI), Rainfall,
Advanced Very High Resolution Radiometer (AVHRR) Normalized Difference
Vegetation Index (NDVI) for South West (SW) monsoon (June to
September) and Rice yield (major Khariff crop yield) of All India, we
investigated the variations in ET during drought years. The trend analysis of
seasonal and annual ET over the test regions have shown significant (levels
of 0.05 to 0.01) increase over the past 107 years of the study period
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(1901 to 2007). The enhancement in ET is found to be 2.9 mm/decade
over India and with a maximum in West Coast India (6 mm/decade),
followed by Northwest India (3.9 mm/ decade). The increasing trends in
ET may be due to the increase in difference of maximum and minimum
temperatures over these regions, which is of the order of 0.64 °C/ decade
on all India scale. The analysis of ET in drought years consistently shows
higher values in the years when India suffered under moderate and severe
droughts. It is also observed that lower rainfall values in the drought years
such as 1983, 1987 and 2002 were associated with the higher ETs
accompanied by lower NDVI and Rice yields. The analysis has been
extended to the comparison of ET with rainfall through wavelet spectrum to
understand the interannual variations which inferred the El Niño impact on
ET. The correlation analysis of ET over the Interior Peninsular region with
the number of days falling in active and break spells of monsoon by which
drought can be characterised, revealed the significant negative and positive
values, respectively.

Changes in western disturbances over the Western Himalayas in a
warming environment
R. K. Madhura • R. Krishnan • J. V. Revadekar • M. Mujumdar • B. N. Goswami
Source: Climate Dynamics, online, May 2014, DOI:10.1007/s00382-014-2166-9,
1-12
The climate of the Western-Himalayan (WH) region is sensitively dependent
on precipitation during the winter and early spring months (December-toApril, DJFMA) produced largely by synoptic weather-systems known as
‘‘Western Disturbances’’ (WD), which originate from the Mediterranean
region and propagate eastward as troughs and cyclonic lows embedded in
the sub-tropical westerlies. While the WH region has witnessed a significant rise in surface temperatures since the post-1950s, there are no major
trends in the DJFMA seasonal precipitation. Past studies, based on station
observations from the WH, have reported a significant increase in the
occurrence of extreme precipitation events in recent decades. Here, we have
analyzed multi-source climate datasets to understand the increasing frequency
of heavy precipitation events over WH. Our analysis suggests that
pronounced warming trends over the Tibetan Plateau in recent decades,
arising due to the elevation dependency of the climatic warming signal, have
favored enhancement of meridional temperature gradients at middle and
upper-tropospheric levels over the sub-tropics and mid-latitudes. The present
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findings indicate that the observed pattern of mid-tropospheric warming trend
in recent decades over west-central Asia has led to increased baroclinic
instability of the mean westerly winds, thereby favoring increased variability of
WDs and higher propensity of heavy precipitation events over the WH.

Glyoxal observations in the global marine boundary layer
Mahajan A.S., Prados-Roman C., Hay T.D., Lampel J., Pohler D., Grobmann K.,
Tschritter J., Frieb U., Platt U., Johnston P., Kreher K., Wittrock F., Burrows
J.P., Plane J.M.C., Saiz-Lopez A.
Source: Journal of Geophysical Research, 119, May 2014,
DOI:10.1002/2013JD021388, 6160–6169
Glyoxal is an important intermediate species formed by the oxidation of
common biogenic and anthropogenic volatile organic compounds such as
isoprene, toluene, and acetylene. Although glyoxal has been shown to play
an important role in urban and forested environments, its role in the open
ocean environment is still not well understood, with only a few observations
showing evidence for its presence in the open ocean marine boundary layer
(MBL). In this study, we report observations of glyoxal from 10 field
campaigns in different parts of the world’s oceans. These observations
together represent the largest database of glyoxal in the MBL. The
measurements are made with similar instruments that have been used in the
past, although the open ocean values reported here, average of about 25
parts per trillion by volume (pptv) with an upper limit of 40 pptv, are
much lower than previously reported observations that were consistently
higher than 40 pptv and had an upper limit of 140 pptv, highlighting the
uncertainties in the differential optical absorption spectroscopy method for the
retrieval of glyoxal. Despite retrieval uncertainties, the results reported in this
work support previous suggestions that the currently known sources of glyoxal
are insufficient to explain the average MBL concentrations. This suggests that
there is an additional missing source, more than a magnitude larger than
currently known sources, which is necessary to account for the observed
atmospheric levels of glyoxal. Therefore, it could play a more important role
in the MBL than previously considered.

Reliability of regional and global climate models to simulate
precipitation extremes over India
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Vimal Mishra , Devashish Kumar , Auroop R. Ganguly , J. Sanjay , Milind
Mujumdar , R. Krishnan , and Reepal D. Shah
Source: Journal of Geophysical Research, 119, August 2014,
DOI:10.1002/2014JD021636, 9301-9323
Extreme precipitation events over India have resulted in loss of human lives
and damaged infrastructures, food crops, and lifelines. The inability of climate
models to credibly project precipitation extremes in India has not been helpful
to longer-term hazards resilience policy. However, there have been claims
that finer-resolution and regional climate models may improve projections.
The claims are examined as hypotheses by comparing models with
observations from 1951–2005. This paper evaluates the reliability of the
latest generation of general circulation models (GCMs), Coupled Model
Intercomparison Project Phase 5 (CMIP5), specifically a subset of the
better performing CMIP5 models (called “BEST-GCM”). The relative value
of finer-resolution regional climate models (RCMs) is examined by
comparing Coordinated Regional Climate Downscaling Experiment (CORDEX)
South Asia RCMs (“CORDEX-RCMs”) versus the GCMs used by those
RCMs to provide boundary conditions, or the host GCMs (“HOST-GCMs”).
Ensemble mean of BEST-GCMs performed better for most of the extreme
precipitation indices than the CORDEX-RCMs or their HOST-GCMs. Weaker
performance shown by ensemble mean of CORDEX-RCMs is largely
associated with their high intermodel variation. The CORDEX-RCMs
occasionally exhibited slightly superior skills compared to BEST-GCMs; on
the whole RCMs failed to significantly outperform GCMs. Observed trends in
the extremes were not adequately captured by any of the model ensembles,
while neither the GCMs nor the RCMs were determined to be adequate to
inform hydrologic design.

Influence of tropical cyclone ‘AILA’ on atmospheric surface layer
turbulence and fluxes at Ranchi during its landfall
B. S. Murthy, R. Latha1 and Manoj Kumar
Source: ATMOSPHERIC SCIENCE LETTERS Atmos. Sci. Let. 15: 72–78 (2014)
Published online 25 November 2013 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/asl2.474
Surface layer turbulent fluxes and normalized wind spectra at Ranchi, India
during the landfall of severe cyclonic storm ‘AILA’ are compared with the
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fair weather spectra. Spectral peaks are shifted to lower frequencies as AILA
crosses the coast. Dominant eddy sizes after the landfall are observed to be
much higher than those before the landfall especially for u component.
Spectral energy during the passage of synoptic disturbance in the vicinity is
lesser than that of Kaimal’s spectrum owing to mismatch of empirical
constant over tropics. Mean vertical velocity is positive (negative) before
(after) the landfall, indicating dominance of updrafts (downdrafts).

Effect of aerosols on evapo-transpiration
B.S. Murthy , R. Latha, Manoj Kumar , N.C. Mahanti
Source: Atmospheric Environment, 89, June 2014,
DOI:10.1016/j.atmosenv.2014.02.029, 109-118
Aerosol direct radiative forcing (ARF) at surface is estimated from
instantaneous, simultaneous observations of global radiation and aerosol
optical depth (AOD) during winter, pre-monsoon and monsoon seasons
over a tropical Indian station at the south-eastern end of Indo Gangetic
basin. A comparison of observed and model derived ARFs is made and
possible reasons for mismatch are discussed. Aerosolinduced reduction in
solar visible (0.4e0.7 mm) spectrum energy (SWvis), contributing 44% to
total broad band (0.3e3.0 mm) energy (SW), and its effect on surface
energy fluxes are discussed in this study. Aerosols on an average reduce
SWvis at surface by w27%. SWvis reduces by 14.5 W m2 for a 0.1
increase in AOD when single scattering albedo (SSA) is 0.979 where as it
reduces by 67.5 W m2 when SSA is 0.867 indicating the significant effect
of absorbing aerosols. Effect of ARF on net radiation, Rn, sensible heat
flux, H and latent heat flux/evapo-transpiration, LE are estimated using the
observed ratios of Rn/SW, H/ Rn and LE/Rn, having reasonably good
correlation. Observed Rn/SW varies between 0.59 and 0.75 with a
correlation of 0.99 between them. LE, calculated by energy balance method,
varies from 56% to 74% of Rn but with a lesser correlation, the possible
reasons are discussed. For a given ARF, LE decreases by w14% and Rn
by w15% with respect to observed LE and Rn respectively. The reduction in
LE increases from 37% to 54% of ARF when LE increases from 220 W
m2 to 440 W m2, suggesting that wet soil induces relatively larger
reduction in evaporation. The results agree with earlier model sensitivity
studies that Rn reduces more with increase in aerosol absorption which is
compensated by proportionate reductions in H and LE depending on soil and
atmospheric conditions.
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Characterization of aerosol optical properties over the high-altitude
station Hanle, in the trans-Himalayan region
Shantikumar S. Ningombam , S.P. Bagare , N. Sinha , Rajendra B. Singh , A.K.
Srivastava E. Larson , V.P. Kanawade
Source: Atmospheric Research, 138, March 2014,
DOI:10.1016/j.atmosres.2013.11.025, 308-323
Optical properties of aerosols over Hanle (4500 m amsl) in the western
Himalayas were studied using skyradiometer observations during October
2007 to December 2010. Yearly mean value of aerosol optical depth
(AOD) at 500 nm is 0.042 ± 0.002, which demonstrates the pristine
environment of the station. Seasonal mean AODs at 500 nm during
summer, autumn, winter, and spring are 0.044 ± 0.002, 0.031 ± 0.001,
0.031 ± 0.001, and 0.061 ± 0.002, respectively. The relatively high AOD
during spring, associated with an elevated aerosol layer observed from
space, supports the hypothesis of middle-upper tropospheric heating during
pre-monsoon period. Seasonal mean values of Angstrom exponent (α)
estimated from linear regression method varied from minimum 0.65 (spring)
to maximum 1.02 (autumn). Dominance of coarse mode aerosols at the
site is thus evident during spring. Analysis of AOD profiles obtained from
satellite data and airmass back trajectories superimposed with fire-counts
data indicated the presence of desert– dust at the altitudes of 5 to 7 km
amsl during the episodes of high AOD and low α. These trajectories
indicated airmasses mostly coming from different desert regions, e.g in
north-west Asia and Iran in the Middle east. Further, arrival of airmasses
from the densely populated and industrialized Punjab and Haryana regions
from the north-west of India apparently explains the relative contribution of
transported anthropogenic aerosols over the station.

Aerosol Modulation of Ultraviolet Radiation Dose over Four Metro Cities
in India
A. S. Panicker, G. Pandithurai, G. Beig, Dongchul Kim,2 and Dong-In Lee
Source: Hindawi Publishing Corporation Advances in Meteorology Volume 2014,
Article ID 202868, 5 pages http://dx.doi.org/10.1155/2014/202868
This paper discusses the influence of aerosols on UV erythemal dose over
four metro cities in India. Tropospheric Emission Monitoring Internet Service
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(TEMIS), archived UV-index (UV-I), and UV daily erythemal dose
obtained from SCIAMACHY satellite were used in this study during June
2004 and May 2005 periods covering four important Indian seasons. UVIndex (UVI), an important parameter representing UV risk, was found to be
in the high to extreme range in Chennai (8.1 to 15.33), moderate to
extreme range in Mumbai and Kolkata (5 to 16.5), and low to extreme
over Delhi (3 to 15). Average UV erythemal dose showed seasonal
variation from 5.9 to 6.3 KJm−2 during summer, 2.9 to 4.4 KJm−2 during
postmonsoon, 3 to 4.5 KJm−2 during winter, and 5.1 to 6.19 KJm−2
during premonsoon seasons over the four cities. To estimate the influence of
aerosols on reducing UV dose, UV aerosol radiative forcing and forcing
efficiency were estimated over the sites. The average aerosol forcing
efficiency was found to be from −1.38 ± 0.33 to −3.01 ± 0.28 KJm−2
AOD−1 on different seasons. The study suggests that aerosols can reduce
the incoming UV radiation dose by 30–60% during different seasons.

Observations of black carbon induced semi direct effect over Northeast
India
A.S. Panicker , G. Pandithurai , P.D. Safai , S. Dipu , T.V. Prabha , M. Konwar
Source: Atmospheric Environment, 98, December 2014,
DOI:10.1016/j.atmosenv.2014.09.034, 685-692
This article reports observational evidence of Black Carbon (BC) induced
cloud burning effect (Semi direct effect) for the first time over a
mountainous location in North east India. Simultaneous aircraft observations of
Black Carbon (BC) mass concentrations and cloud microphysical parameters
were carried out over Guwahati, in Northeast India during Cloud Aerosol
Interactions and Precipitation Enhancement Experiment (CAIPEEX) Phase-I
in 2009. Elevated pollution layers of BC (concentration exceeding 1 mg
m3) were observed over the site up to 7 km on different experimental days
(August 30, September 4 and 6 in 2009) in the cloud regime. The
vertical heating rate and radiative forcing induced by elevated BC layers in
the cloud regime were estimated using an optical model along with a
radiative transfer model. The instantaneous vertical heating rate induced by
BC in cloud layers is found to be as high as 2.65 K/day. The
instantaneous vertical heating by BC is found to be inducing a significant
reduction in the measured cloud liquid water content (LWC) over the site.
Subsequently, the BC stimulated heating has been found to be reducing the
cloud fraction (CFR) and thus inducing a “cloud burning effect (Semi
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direct effect)”, over the region. The estimated instantaneous BC induced
radiative forcing in the cloud regime is found to be þ12.7eþ45.1 W m2
during the experimental periods. This large warming and reduction in
cloudiness can decrease the precipitation over the region. However, more
simultaneous BC-cloud observations and further research are necessary to
establish a stable “semi-direct effect” over the region.

Measurements of carbon dioxide and heat fluxes during monsoon-2011
season over rural site of India by eddy covariance technique
Patil M.N., Dharmaraj T., Waghmare R.T., Prabha T.V., Kulkarni J.R.
Source: Journal of Earth System Science, 123, February 2014, 177-185
An increase in carbon dioxide (CO2) concentrations in the atmosphere due
to anthropogenic activities is responsible for global warming and hence in
recent years, CO2 measurement network has expanded globally. In the
monsoon season (July–September) of year 2011, we carried out
measurements of CO2 and water vapour (H2O) concentrations along with
wind and air temperature over a tropical site in southeast India having rural
topography. To collect these observations, the instrumentations used were the
sonic anemometer for wind and temperature, and the open path H2O/CO2
infrared gas analyzer for CO2 and H2O concentrations. Using these
observations, we explored the diurnal variability of CO2 flux along with
sensible and latent heat. The CO2 flux was positive during night-time and
negative during daytime and in phase with convective instability. The CO2
flux relationships with the meteorological parameters such as wind speed,
temperature and heat fluxes have been analysed. The seasonal (monsoon)
half hour mean of CO2 flux which was −3.55 μmol m−2 s−1 indicated the
experimental site as a CO2 sink region (net seasonal uptake). An increase
in CO2 concentrations during weekends was not observed due to
unavailability of heavy vehicular traffic.

Planetary Boundary Layer and aerosol interactions over the Indian
sub-continent
M.N. Patil n , S.D. Patil, R.T. Waghmare, T. Dharmaraj
Source: Journal of Atmospheric and Solar-Terrestrial Physics 112 (2014) 38–42
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Aerosols, both natural as well as anthropogenic, affect the radiative forcing
of Earth's climate and reduce surface albedo. The Planetary Boundary Layer
(PBL) height, which depends upon surface heat budget, is analyzed
considering the increase in green house gases (GHGs) from pre-industrial
to post-industrial era. The PBL climatology shows deeper PBL during premonsoon and summer monsoon seasons as compared to post-monsoon and
winter. The PBL height has decreased in post-industrial decade compared to
pre-industrial decade. The PBL height reduction is due to increasing aerosol
and GHGs' concentrations in the recent decades, which causes surface
warming and upper tropospheric cooling. Similarly, due to higher loading of
the volcanic aerosol injected from the low latitude eruptions, the atmospheric
circulation has been affected.

Impact of Climate Change on the Characteristics of Indian Summer
Monsoon Onset
Savita Patwardhan, Ashwini Kulkarni, and K. Krishna Kumar
Source: International Journal of Atmospheric Sciences, 2014, September 2014,
Article ID 201695, 1-11
A high resolution regional climate modeling system, known as PRECIS
(Providing REgional Climate for Impact Studies), developed by Hadley
Centre for Climate Prediction and Research, UK, is applied for Indian
subcontinent to assess the impact of climate change on the summer
monsoon onset characteristics. The present day simulation (1961–1990) with
PRECIS is evaluated for the characteristics of onset over Kerala,
southernmost part of India, where the monsoon sets in over Indian
landmass. The meteorological parameters like precipitation, outgoing long
wave radiation (OLR), and low level winds are analysed to study the
monsoon onset over Kerala. The model is able to capture the sudden and
sharp increase of rainfall associated with the onset. The rapid built-up of
convective activity over the southeastern Arabian Sea and Bay of Bengal is
well represented by the model. PRECIS simulations, under scenarios of
increasing greenhouse gas concentrations and sulphate aerosols, are analysed
to study the likely changes in the onset characteristics in future, towards the
end of present century (2071–2100). The analysis does not indicate
significant difference in the mean onset dates in A2 and B2 scenarios.
However, the variability of onset date is likely to be more towards the end
of the 21st century especially in A2 scenario.
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Effects of environmental conditions on inducing charge structures of
thunderstorms over Eastern India
Sunil Dnyandeo Pawar , Venkatachalam Gopalakrishnan1, Palani Murugavel,
Andrei Sinkevich and Deen Mani Lal
Source: Earth, Planets and Space, 66, June 2014, DOI:10.1186/1880-5981-6654, 1-23
It is well known that environmental conditions like convective instability,
aerosol loading, and availability of moisture content affect the polarity of
charge structures of thunderstorms. The electrical characteristics of
thunderstorms observed during the pre-monsoon season of year 2009, over
Eastern India were studied to identify the effects of different environmental
conditions on charge structures of thunderstorms occurring over this region.
Electric field and Maxwell current data suggest that at least one of these
thunderstorms had an inverted charge structure. Doppler RADAR, radiosonde,
and Moderate Resolution Imaging Spectroradiometer (MODIS) Aerosol Optical
Depth (AOD) data have been used to compare the microphysical and
dynamical characteristics of these thunderstorms. The thermo dynamical
structure observed by radiosonde during the day on which an inverted
polarity thunderstorm was observed showed very high CAPE in the mixedphase region compared to other thunderstorm days. Furthermore, the AOD
peaked 1 day before this thunderstorm. The back trajectories of winds also
suggest that the aerosols might have been transported from a desert region
on that day. It has been proposed that the large ice nuclei concentration
can produce dominant positive charge in the lower portion of the mixedphase region by maintaining ice saturation.

Day and night variability of atmospheric organic and elemental carbon
during winter of 2011-12 in Agra, India
Atar Singh Pipal, Rohi Jan, Deewan Singh Bisht, Atul Kumar Srivastava, Suresh
2 1, Tiwari and Ajay Taneja *
Source: Sustainable Environment Research, 24, March 2014, 107-116
The mass concentrations of
EC) associated with PM
(roadside) Kandhari, U.P.
continuous carbon analyzer.

organic carbon and elemental carbon (OC and
were investigated at a traffic influenced site
India during winter of 2.5 2011-12 by semiIndividual samples of PM were collected for
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different 2.5 time periods i.e., 24-h, day and night by medium volume air
sampler and analyzed for OC and EC using thermal optical transmittance
protocol. Average mass concentration of PM was 183 ± 114 µg 2.5 -3 -3
m and varied from 29 to 612 µg m . Carbonaceous analysis results showed
that the average concen- -3 -3 -3 tration of OC varied from 39 to 96
µg m for 24-h, 71 to 89 µg m for day and 64-91 µg m for night -3
while EC varied from 3.4-9.3, 8.9-16.8, 12.4-18.2 µg m for 24-h, day
and night samples respectively. The OC/EC was estimated which varied
between 4.9-47, suggesting the presence of secondary organic aerosol.
Carbonaceous aerosol account for 43% of the total PM mass in which the
38% OC 2.5 and 5% EC contributed to total PM concentration. Day and
night variation of carbonaceous aerosol 2.5 was also studied and was found
that the relative abundance of OC and EC was higher during day time. The
high concentration of PM and its associated carbonaceous aerosol species at
this site may 2.5 be due to vehicular activities, biomass and fossil fuel
combustion. Strong correlation between OC, EC and PM (r = 0.83-0.97)
was observed for 24-h samples. Average level of secondary organic 2.5 -3
-3 -3 carbon was 46 µg m for 24-h, 27 µg m for day and 35 µg m
for night, accounting for 73, 34 and 46% for 24-h, day and night samples
of total OC, respectively. This indicates that the source of OC is from
primary emissions as well as secondary emissions in this region.

Sources and characteristics of carbonaceous aerosols at Agra “World
heritage site” and Delhi “capital city of India”
A. S. Pipal & S. Tiwari & P. G. Satsangi & Ajay Taneja & D.S. Bisht & A. K.
Srivastava & M. K. Srivastava
Source: Environmental Science and Pollution Research, online, April 2014,
DOI:10.1007/s11356-014-2768-0, 1-14
Agra, one of the oldest cities “World Heritage site”, and Delhi, the capital
city of India are both located in the border of Indo-Gangetic Plains (IGP)
and heavily loaded with atmospheric aerosols due to tourist place,
anthropogenic activities, and its topography, respectively. Therefore, there is
need for monitoring of atmospheric aerosols to perceive the scenario and
effects of particles over northern part of India. The present study was
carried out at Agra (AGR) as well as Delhi (DEL) during winter period
from November 2011 to February 2012 of fine particulate (PM2.5: d<2.5
μm) as well as associated carbonaceous aerosols. PM2.5 was collected at
both places using medium volume air sampler (offline measurement) and
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analyzed for organic carbon (OC) and elemental carbon (EC). Also,
simultaneously, black carbon (BC) was measured (online) at DEL. The
average mass concentration of PM2.5 was 165.42±119.46 μg m−3 at AGR
while at DEL it was 211.67±41.94 μg m−3 which is ~27 % higher at DEL
than AGR whereas the BC mass concentration was 10.60 μg m−3 . The
PM2.5 was substantially higher than the annual standard stipulated by central
pollution control board and United States Environmental Protection Agency
standards. The average concentrations of OC and EC were 69.96±34.42
and 9.53± 7.27 μm m−3 , respectively. Total carbon (TC) was 79.01±
38.98 μg m−3 at AGR, while it was 50.11±11.93 (OC), 10.67±3.56 μg
m−3 (EC), and 60.78±14.56 μg m−3 (TC) at DEL. The OC/EC ratio
was 13.75 at (AGR) and 5.45 at (DEL). The higher OC/EC ratio at
Agra indicates that the formation of secondary organic aerosol which emitted
from variable primary sources. Significant correlation between PM2.5 and its
carbonaceous species were observed indicating similarity in sources at both
sites. The average concentrations of secondary organic carbon (SOC) and
primary organic carbon (POC) at AGR were 48.16 and 26.52 μg m−3
while at DEL it was 38.78 and 27.55 μg m−3 , respectively. In the case
of POC, similar concentrations were observed at both places but in the case
of SOC higher over AGR by 24 in comparison to DEL, it is due to the
high concentration of OC over AGR. Secondary organic aerosol (SOA) was
42 % higher at AGR than DEL which confirms the formation of secondary
aerosol at AGR due to rural environment with higher concentrations of coarse
mode particles. The SOA contribution in PM2.5 was also estimated and was
~32 and 12 % at AGR and DEL respectively. Being high loading of fine
particles along with carbonaceous aerosol, it is suggested to take necessary
and immediate action in mitigation of the emission of carbonaceous aerosol
in the northern part of India.

Double blanket effect caused by two layers of black carbon aerosols
escalates warming in the Brahmaputra River Valley
P. R. C. Rahul , R. L. Bhawar , D. C. Ayantika , A. S. Panicker , P. D. Safai , V.
Tharaprabhakaran , B. Padmakumari1 & M. P. Raju
Source: Scientific Reports, 4:3670, January 2014, DOI:10.1038/srep03670, 1-7
First ever 3-day aircraft observations of vertical profiles of Black Carbon
(BC) were obtained during the Cloud Aerosol Interaction and Precipitation
Enhancement Experiment (CAIPEEX) conducted on 30th August, 4th and
6th September 2009 over Guwahati (266119N, 916449E), the largest
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metropolitan city in the Brahmaputra River Valley (BRV) region. The results
revealed that apart from the surface/near surface loading of BC due to
anthropogenic processes causing a heating of 2 K/day, the large-scale
Walker and Hadley atmospheric circulations associated with the Indian
summer monsoon help in the formation of a second layer of black carbon in
the upper atmosphere, which generates an upper atmospheric heating of ,2
K/day. Lofting of BC aerosols by these large-scale circulating atmospheric
cells to the upper atmosphere (4–6 Km) could also be the reason for
extreme climate change scenarios that are being witnessed in the BRV
region.

Unusual high values of aerosol optical depth evidenced in the Arctic
during summer 2011
P.R.C. Rahul, S.M. Sonbawne, P.C.S. Devara
Source: Atmospheric Environment, 94, September 2014,
DOI:10.1016/j.atmosenv.2014.01.052, 606-615
Climatologically, high Aerosol Optical Depth (AOD500 nm) >0.1 during
spring and very low AODs (w0.05) during the summer months persist over
the Arctic. Unusually high values of AOD are unknown to be observed
during Arctic summers; however using MICROTOPS II, we report AOD500
nm values >0.1 at Ny- Ålesund (78.9N, 11.9E), Spitsbergen, Arctic,
during June and July 2011. The AODs derived from the Aerosol Robotic
Network (AERONET) at Hornsund (77.0N, 15.5E) (close to Ny-Ålesund)
also revealed AOD values more than 0.1 during June and July 2011. The
size distribution analysis revealed dominance of fine mode particles in June
2011, and fine and coarse mode particles in July 2011. The HYSPLIT
trajectories and NCEP wind anomalies showed that these fine and coarse
mode particles were a result of long range transport from landmasses around
the Arctic.

Projected changes in climate over the Indus river basin using a high
resolution regional climate model (PRECIS)
R. Rajbhandari • A. B. Shrestha • A. Kulkarni • S. K. Patwardhan • S. R.
Bajracharya
Source: Climate Dynamics, online, June 2014, DOI:10.1007/s00382-014-21838, 1-19
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A regional climate modelling system, the Providing REgional Climates for
Impacts Studies developed by the Hadley Centre for Climate Prediction and
Research, has been used to study future climate change scenarios over
Indus basin for the impact assessment. In this paper we have examined the
three Quantifying Uncertainty in Model Predictions simulations selected from
17-member perturbed physics ensemble generated using Hadley Centre
Coupled Module. The climate projections based on IPCC SRES A1B scenario
are analysed over three time slices, near future (2011–2040), middle of
the twenty first century (2041–2070), and distant future (2071–2098).
The baseline simulation (1961–1990) was evaluated with observed data for
seasonal and spatial patterns and biases. The model was able to resolve
features on finer spatial scales and depict seasonal variations reasonably
well, although there were quantitative biases. The model simulations suggest
a nonuniform change in precipitation overall, with an increase in precipitation
over the upper Indus basin and decrease over the lower Indus basin, and
little change in the border area between the upper and lower Indus basins.
A decrease in winter precipitation is projected, particularly over the southern
part of the basin. Projections indicate greater warming in the upper than the
lower Indus, and greater warming in winter than in the other seasons. The
simulations suggest an overall increase in the number of rainy days over the
basin, but a decrease in the number of rainy days accompanied by an
increase in rainfall intensity in the border area between the upper and lower
basins, where the rainfall amount is highest.

Macroscale hydrological modelling approach for study of large scale
hydrologic impacts under climate change in Indian River basins
D. Raje, P. Priya and R. Krishnan
Source: Hydrological Processes, 28, February 2014, DOI:10.1002/hyp.9731,
1874-1889
In climate-change studies, a macroscale hydrologic model (MHM) operating
over large scales can be an important tool in developing consistent
hydrological variability estimates over large basins. MHMs, which can operate
at coarse grid resolutions of about 1 latitude by longitude, have been used
previously to study climate change impacts on the hydrology of continental
scale or global river basins. They can provide a connection between global
atmospheric models and water resource systems on large spatial scales and
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long timescales. In this study, the variable infiltration capacity (VIC) MHM
is used to study large scale hydrologic impacts of climate change for Indian
river basins. Large-scale changes in runoff, evapotranspiration and soil
moisture for India, as well as station-scale changes in discharges for three
major river basins with distinct climatic and geographic characteristics are
examined in this study. Climate model projections for meteorological variables
(precipitation, temperature and wind speed) from three general circulation
models (GCMs) and three emissions scenarios are used to drive the VIC
MHM. GCM projections are first interpolated to a 1 by 1 hydrologic model
grid and then bias-corrected using a quantile– quantile mapping. The VIC
model is able to reproduce observed statistics for discharges in the Ganga,
Narmada and Krishna basins reasonably well, even at the coarse grid
resolution employed using a calibration period for years 1965–1970 and
testing period from 1971–1973/1974. An increasing trend is projected for
summer monsoon surface runoff, evapotranspiration and soil moisture in most
central Indian river basins, whereas a decrease in runoff and soil moisture is
projected for some regions in southern India, with important differences
arising from GCM and scenario variability. Discharge statistics show increases
in mid-flow and low flow at Farakka station on Ganga River, increased high
flows at Jamtara station upstream of Narmada, and increased high, mid-flow
and low flow for Vijayawada station on Krishna River in the future.

Impact of anthropogenic activity and cyclonic storm on black carbon
during winter at a tropical urban city, Pune
M. P. Raju • P. D. Safai • P. S. P. Rao • S. Tiwari • P. C. S. Devara
Source: Natural Hazards, 71, March 2014, DOI:10.1007/s11069-013-0937-y
Black carbon (BC) aerosols are emitted into the atmosphere as a
byproduct of different combustion processes and are reported to be a very
strong absorber of solar radiation. In this paper, we present results on BC
aerosols over Pune, a tropical urban city in south west India during Diwali
festival in the month of November 2010. Daily mean BC showed about 5 %
increase on Diwali day compared with preceding and succeeding period with
concentrations reaching as high as about 21 lg/m3 in the morning on Diwali
day, mainly due to the influence of extensive fireworks. However, the strong
winds accompanied by occasional rainfall due to severe cyclonic storm ‘‘Jal’’
formed in the Bay of Bengal on the same day dampened this effect and
reduced BC to about 2 lg/m3 within 6 h. There was only 5 % increase in
mean BC concentration on Diwali day during 2010 as compared to the
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average increase of about 17 % during preceding 4 years on Diwali day,
mainly due to the impact of weather conditions induced by Jal.

AIRS retrieved CO2 and its association with climatic parameters over
India during 2004–2011
K. Ravi Kumar, J.V. Revadekar, Yogesh K. Tiwari
Source: Science of The Total Environment, 476-477, April 2014,
DOI:10.1016/j.scitotenv.2013.12.118, 79-89
Atmospheric Infrared Sounder (AIRS) retrieved mid-tropospheric Carbon
Dioxide (CO2) has been used to study the variability and its association
with the climatic parameters over India during 2004 to 2011. The study also
aims in understanding transport of CO2 from surface to mid-troposphere over
India. The annual cycle of midtropospheric CO2 shows gradual increase in
concentration from January till the month of May at the rate ~0.6
ppm/month. It decreases continuously in summer monsoon (JJAS) at the
same rate during which strong westerlies persists over the region. A slight
increase is seen during winter monsoon (DJF). Being a greenhouse gas,
annual cycle of CO2 show good resemblance with annual cycle of surface
air temperature with correlation coefficient (CC) of +0.8. Annual cycle of
vertical velocity indicate inverse pattern compared to annual cycle of CO2.
High values of mid-tropospheric CO2 correspond to upward wind, while low
values of mid-tropospheric CO2 correspond to downward wind. In addition to
vertical motion, zonal winds are also contributing towards the transport of
CO2 from surface to mid-troposphere. Vegetation as it absorbs CO2 at
surface level, show inverse annual cycle to that of annual cycle of CO2
(CC-0.64). Seasonal variation of rainfall-CO2 shows similarities with
seasonal variation of NDVI-CO2. However, the use of long period data sets
for CO2 at the surface and at the mid-troposphere will be an advantage to
confirm these results.

On understanding the land–ocean CO2 contrast over the Bay of Bengal:
A case study during 2009 summer monsoon
K. Ravi Kumar & Yogesh K. Tiwari & Vinu Valsala & Raghu Murtugudde
Source: Environmental Science and Pollution Research, 21, April 2014,
DOI:10.1007/s11356-013-2386-2, 5066–5075
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Ship-based observations of atmospheric carbon dioxide (CO2) concentration
over the Bay of Bengal (BoB) between 17 July 2009 and 17 Aug 2009
offered an excellent opportunity to evaluate the land–ocean contrast of
surface CO2 and facilitated its comparison with model simulated CO2
concentrations. Elevated values of CO2 with large variability near the coastal
region and relatively low values with correspondingly lower variability over the
open ocean suggest that this observed CO2 variability over the ocean
essentially captures the differences in terrestrial and oceanic CO2 fluxes.
Although the region under investigation is well known for its atmospheric
intraseasonal oscillations of Indian summer monsoon during July and August,
the limited duration of observations performed from a moving ship in a
research cruise, is not able to capture any high-frequency variability of
atmospheric CO2 concentrations. But band-passed sea surface temperature
and wind anomalies do indicate strong intraseasonal variability over the study
region during the observational period. The synoptic data, albeit quite short
in duration, thus offer a clear benchmark for abrupt variability of CO2
concentration between land and ocean.

The Curious Case of Indian Ocean Warming
Mathew Koll Roxy, Kapoor Ritika, Pascal Terray, Sébastien Masson
Source: Journal of Climate, 27, November 2014, DOI:10.1175/JCLI-D-1400471.1, 8501-8509
Recent studies have pointed out an increased warming over the Indian
Ocean warm pool (the central-eastern Indian Ocean characterized by sea
surface temperatures greater than 28.08C) during the past half-century,
although the reasons behind this monotonous warming are still debated. The
results here reveal a larger picture—namely, that the western tropical Indian
Ocean has been warming for more than a century, at a rate faster than
any other region of the tropical oceans, and turns out to be the largest
contributor to the overall trend in the global mean sea surface temperature
(SST). During 1901–2012, while the Indian Ocean warm pool went through
an increase of 0.78C, the western Indian Ocean experienced anomalous
warming of 1.28C in summer SSTs. The warming of the generally cool
western Indian Ocean against the rest of the tropical warm pool region alters
the zonal SST gradients, and has the potential to change the Asian
monsoon circulation and rainfall, as well as alter the marine food webs in
this biologically productive region. The current study using observations and
global coupled ocean–atmosphere model simulations gives compelling evidence
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that, besides direct contribution from greenhouse warming, the long-term
warming trend over the western Indian Ocean during summer is highly
dependent on the asymmetry in the El Niño–Southern Oscillation (ENSO)
teleconnection, and the positive SST skewness associated with ENSO during
recent decades.

Relationship between black carbon and associated optical, physical and
radiative properties of aerosols over two contrasting environments
P.D. Safai , P.C.S. Devara , M.P. Raju , K. Vijayakumar , P.S.P. Rao
Source: Atmospheric Research, 149, November 2014,
DOI:10.1016/j.atmosres.2014.07.006, 292-299
The first simultaneous aethalometer and solar radiometer measurements of
black carbon (BC) mass concentration (surface-level) and aerosol optical,
microphysical and radiative parameters (columnar) have been made during
2005–2011 over two contrasting experimental sites, one representing
background rural environment (Sinhagad) and the other surrounded by urban
environment (Pune) in the south-west India. The long-term diurnal cycle of
BC aerosols over both sites exhibited a strong peak during daytime and a
weaker plateau around evening–midnight hours, implying the influence of
anthropogenic emissions as well as changes in planetary boundary layer
(PBL). The multi-year seasonal mean variation in BC concentration shows
the highest during winter and lowest during monsoon seasons, which is
found to be inversely related to the variations in single scattering albedo
(SSA). Moreover, the BC variations were found to be strongly associated
with greater values of Angstrom exponent (α), indicating that the observed
BC involves abundance of fine-mode aerosol fraction. The higher
concentrations of BC during winter and lower concentrations during premonsoon over both Pune and Sinhagad are noticed to be closely linked with
aerosol optical depth, revealing significant contribution of BC to the composite
aerosol over both the regions. The columnar AOD and Angstrom exponent
also showed relatively greater optical depth and α values during winter as
compared to pre-monsoon season over both sites.

Characterization of carbonaceous aerosols over the urban tropical
location and a new approach to evaluate their climatic importance
P.D. Safai*, M.P. Raju, P.S.P. Rao, G. Pandithurai
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Source: Atmospheric Environment, 92, June 2014, 493-500
Increasing emissions from fossil-fuel, biomass burning, land use changes and
industrial growth have led to rapid increase in the atmospheric concentrations
of carbonaceous species over many cities in India. The present paper deals
with the results obtained from year long (2012e13) observations conducted
at a tropical urban location, Pune in southwestern India on Organic and
Elemental Carbon as well as Black Carbon; using the Sunset OCEC
Analyzer and Aethalometer, respectively. The average mass concentrations of
OC and EC were in the order of winter > post-monsoon > summer >
monsoon. Mean annual OC/ EC ratio was found to be 2.4 1.1 during the
study period, suggesting the presence of secondary organic carbon (SOC).
Estimated SOC was found to form 47% of OC mass concentration. OC and
EC were also significantly well correlated (r ¼ 0.95, p < 0.0001) to each
other, indicating towards common combustion sources. The primary organic
carbon (POC) dominated over SOC and EC in post-monsoon and winter
seasons indicating impact of anthropogenic burning activity, enhanced by
prevailing meteorological conditions as well as that of long range transport.
Mean annual POC þ EC/TC ratio was 0.69 indicating that more than 2/3
of TC is formed from combustion sources. Thermally derived EC and
optically derived BC correlated very well (r ¼ 0.98, p < 0.0001). A new
concept e.g. Effective carbon ratio (ECR) is suggested to better assess the
scattering/absorptive nature and probable source identification of carbonaceous
aerosols in place of conventional OC/EC ratio.

Lidar profiling of aerosol scavenging parameters at a tropical station,
Pune, India
S.K. Sahaa , D.M. Chatea & P.C.S. Devaraa
Source: International Journal of Remote Sensing, 35, March 2014,
DOI:10.1080/01431161.2014.882527, 1956-1965
In this study, we deal with observations of aerosol column content (height
integration of vertical distribution of aerosol number density) that have been
carried out using an Ar+ lidar for three different measurement cycles (each
cycle consisting of three experimental days associated with non-rain, rain,
and non-rain, respectively) of weekly spaced observations for pre-monsoon
(March/April 1994), monsoon (September 1991), and post-monsoon
(October 1998). Based on these observed profiles of aerosol number
concentration on rainy days with respect to those on non-rainy days, vertical
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distributions of scavenging collection efficiencies (SCEs) are computed and
discussed in this article. The SCE is found to decrease from 0.3 to 0.01
between the heights, 100 and 800 m for thunderstorm rain in April 1994,
and during monsoon, it increases from 0.1 to 0.7. In the October 1998
episode, SCE was found to increase initially from 0.35 to 0.75 for heights
between 40 and 200 m and thereafter decrease to 0.35 in the height
interval of 200–800 m. For the rainfall intensity increase from 1 to 10 mm
hour−1 , the corresponding scavenging coefficient (SC) for atmospheric layer
50–100 m varies from 4 × 10−6 to 4 × 10−5 s −1 for thunderstorm in
April 1994 and between 5 × 10−6 and 5 × 10−5 s −1 in October 1998,
respectively. During monsoon, these values vary from 3 × 10−5 to 5 ×
10−4 s −1. They lie in the range of those observed in the earlier field
studies. The results are found useful to establish links between aerosols and
cloud properties, and the influence of such interactions on weather and
climate.

Critical Emissions from the Largest On-Road Transport Network in
South Asia
Saroj Kumar Sahu*, Gufran Beig , Neha Parkhi
Source: Aerosol and Air Quality Research, 14, February 2014, doi:
10.4209/aaqr.2013.04.0137, 135-144
One of the major requirements of air quality management for a particular
region or country is to understand the sources of emissions, particularly
those from the dominant sectors. The on-road transport sector is one of the
most important sources of pollutant emissions, as it is directly linked to
economic growth, and the current study focuses on India, a nation that is
currently experiencing very rapid development. In view of this, the present
work develops an inventory of on-road vehicular emissions at 0.5° × 0.5°
resolution (approx. 55 km) for a region in India, where a technologicallybased dynamic emissions factor method has been used to for the last 20
years. This new inventory can not only provide improved estimates of
emissions in recent years but also highlight the relative contribution of
various vehicles, based on age, to the total emissions produced by the
transport sector. In addition, inventories of the major air pollutants for onroad vehicles in India are developed for the base year of 2009 for the first
time in this work. The total emissions from the transport sector are
estimated to be 5.4 Tg/yr for NOx, 10.2 Tg for CO, 693.3 Gg/yr for PM
and 5.54 Tg/yr for VOC, 240,000 kilometers of national, state and major
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highways in India are used to achieve a better spatial allocation of gridded
on-road emissions, along with a vehicular density map in a GIS
environment. The emissions data presented in this work will not only help in
improving the simulated distribution of air pollutants in chemical transport
models, but can also be used for air quality management in planning related
mitigation strategies.

Inter-annual variability of aerosols and its relationship with regional
climate over Indian subcontinent
S. D. Sanap and G. Pandithurai
Source: INTERNATIONAL JOURNAL OF CLIMATOLOGY Int. J. Climatol. (2014)
Published online in Wiley Online Library (wileyonlinelibrary.com) DOI:
10.1002/joc.4037
The spatio-temporal variability of aerosols over Indian subcontinent is mainly
due to transported dust from adjacent deserts (Thar and Middle East
deserts), local emission due to anthropogenic activities and prevailing
meteorological conditions. On large scale, the quantification of transported
and locally emitted aerosol from these regions is complicated. Here, we used
empirical orthogonal function (EOF) analysis to identify these regions and
their variability by using 33 years of Total Ozone Monitoring Spectrometer
(TOMS) satellite data. The maximum variability in aerosol is explained by
first two EOF modes (70.31 and 20.57%) over Indian subcontinent. The
major aerosol, i.e. transported dust from adjacent deserts confined to NW
India and Pakistan, is observed in first leading mode, whereas biomass
burning, industrial and dense populated region of southeast and eastern
region of the Indo-Gangetic Plain (IGP) are revealed in the second
dominant mode. The EOF analysis is carried out specifically for the premonsoon and monsoon seasons over Indian subcontinent as maximum
aerosol loading is observed during this period. The region of NW India, IGP,
Pakistan and northern Arabian Sea explains maximum variability in both
seasons. The first three leading modes and their relationship with different
atmospheric and surface variables are carried out for pre-monsoon and
monsoon seasons. This study explains the potential role of aerosols on
reduction in cloudiness, increased shortwave at the ground, land-surface
tropospheric warming and its feedback to other related processes. This study
strongly suggests that there is a need for further appropriate observational as
well as modelling study on the role of semi-direct aerosol effect over Indian
subcontinent
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Characterisation of Atmospheric Aerosol by SEM-EDX and
IonChromatography Techniques for Eastern Indo-Gangetic Plain
Location, Varanasi, India
A.K. Singh1 , M. K. Srivastava , Meenakshi Singh , A. Srivastava , Sarvan
Kumar , Shani Tiwari , B. P. Singh , D. S. Bisht , and Suresh Tiwari
Source: International Journal of Advances in Earth Sciences, 3, July 2014, 4151
Atmospheric aerosol consists of both natural and anthropogenic origin. Studies
have shown that continuous exposure to these particles is associated with a
high percentage of death from respiratory and cardiovascular disease. In the
present study, we have first time used both SEM-EDX analysis as well as
chemical analysis to understand the differences in morphology and elemental
composition of aerosols sample from a suburban clean and green area of
Banaras Hindu University campus and some much polluted urban areas of
the Varanasi city situated in the eastern Indo-Gangetic plain. The analysis
was done by using scanning electron microscope (SEM) coupled with
energy dispersive X-ray microanalyzer (EDX) and ionchromatography (IC).
Analyses show that C, Ca, Na, S, Si, Al have dominated the samples. The
concentration for urban areas of city were more than the pollution of
suburban area and followed the trend as Na+ > SO4 2- > Ca2+ > Cl> Mg2+ > NO3 - > K+ > HCO3 + > F- , where as for suburban area
showed the trend as Na+ > SO4 2- > NO3 - > Ca2+ > Cl- > Mg2+
> K+ > HCO3 + > F- . This shows that more polluted urban areas were
dominated by soil-dust generated due to heavy traffic movement and
construction/industries.
To
establish
differences
among
sites
more
measurements are necessary in different meteorological conditions.

Radiative Impact of Fireworks at a Tropical Indian Location: A Case
Study
B. P. Singh, A. K. Srivastava,2S. Tiwari, S. Singh, R. K. Singh, D. S. Bisht, D.
M. Lal, A. K. Singh, R. K. Mall, and Manoj K. Srivastava
Source: Advances in Meteorology Volume 2014, Article ID 197072, 8 pages
http://dx.doi.org/10.1155/2014/197072
During Diwali festival, extensive burning of crackers and fireworks is made.
Weeklong intensive observational campaign for aerosol study was carried out
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at a representative urban location in the eastern Indo-Gangetic Plain (IGP),
Varanasi (25.3∘ N, 83.0∘ E), from October 29 to November 04, 2005
(Diwali on November 01, 2005), to investigate behavioral change of
aerosol properties and radiative forcing between firework affected and
nonaffected periods. Results show a substantial increase (∼27%) in aerosol
optical depth, aerosol absorption coefficients, and aerosol scattering
coefficients during affected period as compared to non-affected periods.
Magnitudes of radiative forcing at top of atmosphere during affected and
non-affected periods are found to be +10 ± 1 and +12 ± 1 Wm−2,
respectively, which are −31 ± 7 and −17 ± 5 Wm−2, respectively, at
surface. It suggests an additional cooling of ∼20% at top of atmosphere,
∼45% cooling at surface, and additional atmospheric heating of 0.23 Kday−1
during fireworks affected period, which is ∼30% higher than the non-affected
period average.

Climatic response of various tree ring parameters of fir (Abies pindrow)
from Chandanwadi in Jammu and Kashmir, western Himalaya, India
Somaru Ram and H. P. Borgaonkar
Source: Current Science, 106, June 2014, 1568-1577
Total ring width (TRW) and earlywood width (ERW) of fir (Abies
pindrow) compared to latewood width (LRW) are strongly correlated with
Palmer Drought Severity Index (PDSI) during summer season (March to
October). Correlation coefficients for the period 1876–1948 between PDSI
and TRW as well as ERW are 0.43 and 0.50 respectively, which is found
to be significant at 0.01% level. Thereafter, their relationship weakened as
temperature changed over the region, whereas maximum latewood density
(MXD) reveals significant negative association with PDSI during summer
season. Moreover, monthly mean, maximum and minimum temperatures
during August to September of the region indicate significant positive
response with MXD. Correlation coefficients of MXD with mean, maximum
and minimum temperatures are 0.60, 0.61 and 0.51 respectively, which is
significant at 0.01% level. There is also high temporal stability in the
relationship between MXD and temperature from 1916 onwards over the
region.

Global warming and the weakening of the Asian summer monsoon
circulation: assessments from the CMIP5 models
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K. P. Sooraj · Pascal Terray · M. Mujumdar
Source: Climate Dynamics, online, August 2014, DOI:10.1007/s00382-0142257-7, 1-20
The evolution of the Asian summer monsoon (ASM) in a global warming
environment is a serious scientific and socio-economic concern since many
recent studies have demonstrated the weakening nature of large-scale
tropical circulation under anthropogenic forcing. But, how such processes
affect the ASM circulation and rainfall is still a matter of debate. This study
examines the climate model projections from a selected set of Coupled
Model Inter-comparison Project 5 (CMIP5) models to provide a unified
perspective on the future ASM response. The results indicate a robust
reduction in the large-scale meridional gradient of temperature (MGT) at
upper levels (200 hPa) over the ASM region, associated with enhanced
ascendance and deep tropospheric heating over the equatorial Pacific in the
future climate. The differential heating in the upper troposphere, with
concomitant increase (decrease) in atmospheric stability (MGT), weakens
the ASM circulation, promotes a northward shift of the monsoon circulation
and a widening of the local Hadley cell in the eastern Indian sector. An
examination of the water vapour budget indicates the competing effects of
the thermodynamic (moisture convergence) and dynamics processes
(monsoon circulation) on future ASM rainfall changes. The former
component wins out over the later one and leads to the intensification of
Indian monsoon rainfall in the CMIP5 projections. However, the diagnostics
further show a considerable offset due to the dynamic component.

Boundary layer aerosol characteristics at Mahabubnagar during
CAIPEEX-IGOC: Modeling the optical and radiative properties
A.K. Srivastava , D.S. Bisht, S. Tiwari
Source: Science of the Total Environment, 468-469, January 2014,
DOI:10.1016/j.scitotenv.2013.09.039, 1093–1102
An Integrated Ground Observational Campaign (IGOC) was conducted at
Mahabubnagar — a tropical rural station in the southern peninsular India,
under the Cloud Aerosol Interaction and Precipitation Enhancement Experiment
(CAIPEEX) program during the period from July to November 2011.
Measured chemical composition and carbonaceous aerosols from PM2.5
samples were used in an aerosol optical model to deduce crucial aerosol
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optical properties, which were then used in a radiative transfer model for
radiative forcing estimations. The model derived aerosol optical depth (AOD
at 500 nm), varied from 0.13 to 0.76 (mean of 0.40 ± 0.18) whereas
Ångström exponent (AE) between 0.10 and 0.65 (mean of 0.33 ± 0.17)
suggests relative dominance of coarse particles over the station. On the
other hand, single scattering albedo (SSA at 500 nm) was found to vary
from 0.78 to 0.92 (mean of 0.87 ± 0.04) during the measurement
period. The magnitude of absorption Ångström exponent (AAE), varied from
0.83 to 1.33 (mean of 1.10 ± 0.15), suggests mixed type aerosols over
the station. Aerosol direct radiative forcing was estimated and found to vary
from −8.9 to −49.3 W m−2 (mean of −27.4 ± 11.8 W m−2 ) at the
surface and +9.7 to +44.5 W m−2 (mean of +21.3 ± 9.4 W m−2 ) in
the atmosphere during the course of measurements. The atmospheric forcing
was observed to be ~30% higher during October (+29 ± 9 W m−2 ) as
compared to August (+21 ± 7 W m−2 ) when the station is mostly
influenced by continental polluted aerosols. The result suggests an additional
atmospheric heating rate of 0.24 K day−1 during October, which may be
crucial for various boundary layer processes in favorable atmospheric
conditions.

Characterization of carbonaceous aerosols over Delhi in Ganga basin:
seasonal variability and possible sources
A. K. Srivastava & D. S. Bisht & K. Ram & S. Tiwari & Manoj K. Srivastava
Source: Environmental Science and Pollution Research, online, April 2014,
DOI:10.1007/s11356-014-2660-y, 1-10
The mass concentration of carbonaceous species, organic carbon (OC), and
elemental carbon (EC) using a semi continuous thermo-optical EC-OC
analyzer, and black carbon (BC) using an Aethalometer were measured
simultaneously at an urban mega city Delhi in Ganga basin from January
2011 to May 2012. The concentrations of OC, EC, and BC exhibit seasonal
variability, and their concentrations were ∼2 times higher during winter (OC
38.1±17.9 μg m−3, EC 15.8±7.3 μg m−3, and BC 10.1±5.3 μg m−3)
compared to those in summer (OC 14.1±4.3 μg m−3 , EC 7.5±1.5 μg
m−3 , and BC 4.9±1.5 μg m−3 ). A significant correlation between OC
and EC (R=0.95, n=232) indicate their common emission sources with
relatively lower OC/EC ratio (range 1.0–3.6, mean 2.2±0.5) suggests
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fossil fuel emission as a major source of carbonaceous aerosols over the
station. On average, mass concentration of EC was found to be ∼38 %
higher than BC during the study period. The measured absorption coefficient
(babs) was significantly correlated with EC, suggesting EC as a major
absorbing species in ambient aerosols at Delhi. Furthermore, the estimated
mass absorption efficiency (σabs) values are similar during winter (5.0±1.5
m2 g−1) and summer (4.8± 2.8 m2 g−1). Significantly high aerosol
loading of carbonaceous species emphasize an urgent need to focus on air
quality management and proper impact assessment on health perspective in
these regions.

Variability in radiative properties of major aerosol types: A year-long
study over Delhi—An urban station in Indo-Gangetic Basin
A.K. Srivastava , V. Yadav , V. Pathak , Sachchidanand Singh , S. Tiwari ,
D.S. Bisht , P. Goloub
Source: Science of the Total Environment, 437-47, March 2014,
DOI:10.1016/j.scitotenv.2013.12.064, 659–666
Aerosol measurements over an urban site at Delhi in the western Ganga
basin, northern India, were carried out during 2009 using a ground-based
automatic sun/sky radiometer to identify their different types and to
understand their possible radiative implications. Differentiation of aerosol types
over the station was made using the appropriate thresholds for sizedistribution of aerosols (i.e. fine-mode fraction, FMF at 500 nm) and
radiation absorptivity (i.e. single scattering albedo, SSA at 440 nm). Four
different aerosol types were identified, viz., polluted dust (PD), polluted
continent (PC), mostly black carbon (MBC) and mostly organic carbon
(MOC), which contributed ~48%, 32%, 11% and 9%, respectively to the
total aerosols. Interestingly, the optical properties for these aerosol types
differed considerably, which were further used, for the first time, to quantify
their radiative implications over this station. The highest atmospheric forcing
was observed for PC aerosol type (about +40 W m−2, along with the
corresponding atmospheric heating rate of 1.10 K day−1); whereas the
lowest was for MBC aerosol type (about +25 W m−2, along with the
corresponding atmospheric heating rate of 0.69 K day−1).

Simultaneous measurements of black carbon and PM2.5, CO, and NOx
variability at a locally polluted urban location in India
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S. Tiwari • D. S. Bisht • A. K. Srivastava • O¨ rjan Gustafsson
Source: Natural Hazards, online, September 2014, DOI:10.1007/s11069-0141351-9, 1-17
Black carbon, which is a by-product of incomplete combustion of carbon
containing fuels, can alter atmospheric radiation property and make adverse
impacts on human health. This paper shows the comparative study of
particles and associated gaseous pollutants measurements at five
observatories dispersed across central part of megacity Delhi, India, with
high-temporal resolution (5 min) measurements. The mean ± SD
concentrations of black carbon (BC), fine particles (PM2.5), carbon
monoxide (CO), and oxides of nitrogen (NOx) of the all five stations
were 13.4 ± 10, 149.6 ± 109 lg m-3 , 3.4 ± 2 ppm, and 81.8 ± 79
ppb, respectively. The mean mass concentration of PM2.5 was approximately
four times and ten times in excess of annual average standards of Indian
air quality (40 lg m-3 ) and USEPA (15 lg m-3 ) levels. Highest BC
mass concentrations were recorded during winter (December) due to
consistent with a shallower atmospheric boundary layer, lower wind speeds,
and possibly larger biofuel burning in the coldest period. Also, the strong
diurnal dynamics in boundary layer height had a large impact on the
ground-level concentrations of all the pollutants. A significant difference in
the emissions of atmospheric pollutants was observed over Delhi during
weekdays and weekends during study period. There was a strong diurnal
effect on BC and the other pollutants, presumably with mixing height as a
strong driver. The 24-h cycle is characterized throughout the study by
maximum concentrations around midnight and lowest concentrations at 1500–
1700 hours local time (LT), with a local maximum between 0800 and
1000 hours LT, presumably due to morning rush hour. While the amplitude
of the BC excursion was a factor of 2–3, the mixing height decreased by a
factor of 12–14 from day to night. This monitoring program contributed to
insights into the levels and dynamics of atmospheric pollutants in the New
Delhi megacity over a 5-month period. The concentrations are varying over
several timescales, consistent with both atmospheric mixing and variations in
presumed emission source strengths.

Variability in atmospheric particulates and meteorological effects on
their mass concentrations over Delhi, India
S. Tiwari , D.S. Bisht , A.K. Srivastava , A.S. Pipal , A. Taneja , M.K.
Srivastava , S.D. Attri
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Source: Atmospheric Research, 145-146, September 2014,
DOI:10.1016/j.atmosres.2014.03.027, 45-56
Simultaneous and continuous measurements of PM2.5 and PM10 along with
other co-existent pollutants viz., black carbon (BC), CO, NO and NOx
were carried out over Delhi with high resolution (5 min) datasets from 1st
Sept. 2010 to 23rd Aug. 2012. Arithmetic mean mass concentrations of
PM2.5 and PM10 were about 130 ± 103 and 222 ± 142 μg m−3
respectively during the entire measurement period, which are considerably
higher than the annual averages of PM2.5 and PM10, stipulated by the
National and International standards. It was noticed that the fine mode
particles (PM2.5) were higher than the coarse mode particles (PM10–2.5)
during post-monsoon (~89%), winter (~69%) and monsoon (~64%)
periods; however, PM10–2.5 was higher (~22%) than PM2.5 during
summer. Arithmetic mean mass concentrations of BC, CO, NO and NOx
were about 7 ± 5 μg m−3 , 2 ± 1 ppm, 17 ± 17 ppb and 30 ± 24
ppb, respectively. In the present study, highest fraction of BC (~6%) in
PM2.5 mass was in winter, whereas the lowest fraction (~4%) was in
summer. Relationships among PMs (particulate matters) and other pollutants
indicated that the fine mode particles are highly correlated with BC (0.74)
and CO (0.51). The effects of meteorological parameters on aerosols have
been studied and a significant negative relationship (−0.45) between mixing
height (MH) and PM2.5 has been noticed. Higher correlation was during
winter (−0.55), however lower was in summer (−0.16). Relation between
visibility (VIS) and PM2.5 was higher during post-monsoon (−0.85) and
winter (−0.78) when the visibility was around 2 km; however, it was
relatively less correlated when VIS was greater than 2 km during summer
and monsoon. Relationship between PM2.5 and relative humidity (RH)
showed a significant negative correlation (−0.56) for the entire study
period. A positive correlation (0.32) was observed during the winter period
with fine mode particles whereas negative correlation was seen with coarse
mode particles during monsoon (−0.70) and summer (−0.51).

Aerosol optical properties and their relationship with meteorological
parameters during wintertime in Delhi, India
S. Tiwari a, G. Pandithurai , S.D. Attri , A.K. Srivastava , V.K. Soni , D.S.
Bisht , V. Anil Kumar , Manoj K. Srivastava
Source: Atmospheric Research, online, October 2014,
DOI:10.1016/j.atmosres.2014.10.003, 1-15
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In situ and columnar measurements of aerosol optical properties (AOPs)
[Aerosol optical depth (AOD), Angstrom Exponent (AE), Aerosol scattering
(σscat) and absorption (σabs) coefficients and single scattering albedo
(SSA)] along with soot particles (Black carbon: BC) and fine particles
(PM2.5: d ≤2.5) were continuously measured at an urban site in Delhi,
India during winter period (December 2011 to March 2012). Average values
of AOD, σscat, σabs, and SSA at 500 nm; and AE for the observation
period were found to be 0.95 ± 0.32, 1027.36 ± 797.1 Mm−1 , 85.95 ±
73.2 Mm−1 and 0.93 ± 0.03; and 0.94 ± 0.19, respectively. Higher
values of σscat and σabs were occurred in the month of December (1857
and 148 Mm−1 ) while relatively lower values of σscat (585 Mm−1 ) and
σabs (44 Mm−1 ) were occurred in March and February respectively. SSA,
however, was higher during January (0.94) and lower in March (0.89).
The mass concentration of PM2.5 and BC were 195.34 ± 157.99 and
10.11 ± 8.83 μg m−3 respectively during study period. Bimodal distributions
were observed in σscat and σabs coefficients during 0800 and 0900 h LT
(traffic rush hours) and at 2200 and 2300 h LT (low boundary layer
conditions) with lower values during daytime between 1500 and 1700 h LT,
respectively. The σscat peak in morning may be attributed to large emissions
of aerosol in the traffic rush hours and production of secondary aerosols with
increasing solar radiation and temperature. During study period, the σscat
(mean) coefficient was 13% lower during daytime as compared to nighttime.
An interesting feature was seen in monthly analysis of σscat in between day
and nighttime which was 18% and 22% higher in December and January in
nighttime however ~4% lower during February and March; it is due to effect
of local meteorology. The impact of meteorological parameters such as wind
speed (WS), wind direction (WD), visibility (VIS) and mixed layer depths
(MLDs) on AOPs along with fine and soot particles were studied. A clear
negative significant correlation between atmospheric visibility with σscat
(−0.64); σabs (−0.57) and PM2.5 (−0.56) were observed. During
foggy days (VIS ≤1000 m), the AOPs, fine and soot particles were
substantially (~1.8 times) higher as compared to clean days, however, it
was ~2.3 times higher during dense foggy days (VIS ≤500 m). Similarly
higher (~2 times) AOPs and aerosol concentrations were also seen below
200 m MLDs. In addition to this, ~4 times higher AOPs and aerosol mass
concentrations were observed when WS was below 1 m/s. In view of the
above results and regression analysis, we can say that the meteorological
parameters play a crucial role in enhancement of aerosols at ground level
during winter period over Delhi.
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Determination of wood burning and fossil fuel contribution of black
carbon at Delhi, India using aerosol light absorption technique
S. Tiwari & A. S. Pipal & A. K. Srivastava & D.S. Bisht & G. Pandithurai
Source: Environmental Science and Pollution Research, online, September
2014, DOI:10.1007/s11356-014-3531-2, 1-10
A comprehensive measurement program of effective black carbon (eBC),
fine particle (PM2.5), and carbon monoxide (CO) was undertaken during
1 December 2011 to 31 March 2012 (winter period) in Delhi, India. The
mean mass concentrations of eBC, PM2.5, and CO were recorded as
12.1±8.7 μg/m3, 182.75±114.5 μg/m3 , and 3.41±1.6 ppm, respectively,
during the study period. Also, the absorption Angstrom exponent (AAE) was
estimated from eBC and varied from 0.38 to 1.29 with a mean value of
1.09±0.11. The frequency of occurrence of AAE was ~17 % less than unity
whereas ~83 % greater than unity was observed during the winter period in
Delhi. The mass concentrations of eBC were found to be higher by ~34 %
of the average value of eBC (12.1 μg/m3) during the study period.
Sources of eBC were estimated, and they were ~94 % from fossil fuel
(eBCff) combustion whereas only 6 % was from wood burning (eBCwb).
The ratio between eBCff and eBCwb was 15, which indicates a higher
impact from fossil fuels compared to biomass burning. When comparing eBCff
during day and night, a factor of three higher concentrations was observed
in nighttime than daytime, and it is due to combustion of fossil fuel (diesel
vehicle emission) and shallow boundary layer conditions. The contribution of
eBCwb in eBC was higher between 1800 and 2100 hours due to burning of
wood/biomass. A significant correlation between eBC and PM2.5 (r=0.78)
and eBC and CO (r=0.46) indicates the similarity in location sources. The
mass concentration of eBC was highest (23.4 μg/m3) during the month of
December when the mean visibility (VIS) was lowest (1.31 km).
Regression analysis among wind speed (WS), VIS, soot particles, and CO
was studied, and significant negative relationships were seen between VIS
and eBC (−0.65), eBCff (−0.66), eBCwb (−0.34), and CO (−0.65);
however, between WS and eBC (−0.68), eBCff (−0.67), eBCwb
(−0.28), and CO (−0.53). The regression analysis indicated that emission
of soot particles may be localized to fossil fuel combustion, whereas
wood/biomass burning emission of black carbon is due to transportation from
farther distances. Regression analysis between eBCff and CO (r=0.44)
indicated a similar source as vehicular emissions. The very high loading of
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PM2.5 along with eBC over Delhi suggests that urgent action is needed to
mitigate the emissions of carbonaceous aerosol in the northern part of India.

Impacts of the high loadings of primary and secondary aerosols on light
extinction at Delhi during wintertime
S. Tiwari a , A.K. Srivastava a,*, D.M. Chate b , P.D. Safai b , D.S. Bisht a ,
M.K. Srivastava c , G. Beig b
Source: Atmospheric Environment, 92, July 2014,
DOI:10.1016/j.atmosenv.2014.03.064,60-68
High emissions of anthropogenic aerosols over Indo-Gangetic Plain (IGP)
inspired continuous measurements of fine particles (PM2.5), carbonaceous
aerosols (BC, OC and EC), oxides of nitrogen (NOx) and estimation of
light extinction (bext) and absorption (babs) coefficients over Delhi during
high pollution season in winter from December 2011 to March 2012. During
study period, the mass concentrations of PM2.5, BC and NOx were 186.5
149.7 mg m3 , 9.6 8.5 mg m3 and 23.8 16.1 ppb, respectively. The
mass concentrations of OC and EC were studied by two different techniques
(i) off-line (gravimetric method) and (ii) semi-continuous (optical
method) and their mean mass concentrations were 51.1 15.2, 10.4 5.5 mg
m3 and 33.8 27.7, 8.2 6.2 mg m3 , respectively during the study period.
The ratios of mass concentration of OC to EC in both cases were in
between 4 and 5. The source contribution of carbonaceous aerosols in
PM2.5 estimated over 24hrs, during day- and night-time where motor
vehicles accounted for w69%, 90% and 61% whereas coal combustion
accounted for w31%, 10% and 39%, respectively. The estimated mean values
of bext and babs over the station were 700.0 268.6 and 71.7 54.6 Mm1,
respectively. In day and night analysis, bext is w37% higher during nighttime (863.4 Mm1) than in day-time (544.5 Mm1). Regression analysis
between bext and visibility showed significant negative correlation (r ¼
0.85). The largest contribution in the light extinction coefficients was found
to be due to organic carbon (w46%), followed by elemental carbon
(w24%), coarse mode particles (w18%), ammonium sulfate (w8%) and
ammonium nitrate (w4%). The individual analysis of light extinction due to
chemical species and coarse mode particles indicates that scattering type
aerosols dominated by w76% over the absorbing type. The aforementioned
results suggest that the policyinduced control measures at local administration
level are needed to mitigate the excess emissions of carbonaceous aerosols
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over IGP region which ranks highest in India and elsewhere in worldwide.
Crown C

Anomalous features of mid-tropospheric CO2 during Indian summer
monsoon drought years
Yogesh K. Tiwari, J.V. Revadekar, K. Ravi Kumar
Source: Atmospheric Environment, 99, December 2014,
DOI:10.1016/j.atmosenv.2014.09.060, 94-103
In this study, we have examined the impact of droughts on the atmospheric
CO2 spatial variability and changes its emission scenario over India. Surface
monitoring over India is very sparse and have started recently. Satellite
retrievals from AIRS/Aqua during 2004e2011 are used here to understand
CO2 variability over India. During recent decade, Indian region witnessed two
drought years 2004 and 2009 and no flood. Year 2009 was mega drought
for India ever seen, when actual rainfall was approx 23% below the mean
rainfall over most part of India. Satellite retrieved mid-tropospheric CO2
indicates increase of about 3 ppm during summer monsoon drought.
Enhanced impact of drought conditions is also seen on subsequent seasons,
winter (JF) and hot pre-monsoon season (MAM). Post-monsoon season
(OND) does not show any clear impact, as rainfall during this season has
its own variability quite different than summer monsoon (JJAS) may be
compensating changes in CO2 values. Decrease in vegetation and weak
circulation patterns during drought conditions may have influences on
distribution of CO2 over Indian region.

Influence of monsoons on atmospheric CO2 spatial variability and
ground-based monitoring over India
Yogesh K. Tiwari a, Ramesh K. Vellore, K. Ravi Kumar, Marcel van der Schoot ,
Chun-Ho Cho
Source: Science of The Total Environment, 490, August 2014, 570-578
This study examines the role of Asian monsoons on transport and spatial
variability of atmospheric CO2 over the Indian subcontinent, using transport
modeling tools and available surface observations from two atmospheric CO2
monitoring sites Sinhagad (SNG) and Cape Rama (CRI) in the western
part of peninsular India. The regional source contributions to these sites
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arise from the horizontal flow in conduits within the planetary boundary layer.
Greater CO2 variability, greater than 15 ppm, is observed during winter,
while it is reduced nearly by half during summer. The SNG air sampling
site is more susceptible to narrow regional terrestrial fluxes transported from
the Indo-Gangetic Plains in January, and to wider upwind marine source
regions from the Arabian Sea in July. The Western Ghats mountains appear
to play a role in the seasonal variability at SNG by trapping polluted air
masses associated with weak monsoonal winds. A Lagrangian back-trajectory
analysis further suggests that the horizontal extent of regional sensitivity
increases from north to south over the Indian subcontinent in January
(Boreal winter).

Impact of meteorological parameters on the development of fine and
coarse particles over Delhi
Dinesh Kumar Trivedi , Kaushar Ali, Gufran Beig
Source: Science of The Total Environment, 478, April 2014, 175-183
Measurements of ambient particulate matters (viz., PM10 and PM2.5) were
made with an hourly sampling frequency at Indian Institute of Tropical
Meteorology (IITM), New Delhi Branch (a residential area) during a period
from December 2010 to November 2011. The data so generated were
analyzed to understand frequency distribution of their concentrations and the
impact of meteorological parameters on the distribution of particulate matters
on different time scales. It is found that the particulate matters with cut off
aerodynamic diameter of 10 μm (PM10) preferentially occurred in the
concentration range of 301–350 μg/m3 during winter and post-monsoon,
251–300 μg/m3 during summer and 51–100 μg/m3 during monsoon
season. The particulate matters with cut off aerodynamic diameter of 2.5 μm
(PM2.5) preferentially occurred in the concentration range of 201–250
μg/m3 during winter and 51–100 μg/m3 during the remaining seasons. The
concentration of particulate matters (PM10 and PM2.5) remained always
above the National Ambient Air Quality Standards (NAAQS) except during
monsoon season. Annual distribution of the concentration of particulate
matters showed seasonality with maximum in winter and minimum in
monsoon season. Diurnal variation of PM10 and PM2.5 showed bimodal
distribution with one maximum in the forenoon and the other at around midnight. The observed seasonality and diurnal variability in the distribution are
attributed mainly to the meteorology.
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A global assessment of precipitation chemistry and deposition of sulfur,
nitrogen, sea salt, base cations, organic acids, acidity and pH, and
phosphorus
Robert Vet , Richard S. Artz , Silvina Carou , Mike Shaw , Chul-Un Ro ,
Wenche Aas , Alex Baker , Van C. Bowersox , Frank Dentener , Corinne GalyLacaux , Amy Hou , Jacobus J. Pienaar , Robert Gilletti , M. Cristina Forti ,
Sergey Gromov , Hiroshi Hara , Tamara Khodzher , Natalie M. Mahowald ,
Slobodan Nickovic , P.S.P. Rao , Neville W. Reid
Source: Atmospheric Environment, 93 (Spe.Iss.), August 2014,
DOI:10.1016/j.atmosenv.2013.10.060, 3-100
A global assessment of precipitation chemistry and deposition has been
carried out under the direction of the World Meteorological Organization
(WMO) Global Atmosphere Watch (GAW) Scientific Advisory Group for
Precipitation Chemistry (SAG-PC). The assessment addressed three
questions: (1) what do measurements and model estimates of precipitation
chemistry and wet, dry and total deposition of sulfur, nitrogen, sea salt,
base cations, organic acids, acidity, and phosphorus show globally and
regionally? (2) has the wet deposition of major ions changed since 2000
(and, where information and data are available, since 1990) and (3)
what are the major gaps and uncertainties in our knowledge? To that end,
regionally-representative measurements for two 3-year-averaging periods,
2000e2002 and 2005e2007, were compiled worldwide. Data from the
2000e2002 averaging period were combined with 2001 ensemble-mean
modeling results from 21 global chemical transport models produced in Phase
1 of the Coordinated Model Studies Activities of the Task Force on
Hemispheric Transport of Air Pollution (TF HTAP). The measurement data
and modeling results were used to generate global and regional maps of
major ion concentrations in precipitation and deposition. A major product of
the assessment is a database of quality assured ion concentration and wet
deposition data gathered from regional and national monitoring networks. The
database is available for download from the World Data Centre for
Precipitation Chemistry (http://wdcpc.org/). The assessment concludes that
global concentrations and deposition of sulfur and nitrogen are reasonably
well characterized with levels generally highest near emission sources and
more than an order of magnitude lower in areas largely free of
anthropogenic influences. In many parts of the world, wet deposition of
reduced nitrogen exceeds that of oxidized nitrogen and is increasing. Sulfur
and nitrogen concentrations and deposition in North America and Europe
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have declined significantly in line with emission reduction policies. Major
regions of the world, including South America, the more remote areas of
North America, much of Asia, Africa, Oceania, polar regions, and all of the
oceans, are inadequately sampled for all of the major ions in wet and dry
deposition, and particularly so for phosphorus, organic forms of nitrogen, and
weak acids including carbonates and organic acids. Measurement-based
inferential estimates of dry deposition are limited to sulfur and some nitrogen
in only a few regions of the world and methods are highly uncertain. The
assessment concludes with recommendations to address major gaps and
uncertainties in global ion concentration and deposition measurements.

Optical exploration of biomass burning aerosols over a high-altitude
station by combining ground-based and satellite data
K. Vijayakumar, P.C.S. Devara
Source: Journal of Aerosol Science, 72, June 2014,
DOI:10.1016/j.jaerosci.2014.01.008, 1-13
Biomass burning activity captured the attention of the scientific community
because of its significant impact on global climate change. In this paper, we
present the results of a study of variations in aerosol optical, microphysical
and radiative properties during biomass burning at an high-altitude rural
station, Sinhagad (18121'N, 73145'E, 1450 m AMSL), employing groundbased observations of MICROTOPS-II and short-wave (SW) Pyranometer,
as well as satellite (MODIS) measurements of AOD during 28 April 2011–
06 May 2011. Vertically resolved feature mask images from CALIPSO during
night-time on available days are utilized as an additional tool to monitor the
smoke/dust vertical distributions. A prominent smoke/dust layer is observed
between 2 and 4 km altitude, whereas the CALIPSO observations of the
vertical profile of aerosols are in qualitative agreement with the values of
MODIS-AOD550 nm. During the smoke/dust event, a drastic increase
(0.9) in Terra/Aqua MODIS AOD550 nm is observed. Satellite data
indicate a longrange transport of aerosol particles from Indo-Gangetic Plains
(IGP) over large regions. The observed short-wave solar flux at the bottom
of the atmosphere (BOA) is found to decrease due to aerosol extinction
and was found to be 25 and 16 Wm2 for the aerosol-laden days and
normal days, respectively. In addition, the transport of a widespread forest
fire plume is observed across the country as evidenced by the MODIS
imagery and HYSPLIT back trajectories. The observed features are also
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explained on the basis of the results from the NCEP/NCAR and ECMWF
re-analysis data.

The linkages of anthropogenic emissions and meteorology in the rapid
increase of particulate matter at a foothill city in the Arawali range of
India
Ravi Yadav , G. Beig , S.N.A. Jaaffrey
Source: Atmospheric Environment, 85, March 2014,
DOI:10.1016/j.atmosenv.2013.09.007, 147-151
The city of Udaipur (24.58N, 73.68E) in the province of Rajasthan in the
Western part of India has a special significance as it is surrounded by the
Arawali mountain ranges on one side and desert on the other side. It is
located around the foothills of the rocky Arawali range. It is on the world
map due to its tourist attraction. The changing pattern in particulate matter
(PM2.5 and PM10) during the past three years indicates an alarming
increasing trend, posing a threat to its environment & tourism sector which
regulates its economy to a period during the monsoon and distribution of
particulate matter is found to be governed by the meteorology and changes
the trend. The level of PM10, which was already above the threshold level
in 2010, further increased in 2012. The trend is found to be rapid during
the months of October & November where an increase by 37% is observed
in 3 years. The level of PM2.5, which is the most hazardous for respiratory
system diseases, has now started to cross the ambient air quality standards
set by the World Health Organization. The impact is significant during winter
when the inversion layer is down due to colder temperature and foreign
tourists are a peak giving rise an increased morbidity rate. The linkages of
local weather with an anthropogenically induced trend and long range
transport of pollutants have been outlined.

The Discoloration of the Taj Mahal due to Particulate Carbon and Dust
Deposition
M. H. Bergin, S. N. Tripathi, J. Jai Devi, T. Gupta, M. Mckenzie, K. S. Rana, M.
M. Shafer, Ana M. Villalobos, and J. J. Schauer
Source: Environ. Sci. Technol., Article ASAP DOI: 10.1021/es504005q
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The white marble domes of the Taj Mahal are iconic images of India that
attract millions of visitors every year. Over the past several decades the
outer marble surfaces of the Taj Mahal have begun to discolor with time
and must be painstakingly cleaned every several years. Although it has been
generally believed that the discoloration is in some way linked with poor air
quality in the Agra region, the specific components of air pollution
responsible have yet to be identified. With this in mind, ambient particulate
matter (PM) samples were collected over a one-year period and found to
contain relatively high concentrations of light absorbing particles that could
potentially discolor the Taj Mahal marble surfaces, that include black carbon
(BC), light absorbing organic carbon (brown carbon, BrC), and dust.
Analyses of particles deposited to marble surrogate surfaces at the Taj
Mahal indicate that a large fraction of the outer Taj Mahal surfaces are
covered with particles that contain both carbonaceous components and dust.
We have developed a novel approach that estimates the impact of these
deposited particles on the visible light surface reflectance, which is in turn
used to estimate the perceived color by the human eye. Results indicate
that deposited light absorbing dust and carbonaceous particles (both BC and
BrC from the combustion of fossil fuels and biomass) are responsible for
the surface discoloration of the Taj Mahal. Overall, the results suggest that
the deposition of light absorbing particulate matter in regions of high aerosol
loading are not only influencing cultural heritage but also the aesthetics of
both natural and urban surfaces.

Carbonaceous aerosols in a wood burning community in rural New
Zealand
Travis Ancelet, Perry K. Davy, William J. Trompetter, Andreas Markwitz and
David C. Weatherburn
Source: Atmospheric Pollution Research 4 (2013) 245‐249
Particulate matter (PM) in Masterton, New Zealand, a rural community with
a population of 20000, was studied during the winter to gain an
understanding of the carbonaceous species and their influence on PM
concentrations. The average PM 10 concentration during the winter was
21.0±14.8 μg m –3 , of which 64% was PM 2.5. PM 2.5 concentrations
were found to be the main cause of elevated PM 10 concentrations, and
were responsible for exceedances of the New Zealand National Environmental
Standard for PM 10 . Carbonaceous species were 47 and 77% of the total
PM 10 and PM 2.5 , respectively. Organic carbon (OC) concentrations
64

were always higher than elemental carbon (EC) concentra tions. OC and
EC concentrations showed excellent correlation with PM 2.5 concentrations,
suggesting that combustion processes were the dominant source of PM.
Stable isotope analysis yielded δ 13 C values ranging from –24.9 to –
27.6‰, which is indicative of wood combustion. Analysis of particle–phase
PAHs by thermal desorption GC/MS yielded an average total PAH
concentration of 38.9±25.9 ng m –3 , accounting for 0.3% of the PM 2.5
. Analysis of all of the results revealed that residential wood burning for
domestic heating was the main source of PM pollution in Masterton. The
results of this study suggest that a PM 10 standard alone, particularly in
areas where wood combustion is common, may not be providing an
adequate level of protection for the exposed population.

Development of aerosol wind tunnel and its application for evaluating
the performance of ambient PM 10 inlets
Sangil Lee, Miae Yu,Hun and H. Kim
Source: Atmospheric Pollution Research 4 (2013) 323–328doi:
10.5094/APR.2013.036
Size selective particulate matter (PM) sampling inlets play an important role
in ambient PM measurement. Improper design of the sampling inlets results
in collecting of PM with undesired size, which leads to significant errors in
the measurement of ambient PM concentrations. Therefore, the performance
of PM inlets should be carefully evaluated in a proper environment prior to
their field of applications. In this study, a new aerosol wind tunnel system
was designed to evaluate the performance of ambient PM 10 inlets and
evaluated for the uniformity of wind speed distribution and aerosol
concentration. In addition, a custom–made PM 10 inlet was tested in the
aerosol wind tunnel to determine its 50% cutoff diameter. Results of the
wind speed distributions show that the percentage deviations from the mean
wind speeds at any measurement point are less than 10% with turbulence
intensity of less than 5% for three different wind speed levels (0.57 m/s,
2.22 m/s, and 6.67 m/s). Results from the aerosol concentration
measurements show that the percentage deviations from the mean aerosol
concentrations at any measurement point are less than 10% for three
different wind speed levels, which meets the aerosol wind tunnel performance
specifications specified by the U.S. Environmental Protection Agency (EPA).
Results from PM 10 inlet performance tests show that the 50% cutoff
diameters of the PM 10 inlet are 10.0 μ m, 10.3 μ m, and 10.0 μ m at
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wind speeds of 0.57 m/s, 2.22 m/s, and 6.67 m/s, respectively. The PM
10 inlet is characterized to meet the performance specifications for PM 10
inlets, 10.0±0.5 μm, specified by the U.S. EPA. The results indicate that
the newly developed aerosol wind tunnel meets the performance requirements
for evaluating the performance of PM 10 size selective inlets.

Projected effect of 2000–2050 changes in climate and emissions on
aerosol levels in China and associated transboundary transport
H. Jiang, H. Liao, H. O. T. Pye, S. Wu, L. J. Mickley, J. H. Seinfeld, and X. Y.
Zhang
Source: Atmos. Chem. Phys., 13, 7937-7960, 2013 www.atmos-chemphys.net/13/7937/2013/ doi:10.5194/acp-13-7937-2013
We investigate projected 2000–2050 changes in concentrations of aerosols in
China and the associated transboundary aerosol transport by using the
chemical transport model GEOS-Chem driven by the Goddard Institute for
Space Studies (GISS) general circulation model (GCM) 3 at 4° × 5°
resolution. Future changes in climate and emissions projected by the IPCC
A1B scenario are imposed separately and together through sensitivity
simulations. Accounting for sulfate, nitrate, ammonium, black carbon (BC),
and organic carbon (OC) aerosols, concentrations of individual aerosol
species change by −1.5 to +0.8 μg m−3, and PM2.5 levels are projected
to change by about 10–20% in eastern China as a result of 2000–2050
change in climate alone. With future changes in anthropogenic emissions
alone, concentrations of sulfate, BC, and OC are simulated to decrease
because of assumed reductions in emissions, and those of nitrate are
predicted to increase because of higher NOx emissions combined with
decreases in sulfate. The net result is a predicted reduction of seasonal
mean PM2.5 concentrations in eastern China by 1–8 μg m−3 (or 10–40%)
over 2000–2050. It is noted that current emission inventories for BC and
OC over China are judged to be inadequate at present. Transboundary
fluxes of different aerosol species show different sensitivities to future
changes in climate and emissions. The annual outflow of PM2.5 from
eastern China to the western Pacific is estimated to change by −7.0%,
−0.7%, and −9.0% over 2000–2050 owing to climate change alone,
changes in emissions alone, and changes in both climate and emissions,
respectively. The fluxes of nitrate and ammonium aerosols from Europe and
Central Asia into western China increase over 2000–2050 in response to
projected changes in emissions, leading to a 10.5% increase in annual inflow
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of PM2.5 to western China with future changes in both emissions and
climate. Fluxes of BC and OC from South Asia to China in spring contribute
a large fraction of the annual inflow of PM2.5. The annual inflow of PM2.5
from South Asia and Southeast Asia to China is estimated to change by
−8%, +281%, and +227% over 2000–2050 owing to climate change alone,
changes in emissions alone, and changes in both climate and emissions,
respectively. While the 4° × 5° spatial resolution is a limitation of the
present study, the direction of predicted changes in aerosol levels and
transboundary fluxes still provides valuable insight into future air quality.

Aerosol indirect effect on warm clouds over South-East Atlantic, from
co-located MODIS and CALIPSO observations
L. Costantino and F.-M. Bréon
Source: Atmos. Chem. Phys., 13, 69-88, 2013 www.atmos-chemphys.net/13/69/2013/ doi:10.5194/acp-13-69-2013
In this study, we provide a comprehensive analysis of aerosol interaction
with warm boundary layer clouds over the South-East Atlantic. We use
aerosol and cloud parameters derived from MODIS observations, together with
co-located CALIPSO estimates of the layer altitudes, to derive statistical
relationships between aerosol concentration and cloud properties. The
CALIPSO products are used to differentiate between cases of mixed cloudaerosol layers from cases where the aerosol is located well-above the cloud
top. This technique allows us to obtain more reliable estimates of the
aerosol indirect effect than from simple relationships based on vertically
integrated measurements of aerosol and cloud properties. Indeed, it permits
us to somewhat distinguish the effects of aerosol and meteorology on the
clouds, although it is not possible to fully ascertain the relative contribution
of each on the derived statistics. Consistently with the results from previous
studies, our statistics clearly show that aerosol affects cloud microphysics,
decreasing the Cloud Droplet Radius (CDR). The same data indicate a
concomitant strong decrease in cloud Liquid Water Path (LWP), which is
inconsistent with the hypothesis of aerosol inhibition of precipitation (Albrecht,
1989). We hypothesise that the observed reduction in LWP is the
consequence of dry air entrainment at cloud top. The combined effect of
CDR decrease and LWP decrease leads to rather small sensitivity of the
Cloud Optical Thickness (COT) to an increase in aerosol concentration. The
analysis of MODIS-CALIPSO coincidences also evidences an aerosol
enhancement of low cloud cover. Surprisingly, the Cloud Fraction (CLF)
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response to aerosol invigoration is much stronger when (absorbing) particles
are located above cloud top than in cases of physical interaction. This result
suggests a relevant aerosol radiative effect on low cloud occurrence:
absorbing particles above the cloud top may heat the corresponding
atmosphere layer, decrease the vertical temperature gradient, increase the
low tropospheric stability and provide favourable conditions for low cloud
formation. We also analyse the impact of anthropogenic aerosols on
precipitation, through the statistical analysis of CDR-COT co-variations. A
COT value of 10 is found to be the threshold beyond which precipitation is
mostly formed, in both clean and polluted environments. For larger COT,
polluted clouds show evidence of precipitation suppression. Results suggest
the presence of two competing mechanisms governing LWP response to
aerosol invigoration: a drying effect due to aerosol enhanced entrainment of
dry air at cloud top (predominant for optically thin clouds) and a
moistening effect due to aerosol inhibition of precipitation (predominant for
optically thick clouds).

Impact of the dropping activity with vehicle age on air pollutant
emissions
Stefano Caserini 1 , Cinzia Pastorello 1,2 , Pietro Gaifami 1,3 , Leonidas
Ntziachristos 4
Source: AAtmospheric Pollution Research 4 (2013) 282 ‐ 289doi:
10.5094/APR.2013.031
Road transport is a major source of air pollution especially in cities. Detailed
calculations are needed to support road transport emission inventories due to
the variance of technologies and operating conditions encountered on the
roads. The annual distance driven by cars in relation to their characteristics
is an important variable in such calculations. In this work, a large amount of
mileage data were collected from second–hand car sellers in Italy and were
then analyzed in order to understand the influence of vehicle age on annual
mileage driven. The available data enabled the development of dropping
functions of annual mileage with vehicle age. It was found that the average
mileage of 10 year old cars is only approximately 40% of the mileage
driven on year one. This drops to approximately only 10% for 20–year old
cars. The findings are of paramount importance in environmental calculations
as road transport NO X and PM emissions drop by more than 20% when
the corrected functions are used compared to using a constant mileage. Not
introducing such a correction may result to an approximately 8% higher
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nation–wide NO X emissions with negative implications towards meeting the
national emission ceilings. In terms of policy implications, the dropping
activity with age results to a decrease in the importance of accelerated scrap
page schemes and of environmental zones in air quality.

Wintertime aerosol chemical composition and source apportionment of
the organic fraction in the metropolitan area of Paris
M. Crippa, P. F. DeCarlo, J. G. Slowik, C. Mohr, M. F. Heringa, R. Chirico1, L.
Poulain, F. Freutel, J. Sciare, J. Cozic, C. F. Di Marco, M. Elsasser, J. B.
Nicolas, N. Marchand, E. Abidi, A. Wiedensohler, F. Drewnick, J. Schneider, S.
Borrmann, E. Nemitz, R. Zimmermann, J.-L. Jaffrezo, A. S. H. Prévôt, and U.
Baltensperger
Source: Atmos. Chem. Phys., 13, 961-981, 2013 www.atmos-chemphys.net/13/961/2013/ doi:10.5194/acp-13-961-2013
The effect of a post-industrial megacity on local and regional air quality was
assessed via a month-long field measurement campaign in the Paris
metropolitan area during winter 2010. Here we present source apportionment
results from three aerosol mass spectrometers and two aethalometers
deployed at three measurement stations within the Paris region. Submicron
aerosol composition is dominated by the organic fraction (30–36%) and
nitrate (28–29%), with lower contributions from sulfate (14–16%),
ammonium (12–14%) and black carbon (7–13%). Organic source
apportionment was performed using positive matrix factorization, resulting in a
set of organic factors corresponding both to primary emission sources and
secondary production. The dominant primary sources are traffic (11–15% of
organic mass), biomass burning (13–15%) and cooking (up to 35% during
meal hours). Secondary organic aerosol contributes more than 50% to the
total organic mass and includes a highly oxidized factor from indeterminate
and/or diverse sources and a less oxidized factor related to wood burning
emissions. Black carbon was apportioned to traffic and wood burning sources
using a model based on wavelength-dependent light absorption of these two
combustion sources. The time series of organic and black carbon factors
from related sources were strongly correlated. The similarities in aerosol
composition, total mass and temporal variation between the three sites
suggest that particulate pollution in Paris is dominated by regional factors,
and that the emissions from Paris itself have a relatively low impact on its
surroundings.
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Air pollution and associated human mortality: the role of air pollutant
emissions, climate change and methane concentration increases from
the preindustrial period to present
Y. Fang1,*, V. Naik, L. W. Horowitz, and D. L. Mauzerall,
Source: Atmos. Chem. Phys., 13, 1377-1394, 2013 www.atmos-chemphys.net/13/1377/2013/ doi:10.5194/acp-13-1377-2013
Increases in surface ozone (O3) and fine particulate matter (≤2.5 μm
aerodynamic diameter, PM2.5) are associated with excess premature human
mortalities. We estimate changes in surface O3 and PM2.5 from preindustrial (1860) to present (2000) and the global present-day (2000)
premature human mortalities associated with these changes. We extend
previous work to differentiate the contribution of changes in three factors:
emissions of short-lived air pollutants, climate change, and increased
methane (CH4) concentrations, to air pollution levels and associated
premature mortalities. We use a coupled chemistry-climate model in
conjunction with global population distributions in 2000 to estimate exposure
attributable to concentration changes since 1860 from each factor. Attributable
mortalities are estimated using health impact functions of long-term relative
risk estimates for O3 and PM2.5 from the epidemiology literature. We find
global mean surface PM2.5 and health-relevant O3 (defined as the
maximum 6-month mean of 1-h daily maximum O3 in a year) have
increased by 8 ± 0.16 μg m−3 and 30 ± 0.16 ppbv (results reported as
annual average ±standard deviation of 10-yr model simulations), respectively,
over this industrial period as a result of combined changes in emissions of
air pollutants (EMIS), climate (CLIM) and CH4 concentrations (TCH4).
EMIS, CLIM and TCH4 cause global population-weighted average PM2.5
(O3) to change by +7.5 ± 0.19 μg m−3 (+25 ± 0.30 ppbv), +0.4 ±
0.17 μg m−3 (+0.5 ± 0.28 ppbv), and 0.04 ± 0.24 μg m−3 (+4.3 ±
0.33 ppbv), respectively. Total global changes in PM2.5 are associated with
1.5 (95% confidence interval, CI, 1.2–1.8) million cardiopulmonary mortalities
and 95 (95% CI, 44–144) thousand lung cancer mortalities annually and
changes in O3 are associated with 375 (95% CI, 129–592) thousand
respiratory mortalities annually. Most air pollution mortality is driven by
changes in emissions of short-lived air pollutants and their precursors (95%
and 85% of mortalities from PM2.5 and O3 respectively). However,
changing climate and increasing CH4 concentrations also contribute to
premature mortality associated with air pollution globally (by up to 5% and
15%, respectively). In some regions, the contribution of climate change and
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increased CH4 together are responsible for more than 20% of the respiratory
mortality associated with O3 exposure. We find the interaction between
climate change and atmospheric chemistry has influenced atmospheric
composition and human mortality associated with industrial air pollution. Our
study highlights the benefits to air quality and human health of CH4
mitigation as a component of future air pollution control policy.

Factors determining the formation of secondary inorganic aerosol: a
case study in the Po Valley (Italy)
S. Squizzato1, M. Masiol1, A. Brunelli1, S. Pistollato, E. Tarabotti, G.
Rampazzo1, and B. Pavoni
Source: AAtmos. Chem. Phys., 13, 1927-1939, 2013 www.atmos-chemphys.net/13/1927/2013/ doi:10.5194/acp-13-1927-2013
Physicochemical properties of aerosol were investigated by analyzing the
inorganic water soluble content in PM2.5 samples collected in the eastern
part of the Po Valley (Italy). In this area the EU limits for many air
pollutants are frequently exceeded as a consequence of local sources and
regional-scale transport of secondary inorganic aerosol precursors. Nine
PM2.5-bound major inorganic ions (F−, Cl−, NO3−, SO42−, Na+, NH4+,
K+, Mg2+, Ca2+) were monitored over one year in three sites categorized
as semi-rural background, urban background and industrial. The acidic
properties of the PM2.5 were studied by applying the recently developed EAIM thermodynamic model 4 (Extended Aerosol Thermodynamics Model).
The experimental data were also examined in relation to the levels of
gaseous precursors of secondary inorganic aerosol (SO2, NOx, NO, NO2)
and on the basis of some environmental conditions having an effect on the
secondary aerosols generation processes. A chemometric procedure using
cluster analysis on experimental [NH4+]/[SO42−] molar ratio and NO3−
concentration has been applied to determine the conditions needed for
ammonium nitrate formation in different chemical environments. Finally, some
considerations on the secondary inorganic aerosol formation and the most
relevant weather conditions concerning the sulfate-nitrate-ammonium system
were also discussed. The obtained results and discussion can help in
understanding the secondary aerosol formation dynamics in the Po Valley,
which is one of the most critical regions for air pollution in southern
Europe.
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Global premature mortality due to anthropogenic outdoor air pollution
and the contribution of past climate change
Raquel A Silva1, J Jason West1, Yuqiang Zhang, Susan C Anenberg, JeanFrançois Lamarque, Drew T Shindell, William J Collins, Stig Dalsoren, Greg
Faluvegi, Gerd Folberth
Source: IOP science Environmental Research Letters doi:10.1088/17489326/8/3/034005
NIncreased concentrations of ozone and fine particulate matter (PM2.5)
since preindustrial times reflect increased emissions, but also contributions of
past climate change. Here we use modeled concentrations from an ensemble
of chemistry–climate models to estimate the global burden of anthropogenic
outdoor air pollution on present-day premature human mortality, and the
component of that burden attributable to past climate change. Using
simulated concentrations for 2000 and 1850 and concentration–response
functions (CRFs), we estimate that, at present, 470 000 (95% confidence
interval, 140 000 to 900 000) premature respiratory deaths are associated
globally and annually with anthropogenic ozone, and 2.1 (1.3 to 3.0)
million deaths with anthropogenic PM2.5-related cardiopulmonary diseases
(93%) and lung cancer (7%). These estimates are smaller than ones
from previous studies because we use modeled 1850 air pollution rather
than a counterfactual low concentration, and because of different emissions.
Uncertainty in CRFs contributes more to overall uncertainty than the spread
of model results. Mortality attributed to the effects of past climate change on
air quality is considerably smaller than the global burden: 1500 (−20 000 to
27 000) deaths yr−1 due to ozone and 2200 (−350 000 to 140 000) due
to PM2.5. The small multi-model means are coincidental, as there are
larger ranges of results for individual models, reflected in the large
uncertainties, with some models suggesting that past climate change has
reduced air pollution mortality.

The relative importance of impacts from climate change vs. emissions
change on air pollution levels in the 21st century
G. B. Hedegaard, J. H. Christensen, and J. Brandt
Source: Atmos. Chem. Phys., 13, 3569-3585, 2013 www.atmos-chemphys.net/13/3569/2013/ doi:10.5194/acp-13-3569-2013

72

So far several studies have analysed the impacts of climate change on
future air pollution levels. Significant changes due to impacts of climate
change have been made clear. Nevertheless, these changes are not yet
included in national, regional or global air pollution reduction strategies. The
changes in future air pollution levels are caused by both impacts from
climate change and anthropogenic emission changes, the importance of which
needs to be quantified and compared. In this study we use the Danish
Eulerian Hemispheric Model (DEHM) driven by meteorological input data
from
the
coupled
Atmosphere-Ocean
General
Circulation
Model
ECHAM5/MPI-OM and forced with the newly developed RCP4.5 emissions.
The relative importance of the climate signal and the signal from changes in
anthropogenic emissions on the future ozone, black carbon (BC), total
particulate matter with a diameter below 2.5 μm (total PM2.5 including BC,
primary organic carbon (OC), mineral dust and secondary inorganic aerosols
(SIA)) and total nitrogen (including NHx + NOy) has been determined.
For ozone, the impacts of anthropogenic emissions dominate, though a
climate penalty is found in the Arctic region and northwestern Europe, where
the signal from climate change dampens the effect from the projected
emission reductions of anthropogenic ozone precursors. The investigated
particles are even more dominated by the impacts from emission changes.
For black carbon the emission signal dominates slightly at high latitudes, with
an increase up to an order of magnitude larger, close to the emission
sources in temperate and subtropical areas. Including all particulate matter
with a diameter below 2.5 μm (total PM2.5) enhances the dominance from
emissions change. In contrast, total nitrogen (NHx + NOy) in parts of the
Arctic and at low latitudes is dominated by impacts of climate change.

Emissions of air pollutants and greenhouse gases over Asian regions
during 2000–2008: Regional Emission inventory in ASia (REAS) version
2
J. Kurokawa1,2, T. Ohara2, T. Morikawa3,4, S. Hanayama5, G. JanssensMaenhout6, T. Fukui7, K. Kawashima8, and H. Akimoto1
Source: Atmos. Chem. Phys., 13, 11019-11058, 2013 www.atmos-chemphys.net/13/11019/2013/ doi:10.5194/acp-13-11019-2013
We have updated the Regional Emission inventory in ASia (REAS) as
version 2.1. REAS 2.1 includes most major air pollutants and greenhouse
gases from each year during 2000 and 2008 and following areas of Asia:
East, Southeast, South, and Central Asia and the Asian part of Russia.
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Emissions are estimated for each country and region using updated activity
data and parameters. Monthly gridded data with a 0.25° × 0.25° resolution
are also provided. Asian emissions for each species in 2008 are as follows
(with their growth rate from 2000 to 2008): 56.9 Tg (+34%) for SO2,
53.9 Tg (+54%) for NOx, 359.5 Tg (+34%) for CO, 68.5 Tg (+46%)
for non-methane volatile organic compounds, 32.8 Tg (+17%) for NH3,
36.4 Tg (+45%) for PM10, 24.7 Tg (+42%) for PM2.5, 3.03 Tg
(+35%) for black carbon, 7.72 Tg (+21%) for organic carbon, 182.2 Tg
(+32%) for CH4, 5.80 Tg (+18%) for N2O, and 16.0 Pg (+57%) for
CO2. By country, China and India were respectively the largest and second
largest contributors to Asian emissions. Both countries also had higher growth
rates in emissions than others because of their continuous increases in
energy consumption, industrial activities, and infrastructure development. In
China, emission mitigation measures have been implemented gradually.
Emissions of SO2 in China increased from 2000 to 2006 and then began
to decrease as flue-gas desulphurization was installed to large power plants.
On the other hand, emissions of air pollutants in total East Asia except for
China decreased from 2000 to 2008 owing to lower economic growth rates
and more effective emission regulations in Japan, South Korea, and Taiwan.
Emissions from other regions generally increased from 2000 to 2008,
although their relative shares of total Asian emissions are smaller than those
of China and India. Tables of annual emissions by country and region
broken down by sub-sector and fuel type, and monthly gridded emission
data with a resolution of 0.25° × 0.25° for the major sectors are available
from the following URL: http://www.nies.go.jp/REAS/.

Recent climate and air pollution impacts on Indian agriculture
Jennifer Burneya, and V. Ramanathan
Source: vol. 111 no. 46 > Jennifer Burney, 16319–16324, doi:
10.1073/pnas.1317275111
Recent research on the agricultural impacts of climate change has primarily
focused on the roles of temperature and precipitation. These studies show
that India has already been negatively affected by recent climate trends.
However, anthropogenic climate changes are a result of both global
emissions of long-lived greenhouse gases (LLGHGs) and other short-lived
climate pollutants (SLCPs). Two potent SLCPs, tropospheric ozone and
black carbon, have direct effects on crop yields beyond their indirect effects
through climate; emissions of black carbon and ozone precursors have risen
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dramatically in India over the past three decades. Here, to our knowledge
for the first time, we present results of the combined effects of climate
change and the direct effects of SLCPs on wheat and rice yields in India
from 1980 to 2010. Our statistical model suggests that, averaged over India,
yields in 2010 were up to 36% lower for wheat than they otherwise would
have been, absent climate and pollutant emissions trends, with some densely
populated states experiencing 50% relative yield losses. [Our point estimates
for rice (−20%) are similarly large, but not statistically significant.] Upperbound estimates suggest that an overwhelming fraction (90%) of these
losses is due to the direct effects of SLCPs. Gains from addressing regional
air pollution could thus counter expected future yield losses resulting from
direct climate change effects of LLGHGs.

Greenhouse Gas Policy Influences Climate via Direct Effects of LandUse Change
Andrew D. Jones, William D. Collins, James Edmonds,+ Margaret S. Torn,
Anthony Janetos,+ Katherine V. Calvin,+ Allison Thomson,+ Louise P. Chini,
Jiafu Mao, Xiaoying Shi, Peter Thornton, George C. Hurtt, and Marshall Wise
Source: Americam Metereological society Volume 26, Issue 11 (June 2013)
Proposed climate mitigation measures do not account for direct biophysical
climate impacts of land-use change (LUC), nor do the stabilization targets
modeled for phase 5 of the Coupled Model Intercomparison Project
(CMIP5) representative concentration pathways (RCPs). To examine the
significance of such effects on global and regional patterns of climate
change, a baseline and an alternative scenario of future anthropogenic
activity are simulated within the Integrated Earth System Model, which
couples the Global Change Assessment Model, Global Land-Use Model, and
Community Earth System Model. The alternative scenario has high biofuel
utilization and approximately 50% less global forest cover than the baseline,
standard RCP4.5 scenario. Both scenarios stabilize radiative forcing from
atmospheric constituents at 4.5 W m−2 by 2100. Thus, differences between
their climate predictions quantify the biophysical effects of LUC. Offline
radiative transfer and land model simulations are also utilized to identify
forcing and feedback mechanisms driving the coupled response. Boreal
deforestation is found to strongly influence climate because of increased
albedo coupled with a regional-scale water vapor feedback. Globally, the
alternative scenario yields a twenty-first-century warming trend that is 0.5°C
cooler than baseline, driven by a 1 W m−2 mean decrease in radiative
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forcing that is distributed unevenly around the globe. Some regions are
cooler in the alternative scenario than in 2005. These results demonstrate
that neither climate change nor actual radiative forcing is uniquely related to
atmospheric forcing targets such as those found in the RCPs but rather
depend on particulars of the socioeconomic pathways followed to meet each
target.

CCN activity of organic aerosols observed downwind of urban emissions
during CARES
F. Mei1, A. Setyan2, Q. Zhang, and J. Wang
Source: Atmos. Chem. Phys., 13, 12155-12169, 2013 www.atmos-chemphys.net/13/12155/2013/ doi:10.5194/acp-13-12155-2013
NDuring the Carbonaceous Aerosols and Radiative Effects Study (CARES),
activation fraction of size-resolved aerosol particles and aerosol chemical
composition were characterized at the T1 site (~60 km downwind of
Sacramento, California) from 10 June to 28 June 2010. The hygroscopicity
of cloud condensation nuclei (CCN)-active particles (κCCN) with diameter
from 100 to 170 nm, derived from the size-resolved activated fraction,
varied from 0.10 to 0.21, with an average of 0.15, which was substantially
lower than that proposed for continental sites. The low κCCN value was due
to the high organic volume fraction, averaged over 80% at the T1 site. The
derived κCCN exhibited little diurnal variation, consistent with the relatively
constant organic volume fraction observed. At any time, over 90% of the
size-selected particles with diameter between 100 and 171 nm were CCN
active, suggesting most particles within this size range were aged background
particles. Due to the large organic volume fraction, organic hygroscopicity
(κorg) strongly impacted particle hygroscopicity and therefore calculated CCN
concentration. For the vast majority of the cases, an increase of κorg from
0.03 to 0.18, which are within the typical range, doubled the calculated
CCN concentration. Organic hygroscopicity was derived from κCCN and
aerosol chemical composition, and its variations with the fraction of total
organic mass spectral signal at m / z 44 (f44) and O : C were
compared to results from previous studies. Overall, the relationships between
κorg and f44 are quite consistent for organic aerosol (OA) observed during
field studies and those formed in a smog chamber. Compared to the
relationship between κorg and f44, the relationship between κorg and O : C
exhibits more significant differences among different studies, suggesting κorg
may be better parameterized using f44. A least squares fit yielded κorg =
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2.10(±0.07) × f44 − 0.11(±0.01) with a Pearson R2 value of 0.71. One
possible explanation for the stronger correlation between κorg and f44 is that
the m / z 44 signal (mostly contributed by the CO2+ ion) is more
closely related to organic acids, which may dominate the overall κorg due to
their relatively high water solubility and hygroscopicity.

Long-term measurements of aerosol and carbon monoxide at the
ZOTTO tall tower to characterize polluted and pristine air in the
Siberian taiga
X. Chi1, J. Winderlich, J.-C. Mayer1, A. V. Panov, M. Heimann, W. Birmili4, J.
Heintzenberg4, Y. Cheng, and M. O. Andreae
Source: Atmos. Chem. Phys., 13, 12271-12298, 2013 www.atmos-chemphys.net/13/12271/2013/ doi:10.5194/acp-13-12271-2013
Siberia is one of few continental regions in the Northern Hemisphere where
the atmosphere may sometimes approach pristine background conditions. We
present the time series of aerosol and carbon monoxide (CO)
measurements between September 2006 and December 2011 at the Zotino
Tall Tower Observatory (ZOTTO) in Central Siberia (61° N; 89° E). We
investigate the seasonal, weekly and diurnal variations of aerosol properties
(including absorption and scattering coefficients and derived parameters, such
as equivalent black carbon (BCe), Ångström exponent, single scattering
albedo, and backscattering ratio) and the CO mixing ratios. Criteria were
established to distinguish polluted from near-pristine air masses, providing
quantitative characteristics for each type. Depending on the season, 23–36%
of the sampling time at ZOTTO was found to be representative of a clean
atmosphere. The summer pristine data indicate that primary biogenic and
secondary organic aerosol formation are quite strong particle sources in the
Siberian taiga. The summer seasons 2007–2008 were dominated by an
Aitken mode around 80 nm size, whereas the summer 2009 with prevailing
easterly winds produced particles in the accumulation mode around 200 nm
size. We found these differences to be mainly related to air temperature,
through its effect on the production rates of biogenic volatile organic
compounds (VOC) precursor gases. In winter, the particle size distribution
peaked at 160 nm, and the footprint of clean background air was
characteristic for aged particles from anthropogenic sources at great distances
from ZOTTO and diluted biofuel burning emissions from domestic heating.
The wintertime polluted air originates mainly from large cities south and
southwest of the site; these particles have a dominant mode around 100
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nm, and the ΔBCe / ΔCO ratio of 7–11 ng m−3 ppb−1 suggests dominant
contributions from coal and biofuel burning for heating. During summer,
anthropogenic emissions are the dominant contributor to the pollution particles
at ZOTTO, while only 12% of the polluted events are classified as biomassburning-dominated, but then often associated with extremely high CO
concentrations and aerosol absorption coefficients. Two biomass-burning case
studies revealed different ΔBCe / ΔCO ratios from different fire types, with
the agricultural fires in April~2008 yielding a very high ratio of 21 ng m−3
ppb−1. Overall, we find that anthropogenic sources dominate the aerosol
population at ZOTTO most of the time, even during nominally clean episodes
in winter, and that near-pristine conditions are encountered only in the
growing season and then only episodically.

Biogenic and biomass burning organic aerosol in a boreal forest at
Hyytiälä, Finland, during HUMPPA-COPEC 2010
A. L. Corrigan, L. M. Russell, S. Takahama, M. Äijälä, M. Ehn, H. Junninen, J.
Rinne, T. Petäjä, M. Kulmala, A. L. Vogel, T. Hoffmann, C. J. Ebben, F. M.
Geiger, P. Chhabra, J. H. Seinfeld, D. R. Worsnop, W. Song, J. Auld, and J.
Williams
Source: Atmos. Chem. Phys., 13, 12233-12256, 2013 www.atmos-chemphys.net/13/12233/2013/ doi:10.5194/acp-13-12233-2013
Submicron aerosol particles were collected during July and August 2010 in
Hyytiälä, Finland, to determine the composition and sources of aerosol at
that boreal forest site. Submicron particles were collected on Teflon filters
and analyzed by Fourier transform infrared (FTIR) spectroscopy for organic
functional groups (OFGs). Positive matrix factorization (PMF) was applied
to aerosol mass spectrometry (AMS) measurements and FTIR spectra to
identify summertime sources of submicron aerosol mass at the sampling site.
The two largest sources of organic mass (OM) in particles identified at
Hyytiälä were (1) biogenic aerosol from surrounding local forest and (2)
biomass burning aerosol, transported 4–5 days from large wildfires burning
near Moscow, Russia, and northern Ukraine. The robustness of this
apportionment is supported by the agreement of two independent analytical
methods for organic measurements with three statistical techniques. FTIR
factor analysis was more sensitive to the chemical differences between
biogenic and biomass burning organic components, while AMS factor analysis
had a higher time resolution that more clearly linked the temporal behavior
of separate OM factors to that of different source tracers even though their
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fragment mass spectrum were similar. The greater chemical sensitivity of the
FTIR is attributed to the nondestructive preparation and the functional group
specificity of spectroscopy. The FTIR spectra show strong similarities among
biogenic and biomass burning factors from different regions as well as with
reference OM (namely olive tree burning organic aerosol and α-pinene
chamber secondary organic aerosol (SOA)). The biogenic factor correlated
strongly with temperature and oxidation products of biogenic volatile organic
compounds (BVOCs), included more than half of the oxygenated OFGs
(carbonyl groups at 29% and carboxylic acid groups at 22%), and
represented 35% of the submicron OM. Compared to previous studies at
Hyytiälä, the summertime biogenic OM is 1.5 to 3 times larger than
springtime biogenic OM (0.64 μg m−3 and 0.4 μg m−3, measured in
2005 and 2007, respectively), even though it contributed only 35% of OM.
The biomass burning factor contributed 25% of OM on average and up to
62% of OM during three periods of transported biomass burning emissions:
26–28 July, 29–30 July, and 8–9 August, with OFG consisting mostly of
carbonyl (41%) and alcohol (25%) groups. The high summertime terrestrial
biogenic OM (1.7 μg m−3) and the high biomass burning contributions
(1.2 μg m−3) were likely due to the abnormally high temperatures that
resulted in both stressed boreal forest conditions with high regional BVOC
emissions and numerous wildfires in upwind regions.

Aerosol and precipitation chemistry in the southwestern United States:
spatiotemporal trends and interrelationships
A. Sorooshian1, T. Shingler, A. Harpold, C. W. Feagles, T. Meixner, and P. D.
Brooks
Source: Atmos. Chem. Phys., 13, 7361-7379, 2013 www.atmos-chemphys.net/13/7361/2013/ doi:10.5194/acp-13-7361-2013
This study characterizes the spatial and temporal patterns of aerosol and
precipitation composition at six sites across the United States Southwest
between 1995 and 2010. Precipitation accumulation occurs mostly during the
wintertime (December–February) and during the monsoon season (July–
September). Rain and snow pH levels are usually between 5–6, with
crustal-derived species playing a major role in acid neutralization. These
species (Ca2+, Mg2+, K+, Na+) exhibit their highest concentrations
between March and June in both PM2.5 and precipitation due mostly to
dust. Crustal-derived species concentrations in precipitation exhibit positive
relationships with SO42−, NO3−, and Cl−, suggesting that acidic gases likely
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react with and partition to either crustal particles or hydrometeors enriched
with crustal constituents. Concentrations of particulate SO42− show a
statistically significant correlation with rain SO42− unlike snow SO42−, which
may be related to some combination of the vertical distribution of SO42−
(and precursors) and the varying degree to which SO42−-enriched particles
act as cloud condensation nuclei versus ice nuclei in the region. The coarse
: fine aerosol mass ratio was correlated with crustal species concentrations
in snow unlike rain, suggestive of a preferential role of coarse particles
(mainly dust) as ice nuclei in the region. Precipitation NO3− : SO42−
ratios exhibit the following features with potential explanations discussed: (i)
they are higher in precipitation as compared to PM2.5; (ii) they exhibit the
opposite annual cycle compared to particulate NO3− : SO42− ratios; and
(iii) they are higher in snow relative to rain during the wintertime. Longterm trend analysis for the monsoon season shows that the NO3− : SO42−
ratio in rain increased at the majority of sites due mostly to air pollution
regulations of SO42− precursors.

Climate response due to carbonaceous aerosols and aerosol-induced
SST effects in NCAR community atmospheric model CAM3.5
W.-C. Hsieh, W. D. Collins1, Y. Liu, J. C. H. Chiang, C.-L. Shie, K. Caldeira,
and L. Cao
Source: Atmos. Chem. Phys., 13, 7489-7510, 2013 www.atmos-chemphys.net/13/7489/2013/ doi:10.5194/acp-13-7489-2013
This study used the Community Atmospheric Model 3.5 (CAM3.5) to
investigate the effects of carbonaceous aerosols on climate. The simulations
include control runs with 3 times the mass of carbonaceous aerosols as
compared to the model's default carbonaceous aerosol mass, as well as nocarbon runs in which carbonaceous aerosols were removed. The slab ocean
model (SOM) and the fixed sea surface temperature (SST) were used to
examine effects of ocean boundary conditions. Throughout this study, climate
response induced by aerosol forcing was mainly analyzed in the following
three terms: (1) aerosol radiative effects under fixed SST, (2) effects of
aerosol-induced SST feedbacks, and (3) total effects including effects of
aerosol forcing and SST feedbacks. The change of SST induced by aerosols
has large impacts on distribution of climate response; the magnitudes in
response patterns such as temperature, precipitation, zonal winds, mean
meridional circulation, radiative fluxes, and cloud coverage are different
between the SOM and fixed SST runs. Moreover, different spatial responses
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between the SOM and fixed SST runs can also be seen in some local
areas. This implies the importance of SST feedbacks on simulated climate
response. The aerosol dimming effects cause a cooling predicted at low
layers near the surface in most carbonaceous aerosol source regions. The
temperature response shows a warming (cooling) predicted in the north
(south) high latitudes, suggesting that aerosol forcing can cause climate
change in regions far away from its origins. Our simulation results show that
direct and semidirect radiative forcing due to carbonaceous aerosols
decreases rainfall in the tropics. This implies that carbonaceous aerosols
have possibly strong influence on weakening of the tropical circulation. Most
changes in precipitation are negatively correlated with changes of radiative
fluxes at the top of model. The changes in radiative fluxes at top of model
are physically consistent with the response patterns in cloud fields. On global
average, low-level cloud coverage increases, and mid- and high-level cloud
coverage decreases in response to changes in radiative energy induced by
aerosol forcing. An approximated moisture budget equation was analyzed in
order to understand physical mechanism of precipitation changes induced by
carbonaceous aerosols. Our results show that changes in tropical precipitation
are mainly dominated are mainly dominated by the dynamic effect (i.e.,
vertical moisture transport carried by the perturbed flow).

A Study of Smog Issues and PM2.5 Pollutant Control Strategies in
China
David Hu, Juyuan Jiang
Source: Journal of Environmental Protection, 2013, 4, 746-752
The increased occurrence of smoggy days in major Chinese cities is of
major concern to the general public. This paper explores the major sources
of PM2.5 pollutants, a key contributor to the smog in Beijing, one of
China’s largest cities. Evidence indicates that the secondary PM2.5 particles
formed through NOx, SOx, NH3, VOCs, etc. have a strong impact on
human health. As a result, PM2.5 pollution control should not simply focus
on controlling particulate emission, but should involve adopting an integrated
multi-pollutant control strategy. In addition to identifying the major sources of
PM2.5, this paper explores its impact on environmental and human health.
Although the intention of this research is not to provide solutions for
reducing PM2.5 pollution, the paper analyzes the United States’ experience
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with establishing PM2.5 standards and mandates. Specifically, this paper
focuses on the air quality control strategies adopted in California since the
1940s and draws parallels with present-day China. The research suggests
that adequate government regulation, public awareness, regional collaboration
and industrial compliance are keys to successfully controlling PM2.5 pollution.
Keywords: PM2.5; Smog; Air Quality Control; Multi-Pollutant Control; Coal
Combustion; Vehicle Emission; Beijing; China.

Status and Monitoring of Ambient Air Quality of ‛Cityof Lakes’ Udaipur,
(Raj.) India
C.S. Kapoor, B. R. Bamniya, Smita Jain, K. Kapoor
Source: Research in Health and Nutrition (RHN) Volume 1 Issue 1, October
2013 www.seipub.org/rhn/
Air pollution has been identified as a serious problem throughout the world
which causes tremendous loss to human health and the crops by affecting
plant growth and yield. Earlier, air pollution was restricted to urban and
industrial regions. But it has become evident that pollutants can be
transported over long distances and hence their impact may be felt widely
over rural and forest areas. To study effect of automobile on plant growth
and other types of pollution, comparative basis mean concentrations of SO2,
NO2, SPM and RSPM were determined in sampling areas, viz., urban,
industrial and forest areas of Udaipur, which is a typical tropical city but has
varied lakes around its peripheral areas and good forest cover that makes it
a special site for study of ambient air pollution.

Vehicular Growth and Air Quality at Major Traffic Intersection Points in
Kolkata City: An Efficient Intervention Strategies
Sukla Bhaduri
Source: The SIJ Transactions on Advances in Space Research & Earth
Exploration (ASREE), Vol. 1, No. 1, September - October 2013
Vehicular air pollution is a growing problem in Kolkata due to high growth of
motorized vehicles. The increased travel demand has also resulted in rapid
growth in the number of motor vehicles in the arterial roads of Kolkata City.
The travel demand has increased likewise the number of registered vehicles
is on rise and corresponds to some 52 percent growth since th e last
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decade with less than 7 percent of effective road space leading to high
automobile density, disproportionately low percentage of road network,
congestion, accidents and effect on air quality. To estimate the vehicular
pollution at ten major differen t traffic intersection points based on fume
study in Kolkata, a primary survey was conducted and it has been found
that the highest fume emitting vehicles dominate in Shyambazar Five Point
Crossing in North Kolkata followed by Ballygunge Phanri in South an d
Esplanade and B.B.D Bag in Central Kolkata. According to Air Pollution
Index (API) of US - EPA all the major traffic intersection points reflect
high level of pollutants with few exceptions. It has been noted during
primary survey that concentration of Su spended Particulate Matter and
Respirable Suspended Particulate Matter are highest in comparison to other
automobile pollutants in the traffic intersection points of Kolkata city.

Recent trends in tropospheric NO 2 over India observed by
SCIAMACHY: Identification of hot spots
Arya Ramachandran , Nayan K. Jain , Shashikant A. Sharma , Jayaprasad
Pallipad
Source: Atmospheric Pollution Research 4 (2013) 354–361
Satellite remote sensing technology has a great potential to measure the
properties of atmosphere and has shown marked advancements through the
last decade, in monitoring nitrogen oxide species (NO X ) in troposphere.
NO 2 in troposphere is one of the key factors which determine the air
quality and has serious implications on human health and plant growth. It is
also well known for its indirect contribution to climate change. The
identification of spatial and temporal variations of NO 2 is necessary for any
effective mitigation plan to curb its obnoxious abundance. Tropospheric NO 2
measurements provided by the satellite remote sensor “SCanning Imaging
Absorption spectroMeter for Atmospheric CHartographY” (SCIAMACHY) are
utilized here to identify the regions across India where a concentration of
NO 2 exceeds the permissible healthy level. A new approach based on
empirical approximation is attempted to normalize the unit of satellite
measurement with the unit of existing air quality standard. Trend analysis for
all the regions are carried out by means of a non–linear regression method.
The geospatial and statistical analysis of monthly tropospheric NO 2 data
from the full operational period of SCIAMACHY (2002 August–2012 March)
have resulted in the identification of 12 hot spot regions across India among
which most of them exhibited a significant increasing trend. Some of the
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rural districts which were not previously implicated for NO 2 pollution risk
are also recognized here. This study illustrates the possibility of the use of
satellite measurements in air quality monitoring and management in regional
spatial scale. The effects of seasonal climatic changes in India on the
ambient NO 2 pollution level are also explained.

Assessment of Acid Deposition Effects on Water Quality of the Upper
Rio Grande River Section in Texas
Qin Qian, Badri Parajuli, Qi Fu, Kaiming Yan, John L. Gossage, Thomas Ho
Source: JWARP> Vol.5 No.8, August 2013, DOI: 10.4236/jwarp.2013.58080
Airborne pollutants such as SO42- and NO3- that cause acid rain may
pollute water resources via acid deposition. However, such effects on the
water quality of the upper Rio Grande River section in Texas have not been
systematically studied. The objective of this study is to collect and analyze
field data, and perform hydrological and water chemistry analyses to assess
acid deposition effects on the river water quality. The analysis of the
precipitation data indicates that the concentrations of ions decrease as the
quantity of precipitation increases. The precipitation with higher concentrations
of SO42- and NO3- has a lower pH while that with higher concentrations
of Ca2+ and Na+ has a relatively higher pH value. The analysis of river
data demonstrates that the pH value, Dissolved Oxygen (DO), and Total
Dissolved Solid (TDS) generally decrease when the flow rate increases
immediately following precipitation events. The drop in pH following a
precipitation event is due to the low pH in the precipitation. The DO and
TDS decrease after the precipitation due to the increased flow rate. The
slightly higher pH and lower DO values in the eastern section of the river
(where the basin is limestone-dominated) as compared to the western
section is due to the limestone erosion caused by the acid deposition. The
annual stone loss by the acid deposition is about 72,000 m3. The
fluctuation between the pH value and the temperature suggests the effect of
CaCO3 solubility on the pH value. The water chemistry analysis using
Geochemist’s Work Bench (GWB) has been performed to estimate the
effect on the oscillation of CaCO3 dissolution-precipitation process. The
equilibrium pH decreases with decreasing temperature, but increases as the
CaCO3 concentration decreases. The effect of limestone on observed daily
pH fluctuations appears to be supported by the simulation.
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Carbonaceous aerosols in a wood burning community in rural New
Zealand
Travis Ancelet, Perry K. Davy, William J. Trompetter, Andreas Markwitz and
David C. Weatherburn
Source: Atmospheric Pollution Research 4 (2013) 245‐249
Particulate matter (PM) in Masterton, New Zealand, a rural community with
a population of 20000, was studied during the winter to gain an
understanding of the carbonaceous species and their influence on PM
concentrations. The average PM 10 concentration during the winter was
21.0±14.8 μg m –3 , of which 64% was PM 2.5. PM 2.5 concentrations
were found to be the main cause of elevated PM 10 concentrations, and
were responsible for exceedances of the New Zealand National Environmental
Standard for PM 10 . Carbonaceous species were 47 and 77% of the total
PM 10 and PM 2.5 , respectively. Organic carbon (OC) concentrations
were always higher than elemental carbon (EC) concentra tions. OC and
EC concentrations showed excellent correlation with PM 2.5 concentrations,
suggesting that combustion processes were the dominant source of PM.
Stable isotope analysis yielded δ 13 C values ranging from –24.9 to –
27.6‰, which is indicative of wood combustion. Analysis of particle–phase
PAHs by thermal desorption GC/MS yielded an average total PAH
concentration of 38.9±25.9 ng m –3 , accounting for 0.3% of the PM 2.5
. Analysis of all of the results revealed that residential wood burning for
domestic heating was the main source of PM pollution in Masterton. The
results of this study suggest that a PM 10 standard alone, particularly in
areas where wood combustion is common, may not be providing an
adequate level of protection for the exposed population.

Development of aerosol wind tunnel and its application for evaluating
the performance of ambient PM 10 inlets
Sangil Lee, Miae Yu,Hun and H. Kim
Source: Atmospheric Pollution Research 4 (2013) 323–328doi:
10.5094/APR.2013.036
Size selective particulate matter (PM) sampling inlets play an important role
in ambient PM measurement. Improper design of the sampling inlets results
in collecting of PM with undesired size, which leads to significant errors in
85

the measurement of ambient PM concentrations. Therefore, the performance
of PM inlets should be carefully evaluated in a proper environment prior to
their field of applications. In this study, a new aerosol wind tunnel system
was designed to evaluate the performance of ambient PM 10 inlets and
evaluated for the uniformity of wind speed distribution and aerosol
concentration. In addition, a custom–made PM 10 inlet was tested in the
aerosol wind tunnel to determine its 50% cutoff diameter. Results of the
wind speed distributions show that the percentage deviations from the mean
wind speeds at any measurement point are less than 10% with turbulence
intensity of less than 5% for three different wind speed levels (0.57 m/s,
2.22 m/s, and 6.67 m/s). Results from the aerosol concentration
measurements show that the percentage deviations from the mean aerosol
concentrations at any measurement point are less than 10% for three
different wind speed levels, which meets the aerosol wind tunnel performance
specifications specified by the U.S. Environmental Protection Agency (EPA).
Results from PM 10 inlet performance tests show that the 50% cutoff
diameters of the PM 10 inlet are 10.0 μ m, 10.3 μ m, and 10.0 μ m at
wind speeds of 0.57 m/s, 2.22 m/s, and 6.67 m/s, respectively. The PM
10 inlet is characterized to meet the performance specifications for PM 10
inlets, 10.0±0.5 μm, specified by the U.S. EPA. The results indicate that
the newly developed aerosol wind tunnel meets the performance requirements
for evaluating the performance of PM 10 size selective inlets.

Projected effect of 2000–2050 changes in climate and emissions on
aerosol levels in China and associated transboundary transport
H. Jiang, H. Liao, H. O. T. Pye, S. Wu, L. J. Mickley, J. H. Seinfeld6, and X. Y.
Zhang
Source: Atmos. Chem. Phys., 13, 7937-7960, 2013 www.atmos-chemphys.net/13/7937/2013/ doi:10.5194/acp-13-7937-2013
We investigate projected 2000–2050 changes in concentrations of aerosols in
China and the associated transboundary aerosol transport by using the
chemical transport model GEOS-Chem driven by the Goddard Institute for
Space Studies (GISS) general circulation model (GCM) 3 at 4° × 5°
resolution. Future changes in climate and emissions projected by the IPCC
A1B scenario are imposed separately and together through sensitivity
simulations. Accounting for sulfate, nitrate, ammonium, black carbon (BC),
and organic carbon (OC) aerosols, concentrations of individual aerosol
species change by −1.5 to +0.8 μg m−3, and PM2.5 levels are projected
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to change by about 10–20% in eastern China as a result of 2000–2050
change in climate alone. With future changes in anthropogenic emissions
alone, concentrations of sulfate, BC, and OC are simulated to decrease
because of assumed reductions in emissions, and those of nitrate are
predicted to increase because of higher NOx emissions combined with
decreases in sulfate. The net result is a predicted reduction of seasonal
mean PM2.5 concentrations in eastern China by 1–8 μg m−3 (or 10–40%)
over 2000–2050. It is noted that current emission inventories for BC and
OC over China are judged to be inadequate at present. Transboundary
fluxes of different aerosol species show different sensitivities to future
changes in climate and emissions. The annual outflow of PM2.5 from
eastern China to the western Pacific is estimated to change by −7.0%,
−0.7%, and −9.0% over 2000–2050 owing to climate change alone,
changes in emissions alone, and changes in both climate and emissions,
respectively. The fluxes of nitrate and ammonium aerosols from Europe and
Central Asia into western China increase over 2000–2050 in response to
projected changes in emissions, leading to a 10.5% increase in annual inflow
of PM2.5 to western China with future changes in both emissions and
climate. Fluxes of BC and OC from South Asia to China in spring contribute
a large fraction of the annual inflow of PM2.5. The annual inflow of PM2.5
from South Asia and Southeast Asia to China is estimated to change by
−8%, +281%, and +227% over 2000–2050 owing to climate change alone,
changes in emissions alone, and changes in both climate and emissions,
respectively. While the 4° × 5° spatial resolution is a limitation of the
present study, the direction of predicted changes in aerosol levels and
transboundary fluxes still provides valuable insight into future air quality.

Aerosol indirect effect on warm clouds over South-East Atlantic, from
co-located MODIS and CALIPSO observations
L. Costantino and F.-M. Bréon
Source: Atmos. Chem. Phys., 13, 69-88, 2013 www.atmos-chemphys.net/13/69/2013/ doi:10.5194/acp-13-69-2013
In this study, we provide a comprehensive analysis of aerosol interaction
with warm boundary layer clouds over the South-East Atlantic. We use
aerosol and cloud parameters derived from MODIS observations, together with
co-located CALIPSO estimates of the layer altitudes, to derive statistical
relationships between aerosol concentration and cloud properties. The
CALIPSO products are used to differentiate between cases of mixed cloud87

aerosol layers from cases where the aerosol is located well-above the cloud
top. This technique allows us to obtain more reliable estimates of the
aerosol indirect effect than from simple relationships based on vertically
integrated measurements of aerosol and cloud properties. Indeed, it permits
us to somewhat distinguish the effects of aerosol and meteorology on the
clouds, although it is not possible to fully ascertain the relative contribution
of each on the derived statistics. Consistently with the results from previous
studies, our statistics clearly show that aerosol affects cloud microphysics,
decreasing the Cloud Droplet Radius (CDR). The same data indicate a
concomitant strong decrease in cloud Liquid Water Path (LWP), which is
inconsistent with the hypothesis of aerosol inhibition of precipitation (Albrecht,
1989). We hypothesise that the observed reduction in LWP is the
consequence of dry air entrainment at cloud top. The combined effect of
CDR decrease and LWP decrease leads to rather small sensitivity of the
Cloud Optical Thickness (COT) to an increase in aerosol concentration. The
analysis of MODIS-CALIPSO coincidences also evidences an aerosol
enhancement of low cloud cover. Surprisingly, the Cloud Fraction (CLF)
response to aerosol invigoration is much stronger when (absorbing) particles
are located above cloud top than in cases of physical interaction. This result
suggests a relevant aerosol radiative effect on low cloud occurrence:
absorbing particles above the cloud top may heat the corresponding
atmosphere layer, decrease the vertical temperature gradient, increase the
low tropospheric stability and provide favourable conditions for low cloud
formation. We also analyse the impact of anthropogenic aerosols on
precipitation, through the statistical analysis of CDR-COT co-variations. A
COT value of 10 is found to be the threshold beyond which precipitation is
mostly formed, in both clean and polluted environments. For larger COT,
polluted clouds show evidence of precipitation suppression. Results suggest
the presence of two competing mechanisms governing LWP response to
aerosol invigoration: a drying effect due to aerosol enhanced entrainment of
dry air at cloud top (predominant for optically thin clouds) and a
moistening effect due to aerosol inhibition of precipitation (predominant for
optically thick clouds).

The effect of coal-fired power-plant SO2 and NOx control technologies
on aerosol nucleation in the source plumes
C. R. Lonsdale, R. G. Stevens, C. A. Brock, P. A. Makar, E. M. Knipping, and J.
R. Pierce

88

Source: Atmos. Chem. Phys., 12, 11519-11531, 2012 www.atmos-chemphys.net/12/11519/2012/ doi:10.5194/acp-12-11519-2012

Nucleation in coal-fired power-plant plumes can greatly contribute to particle
number concentrations near source regions. The changing emissions rates of
SO2 and NOx due to pollution-control technologies over recent decades may
have had a significant effect on aerosol formation and growth in the plumes
with ultimate implications for climate and human health. We use the System
for Atmospheric Modeling (SAM) large-eddy simulation model with the
TwO-Moment Aerosol Sectional (TOMAS) microphysics algorithm to model
the nucleation in plumes of coal-fired plants. We test a range of cases with
varying emissions to simulate the implementation of emissions-control
technologies between 1997 and 2010. We start by simulating the W. A.
Parish power plant (near Houston, TX) during this time period, when NOx
emissions were reduced by ~90% and SO2 emissions decreased by ~30%.
Increases in plume OH (due to the reduced NOx) produced enhanced SO2
oxidation and an order-of-magnitude increase in particle nucleation in the
plume despite the reduction in SO2 emissions. These results suggest that
NOx emissions could strongly regulate particle nucleation and growth in
power-plant plumes. Next, we test a range of cases with varying emissions
to simulate the implementation of SO2 and NOx emissions-control
technologies. Particle formation generally increases with SO2 emission, while
NOx shows two different regimes: increasing particle formation with increasing
NOx under low-NOx emissions and decreasing particle formation with
increasing NOx under high-NOx emissions. Next, we compare model results
with airborne measurements made in the W. A. Parish power-plant plume in
2000 and 2006, confirming the importance of NOx emissions on new
particle formation and highlighting the substantial effect of background aerosol
loadings on this process (the more polluted background of the 2006 case
caused more than an order-of-magnitude reduction in particle formation in
the plume compared to the cleaner test day in 2000). Finally, we calculate
particle-formation statistics of 330 coal-fired power plants in the US in 1997
and 2010, and the model results show a median decrease of 19% in
particle formation rates from 1997 to 2010 (whereas the W. A. Parish case
study showed an increase). Thus, the US power plants, on average, show
a different result than was found for the W. A. Parish plant specifically, and
it shows that the strong NOx controls (90% reduction) implemented at the
W. A. Parish plant (with relatively weak SO2 emissions reductions, 30%)
are not representative of most power plants in the US during the past 15
yr. These results suggest that there may be important climate implications of
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power-plant controls due to changes in plume chemistry and microphysics,
but the magnitude and sign of the aerosol changes depend greatly on the
relative reductions in NOx and SO2 emissions in each plant. More extensive
plume measurements for a range of emissions of SO2 and NOx and in
varying background aerosol conditions are needed, however, to better quantify
these effects.

Impact of the dropping activity with vehicle age on air pollutant
emissions
Stefano Caserini , Cinzia Pastorello , Pietro Gaifami , Leonidas Ntziachristos
Source: AAtmospheric Pollution Research 4 (2013) 282 ‐ 289doi:
10.5094/APR.2013.031
Road transport is a major source of air pollution especially in cities. Detailed
calculations are needed to support road transport emission inventories due to
the variance of technologies and operating conditions encountered on the
roads. The annual distance driven by cars in relation to their characteristics
is an important variable in such calculations. In this work, a large amount of
mileage data were collected from second–hand car sellers in Italy and were
then analyzed in order to understand the influence of vehicle age on annual
mileage driven. The available data enabled the development of dropping
functions of annual mileage with vehicle age. It was found that the average
mileage of 10 year old cars is only approximately 40% of the mileage
driven on year one. This drops to approximately only 10% for 20–year old
cars. The findings are of paramount importance in environmental calculations
as road transport NO X and PM emissions drop by more than 20% when
the corrected functions are used compared to using a constant mileage. Not
introducing such a correction may result to an approximately 8% higher
nation–wide NO X emissions with negative implications towards meeting the
national emission ceilings. In terms of policy implications, the dropping
activity with age results to a decrease in the importance of accelerated scrap
page schemes and of environmental zones in air quality.

Wintertime aerosol chemical composition and source apportionment of
the organic fraction in the metropolitan area of Paris
M. Crippa, P. F. DeCarlo, J. G. Slowik, C. Mohr, M. F. Heringa, R. Chirico, L.
Poulain, F. Freutel, J. Sciare, J. Cozic, C. F. Di Marco, M. Elsasser, J. B.
Nicolas, N. Marchand, E. Abidi, A. Wiedensohler, F. Drewnick, J. Schneider, S.
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Borrmann, E. Nemitz, R. Zimmermann, J.-L. Jaffrezo, A. S. H. Prévôt, and U.
Baltensperger
Source: Atmos. Chem. Phys., 13, 961-981, 2013 www.atmos-chemphys.net/13/961/2013/ doi:10.5194/acp-13-961-2013
The effect of a post-industrial megacity on local and regional air quality was
assessed via a month-long field measurement campaign in the Paris
metropolitan area during winter 2010. Here we present source apportionment
results from three aerosol mass spectrometers and two aethalometers
deployed at three measurement stations within the Paris region. Submicron
aerosol composition is dominated by the organic fraction (30–36%) and
nitrate (28–29%), with lower contributions from sulfate (14–16%),
ammonium (12–14%) and black carbon (7–13%). Organic source
apportionment was performed using positive matrix factorization, resulting in a
set of organic factors corresponding both to primary emission sources and
secondary production. The dominant primary sources are traffic (11–15% of
organic mass), biomass burning (13–15%) and cooking (up to 35% during
meal hours). Secondary organic aerosol contributes more than 50% to the
total organic mass and includes a highly oxidized factor from indeterminate
and/or diverse sources and a less oxidized factor related to wood burning
emissions. Black carbon was apportioned to traffic and wood burning sources
using a model based on wavelength-dependent light absorption of these two
combustion sources. The time series of organic and black carbon factors
from related sources were strongly correlated. The similarities in aerosol
composition, total mass and temporal variation between the three sites
suggest that particulate pollution in Paris is dominated by regional factors,
and that the emissions from Paris itself have a relatively low impact on its
surroundings.

Influence of traffic exhausts on elements and polycyclic aromatic
hydrocarbons in leaves of medicinal plant Broussonetia papyrifera
Dan Xi, Jiong Li, Yuan–Wen Kuang, Yi–Min Xu, Xiao–Min Zhu
Source: Atmospheric Pollution Research (APR) Volume: 4 Issue: 4 Pages: 370376 Published: OCTOBER 2013 DOI: 10.5094/APR.2013.042
Paper mulberry (Broussonetia papyrifera) is one of medicinal plants in Asia
and Pacific countries. Tender leaves of B. papyrifera from a heavy traffic
site (HTS) and a low traffic site (LTS) were collected for the
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determination of non–metallic nutrient elements (N, P and S), metallic
nutrient elements (K, Ca, Mg, Cu, Zn, Mn, Ni, Cr and Mo), non–essential
metallic elements (Al, Cd and Pb) and 16 EPA priority polycyclic aromatic
hydrocarbons (PAHs). Leaves of B. papyrifera were abundant with P, S,
K, Mg, and Ca. Traffic exposure did not change the leaf contents of non–
metallic and metallic nutrient elements (except for K and Cr), but did
cause significant accumulation of Al, Cd, Pb and PAHs in the leaves.
Results of this study implied that traffic exhaust–stemmed accumulation of Al,
Cd, Pb, and PAHs in the leaves of B. papyrifera could be potentially
detrimental to human health when the leaves were utilized for medicinal raw
materials. The collection of B. papyrifera leaves from polluted sites for
medicinal utilization and consumption should be abandoned or intensively
monitored. Keywords: Broussonetia papyrifera, medicinal plants, elements,
polycyclic aromatic hydrocarbons.

Analysis of temporal and spatial variability of total column ozone over
West Africa using daily TOMS measurements
Ayodeji Oluleye, Emmanuel Chilekwu Okogbue
Source: Atmospheric Pollution Research (APR)Volume: 4 Issue: 4 Pages: 387397 Published: OCTOBER 2013 DOI: 10.5094/APR.2013.044
The aim of this study was to examine the temporal and spatial total column
ozone distribution in West Africa using Total Ozone Mapping spectrometer
(TOMS) daily data for five years between 2001 and 2005 in fifteen
locations. In this study, certain significant observations emerged: weather
activity particularly the rainfall producing mechanism (dynamic of the wind
systems) was responsible for about 62% ozone distribution in the region.
Ozone maximum and minimum concentrations over all the stations were 305
DU and 232 DU respectively producing an average range of 73 DU (only
about 27.03% of the mean value). Ozone has a seasonal distribution with
minimum occurring during the dry season and maximum occurring during the
wet season. A decreasing rate of about –0.6 DU/year was found for the
region. Interannual ozone characteristics revealed an oscillating feature similar
to Quasi – biennial Oscillation (QBO) footprints which indicated the
importance of stratosphere – troposphere exchange to ozone distribution in
the region. Furthermore, lag of about one or two months occurs between
south (lower latitude) and north (higher latitude) monthly ozone
maximums. Keywords: Ozone, West Africa, south westerly winds, north
easterly winds, QBO.
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A ten–year source apportionment study of ambient fine particulate matter
in San Jose, California
Yungang Wang, Philip K. Hopke
Source: Atmospheric Pollution Research (APR)Volume: 4 Issue: 4 Pages: 398404 Published: OCTOBER 2013 DOI: 10.5094/APR.2013.045
Fine particulate matter (PM2.5) composition data from the Speciation Trends
Network (STN) site in San Jose, CA, were analyzed by positive matrix
factorization (PMF) using U.S. Environmental Protection Agency (EPA)
PMF version 5.0. These data were 24–h average mass concentrations and
compositions obtained from samples taken every third day from October
2002 to February 2012. The eight identified sources include secondary
sulfate, secondary nitrate, fresh sea salt, aged sea salt, diesel emission,
road salt, gasoline vehicles, and wood combustion. The contributions to
PM2.5 of these eight sources were 13.1%, 20.0%, 5.5%, 7.8%, 9.4%,
5.1%, 14.8, and 24.3%, respectively. The Ni–related industrial source, which
was detected in previous PMF analysis, was not identified in our study and
a sharp decrease in Ni concentrations was observed after the end of 2004.
The contribution of road dust source decreased significantly after 2004
(Mann–Whitney test, p<0.01), which is probably the result of the city wide
enhanced street sweeping programs starting in 2005. A 40% reduction in
the wood combustion PM2.5 contribution between winter 2008 and winter
2009 was found. This decrease could be attributed to the San Francisco
Bay Area Air Quality Management District (BAAQMD) wood burning rule
implemented in July 2008. In the future, the effectiveness and benefits of
the wood burning rule could be evaluated using the multi–wavelength
aethalometer delta–c method. Keywords: Positive matrix factorization (PMF),
source apportionment, particulate matter (PM), wood combustion, road dust.

Assessment of contribution to PM10 concentrations from long range
transport of pollutants using WRF/Chem over a subtropical urban
airshed
Medhavi Gupta, Manju Mohan
Source: Atmospheric Pollution Research (APR)Volume: 4 Issue: 4 Pages: 405410 Published: OCTOBER 2013 DOI: 10.5094/APR.2013.046
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A regional chemical transport model was implemented to simulate the
Respirable Suspended Particulate Matter (PM10) concentration in order to
study the impact of long–range transport of air pollutants over megacity Delhi
with due consideration to different geographical domains extending up to
entire Asia and corresponding emissions. PM10 concentration levels over
megacity Delhi remain persistently high, often exceeding the ambient air
quality standards. A chemical transport model namely Weather Research and
Forecasting (WRF) model Version 3.2 coupled with chemistry module
(WRF/Chem) was utilized with nested domains for this purpose, subsequent
to model evaluation for the period during June, 2010 that includes extremely
high PM10 concentrations. A highly satisfactory model performance was
interpreted based on the several statistical parameters as per the current
state of the science and their recommended values. Based on model
simulations representing different geographical domains encompassing Asia,
India, North India and Delhi and their corresponding emissions, it was clearly
reflected that contributions due to emissions of the megacity Delhi alone is
11%–41% and thus remaining (59%–89%) proportion is expected to be
contributed from the sources outside of the Delhi region which is significant.
It is demonstrated that the WRF/Chem model performs well for a sub–
tropical urban air shed though there is scope of improvement for the
consistent
under–prediction
with
more
refined
emission
inventories.
Nevertheless, this model could be implemented to assess the long–range
transport of pollutants so as to adequately address the influence of the
remote sources outside the urban air shed. This can serve as an important
tool towards planning and implementing the regulatory policies for air pollution
control for more effective outcomes. Keywords: WRF/Chem, long range
transport, PM10, air pollution control, megacity Delhi.

Characteristics of visibility and particulate matter (PM) in an urban area
of Northeast China
Hujia Zhao, Huizheng Che, Xiaoye Zhang, Yanjun Ma, Yangfeng Wang, Hong
Wang, Yaqiang Wang
Source: Atmospheric Pollution Research (APR)Volume: 4 Issue: 4 Pages: 427434 Published: OCTOBER 2013 DOI: 10.5094/APR.2013.049
The visibility data from 2010 to 2012 were obtained at Shenyang in
Northeast China and the relations between visibility, PM mass concentration
and meteorological variables were statistically analyzed. These results
demonstrate that the monthly–averaged visibility over Shenyang was higher in
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March and September with values of approximately 19.0±4.3 km and
17.1±4.3 km, respectively. Low visibility over Shenyang occurred in January
at approximately 11.0±4.7 km. Among the meteorological variables
considered, wind speed was the main meteorological factor that influenced
visibility and PM mass concentrations. The relation between visibility and PM
indicates that fine particles are already a main source of pollutants, the
existence of which is the most important factor in the deterioration of
visibility in an urban area of Northeast China. The study also shows an
obvious diurnal variation and weekend effects of visibility and PM, which are
mainly caused by human activities. Results of this study highlight the
significant impact of fine particles on air pollution and visibility in an urban
area of Northeast China.

Benzo(a)pyrene air concentrations and emission inventory in Lombardy
region, Italy
Vorne Gianelle, Cristina Colombi, Stefano Caserini, Senem Ozgen, Silvia
Galante, Alessandro Marongiu, Guido Lanzani
Source: Atmospheric Pollution Research (APR)Volume: 4 Issue: 3 Pages: 257266 Published: JULY 2013 DOI: 10.5094/APR.2013.028
Three years of particle phase B(a)P air concentration measurements in 13
sites in Lombardy (Italy) and a detailed emission inventory at the municipal
scale for the whole region were used to infer the contribution of different
sources to B(a)P atmospheric levels. The analyses of the weekly and
monthly profiles of B(a)P concentrations, the cluster analysis and the
comparison between the B(a)P/PM10 ratios in ambient air and in the
emissions allowed identifying wood burning in small residential appliances as
the key source for all the sites, except for those located in Milan. The
highest values of the average B(a)P concentrations were not found in the
wider urban areas, where in general the highest PM10 levels were
registered. Regarding the seasonal variability, a marked reduction of both
B(a)P concentrations and B(a)P/PM10 ratios was observed in the summer
season. The cluster analysis of PM10 and B (a)P concentrations showed
that the two pollutants tend to have a separate pattern; moreover the cluster
analysis of B(a)P/PM10 ratios showed that the trend of this ratio split the
stations depending on their location: plain area, piedmont and valley zones,
and mountain sites. The dominance of the wood combustion highlighted by
the emission inventory, originating from the residential sector and from
pizzerias in the city of Milan, is consistent with the findings of other studies
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based on a source apportionment approach or air quality modeling, although
some patterns of ambient B(a)P concentrations in one site were not
adequately explained by the emission sources included in the emission
inventory. Keywords: Polycyclic aromatic hydrocarbons, air quality, emission
inventory, wood combustion, Lombardy.

Urban ambient air quality investigation and health risk assessment
during haze and non–haze periods in Shanghai, China
VWenchang Zhao, Jinping Cheng, Dinglong Li, Yusen Duan, Haiping Wei,
Ruoxu Ji, Wenhua Wang
Source: Atmospheric Pollution Research (APR)Volume: 4 Issue: 3 Pages: 275281 Published: JULY 2013 DOI: 10.5094/APR.2013.030
Haze pollution has attracted much interest during the past decade for its
significant effects on visibility, public health, and even global climate. The
main objective of this study is to investigate ambient air quality during haze
and non–haze periods and related health hazard for the local residents in
Shanghai, China. Different levels, seasonal patterns, and health–risks of air
pollutants (PM10, NO2, and SO2) in haze and non–haze periods were
observed. The results showed that the average PM10, NO2, and SO2
concentrations were 110.9 μg/m3, 67.7 μg/m3, and 48.8 μg/m3 in haze
periods and 63.6 μg/m3, 45.3 μg/m3, and 27.5 μg/m3 in non–haze
periods, respectively. Due to a combination of increased emissions from
heating sources coupled with meteorological conditions, PM10, NO2, and
SO2 levels were highest in winter and lowest in autumn. For the potential
health risk analysis, the residents have been divided into four age categories
namely, infants, children (1 year), children (8–10 years) and adults. The
analysis took into account age–specific breathing rates, body weights for
different age categories. Health risks for all age groups in haze periods were
higher than those in non–haze periods, and the local residents suffered from
the highest health risks due to NO2 in haze periods. Keywords: Haze,
ambient air quality, health risk, dose–response.

Surface ozone variations at a rural area in the northeast of the Iberian
Peninsula
Jose A. Adame, Jose G. Sole
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Source: Atmospheric Pollution Research (APR)Volume: 4 Issue: 2 Pages: 130141 Published: APRIL 2013 DOI: 10.5094/APR.2013.013
The aim of this paper is to study the levels and variability of surface ozone
in the lower Ebre Valley and to estimate whether this surface ozone has its
origin in local photochemical processes or in long–range transport. Surface
ozone data series of twelve years (1994–2005) have been used from a
rural area (Ebre Observatory) together with three years (2003–2005) data
of nitrogen dioxide (NO2). Ozone trends over the whole seasonal period,
weekly and daily variations and exceedances of the legal threshold have
been investigated. Furthermore, a representative ozone event has been
studied in detail. Using ozone data from the twelve–year period resulted in a
positive trend with an increase of 2.18 μg m–3 year–1 and 0.64 μg m–3
year–1 in summer and winter, respectively. The seasonal evolution of ozone
gives a minimum value in winter and a maximum higher than 75 μg m–3
associated with the minimum values of NO2. Ozone–NO2 variation shows a
weak ozone increase on weekdays and a small decrease in NO2
concentrations at the weekends. Hence, a weekend effect is not observed.
Ozone and NO2 concentrations show a diurnal pattern with NO2 peaks both
in the early morning and in the evening, and maximum ozone
concentrations, higher than 90–100 μg m–3, from 12:00 to 18:00 UTC in
the warmer seasons. The threshold for the protection of human health has
been exceeded from March to September each year, with a mean of 33
times per year. An event with high ozone levels originated by transport
processes from the Mediterranean area was also analysed. The results
suggest that high ozone could be caused mainly by transport mechanisms,
and the Ebre valley could be considered to be a natural communication
channel between the western Mediterranean basin and the Atlantic Ocean.
Keywords: Ozone, nitrogen oxides, ozone trends, seasonal–weekly–daily
variations, ozone episode.

Dispersion model evaluation of PM2.5, NOX and SO2 from point and
major line sources in Nova Scotia, Canada using AERMOD Gaussian
plume air dispersion model
Mark D. Gibson, Soumita Kundu, Mysore Satish
Source: Atmospheric Pollution Research (APR)Volume: 4 Issue: 2 Pages: 157167 Published: APRIL 2013 DOI: 10.5094/APR.2013.016
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AERMOD was used to model the air dispersion of point and major line
emissions of PM2.5 in Halifax and Pictou, NOX in Halifax and SO2 in
Halifax, Sydney and Port Hawkesbury, Nova Scotia, Canada. Emission
inventory data for 2004 were used in simulations within four, 50 km x 50
km, domains over annual, monthly and 1–hour averaging periods. Annual
averaged surface concentration maps are reported. Modeled versus observed
comparisons were made within each domain at the Government, National Air
Pollution Surveillance (NAPS) monitoring sites (discrete receptors).
Evaluation of the model was conducted on the annual, monthly and hourly
results using a number of statistical methods that included R2, fractional
bias, normalized mean square error and the fraction of predictions within a
factor of two of the observations. The AERMOD model evaluation showed
that there was good agreement between the modeled and observed SO2
concentration for the annual and monthly comparison but less skill at
estimating the hourly comparisons for SO2 in Halifax and Sydney. AERMOD
showed poor model skill at predicting SO2 in Port Hawkesbury over the
same averaging periods. The model evaluation for PM2.5 in Halifax, PM2.5
in Pictou and NOX in Halifax showed poor agreements and model skill. The
surface concentrations from the point and major lines sources in all domains
from all metrics were found to be well below the National Air Quality
Standards. AERMOD has shown its utility as a suitable model for conducting
dispersion modeling from point and line sources in Nova Scotia with good
model skill for estimating annual and monthly SO2 concentrations in Halifax
and Sydney. The study highlights the validity of using emission inventory
data to estimate the surface impact of major point and line sources within
domains containing complex terrain, differing land use types and with large
variability within the annual meteorology.

Retrieval of PM10 Concentration from an AOT Passive Remote-Sensing
Station between 2003 and 2007 over Northern France
Houda Yahi, Alain Weill, Michel Crepon, Antoni Ung, Sylvie Thiria
Source: OJAP> Vol.2 No.4, December 2013
A method of retrieving PM10 particles concentrations at the ground level from
AOT (Aerosol Optical Thickness) measurements is presented. It uses data
obtained among five years during 2003 to 2007 summers in the Lille region
(northern France). As PM10 concentration strongly depends on
meteorological variables, we clustered the meteorological situations provided
by the MM5 meteorological model forced at the lateral boundaries by the
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operational NCEP model in eight classes (local weather types) for which a
robust statistical relationship between AOT and PM10 was found. The
meteorological situations were defined by the hourly vertical profiles of
temperature and (zonal and meridian) wind components. The clustering of
the weather types were obtained by a self-organizing map (SOM) followed
by a hierarchical ascending classification (HAC). We were then able to
retrieve the PM10 at the surface from the AERONET AOT measurements for
each weather type by doing non linear regressions with dedicated SOMs.
The method is general and could be extended to other regions. We
analyzed the strong pollution event that occurred during August 2003 heat
wave. Comparison of the results from our method with the output of the
CHIMERE chemical-transport model showed the interest to tentatively combine
these two pieces of information to improve particle pollution alert. A method
of retrieving PM10 particles concentrations at the ground level from AOT
(Aerosol Optical Thickness) measurements is presented. It uses data
obtained among five years during 2003 to 2007 summers in the Lille region
(northern France). As PM10 concentration strongly depends on
meteorological variables, we clustered the meteorological situations provided
by the MM5 meteorological model forced at the lateral boundaries by the
operational NCEP model in eight classes (local weather types) for which a
robust statistical relationship between AOT and PM10 was found. The
meteorological situations were defined by the hourly vertical profiles of
temperature and (zonal and meridian) wind components. The clustering of
the weather types were obtained by a self-organizing map (SOM) followed
by a hierarchical ascending classification (HAC). We were then able to
retrieve the PM10 at the surface from the AERONET AOT measurements for
each weather type by doing non linear regressions with dedicated SOMs.
The method is general and could be extended to other regions. We
analyzed the strong pollution event that occurred during August 2003 heat
wave. Comparison of the results from our method with the output of the
CHIMERE chemical-transport model showed the interest to tentatively combine
these two pieces of information to improve particle pollution alert.

Measurement of Volcanic SO2 Concentration in Miyakejima Using
Differential Optical Absorption Spectroscopy (DOAS)
Ippei Harada, Yotsumi Yoshii, Yasuto Kaba, Hayato Saito, Yutaro Goto, Ilham
Alimuddin, Kenji Kuriyama, Isao Machida, Hiroaki Kuze
Source: OJAP> Vol.2 No.2, June 2013
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Since the volcanic eruption in 2000, continuous monitoring of sulfur dioxide
(SO2) gas has been conducted with in-situ samplers located along the
seashore road in Miyakejima, a volcano island around 180 kmsouth of
Tokyo. The purpose of these sampling measurements has been to issue
warning on the hazardous air pollution to the local residents. Therefore, the
resulting data do not provide direct information on pollution levels inside the
restricted areas where high concentration of SO2 still takes place frequently.
From the ecological point of view, it is desirable to have pollution data
covering wider regions of the island. In this paper we report on our
differential optical absorption spectroscopy (DOAS) measurements carried out
inside the highly-polluted, restricted areas in Miyakejima in December 2009
and September 2010. The system is based on continuous light emitted from
a xenon light sources, while detector setups consisting of a telescope and a
compact spectrometer detect the light after passing a nearly horizontal optical
path of460 m-1300 m. By virtue of the portability of the DOAS observation
systems, we achieved the measurement of the concentrations inside the
restricted districts in the eastern and southwestern parts of the island. The
DOAS results in both of these districts revealed the occurrence of pollution
of volcanic gas even when no pollution was observed at nearby sampling
stations. In addition, simultaneous measurements with two nearly orthogonal
DOAS paths were conducted for examining the spatial distribution of the
volcanic gas over the spatial range of several hundred meters. The result of
this two paths measurement has indicated the importance of orography, in
addition to the wind speed and wind direction, in determining the spatial
concentration of SO2 emitted from the volcano crater. KEYWORDS
Miyakejima, SO2 Concentration, Air Pollution, Sampling Measurement, DOAS.

Physical–chemical characterisation of the particulate matter inside two
road tunnels in the São Paulo Metropolitan Area
J. Brito1, L. V. Rizzo2, P. Herckes3, P. C. Vasconcellos4, S. E. S. Caumo4, A.
Fornaro5, R. Y. Ynoue5, P. Artaxo1, and M. F. Andrade5
Source: Atmos. Chem. Phys., 13, 12199-12213, 2013 www.atmos-chemphys.net/13/12199/2013/ doi:10.5194/acp-13-12199-2013
he notable increase in biofuel usage by the road transportation sector in
Brazil during recent years has significantly altered the vehicular fuel
composition. Consequently, many uncertainties are currently found in
particulate matter vehicular emission profiles. In an effort to better
characterise the emitted particulate matter, measurements of aerosol physical
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and chemical properties were undertaken inside two tunnels located in the
São Paulo Metropolitan Area (SPMA). The tunnels show very distinct fleet
profiles: in the Jânio Quadros (JQ) tunnel, the vast majority of the
circulating fleet are light duty vehicles (LDVs), fuelled on average with the
same amount of ethanol as gasoline. In the Rodoanel (RA) tunnel, the
particulate emission is dominated by heavy duty vehicles (HDVs) fuelled
with diesel (5% biodiesel). In the JQ tunnel, PM2.5 concentration was on
average 52 μg m−3, with the largest contribution of organic mass (OM,
42%), followed by elemental carbon (EC, 17%) and crustal elements
(13%). Sulphate accounted for 7% of PM2.5 and the sum of other trace
elements was 10%. In the RA tunnel, PM2.5 was on average 233 μg
m−3, mostly composed of EC (52%) and OM (39%). Sulphate, crustal
and the trace elements showed a minor contribution with 5%, 1%, and 1%,
respectively. The average OC: EC ratio in the JQ tunnel was 1.59 ± 0.09,
indicating an important contribution of EC despite the high ethanol fraction in
the fuel composition. In the RA tunnel, the OC: EC ratio was 0.49 ± 0.12,
consistent with previous measurements of diesel-fuelled HDVs. Besides bulk
carbonaceous aerosol measurement, polycyclic aromatic hydrocarbons (PAHs)
were quantified. The sum of the PAHs concentration was 56 ± 5 ng m−3
and 45 ± 9 ng m−3 in the RA and JQ tunnel, respectively. In the JQ
tunnel, benzo(a)pyrene (BaP) ranged from 0.9 to 6.7 ng m−3 (0.02–
0.1‰ of PM2.5) whereas in the RA tunnel BaP ranged from 0.9 to 4.9
ng m−3 (0.004–0. 02‰ of PM2.5), indicating an important relative
contribution of LDVs emission to atmospheric BaP. Real-time measurements
performed in both tunnels provided aerosol size distributions and optical
properties. The average particle count yielded 73 000 cm−3 in the JQ
tunnel and 366 000 cm−3 in the RA tunnel, with an average diameter of
48 nm in the former and 39 nm in the latter. Aerosol single scattering
albedo, calculated from scattering and absorption observations in the JQ
tunnel, indicates a value of 0.5 associated with LDVs. Such single scattering
albedo is 20–50% higher than observed in previous tunnel studies, possibly
as a result of the large biofuel usage. Given the exceedingly high equivalent
black carbon loadings in the RA tunnel, real time light absorption
measurements were possible only in the JQ tunnel. Nevertheless, using EC
measured from the filters, a single scattering albedo of 0.31 for the RA
tunnel has been estimated. The results presented here characterise particulate
matter emitted from nearly 1 million vehicles fuelled with a considerable
amount of biofuel, providing a unique experimental site worldwide.

Biogenic and biomass burning organic aerosol in a boreal forest at
Hyytiälä, Finland, during HUMPPA-COPEC 2010
101

A. L. Corrigan, L. M. Russell, S. Takahama, M. Äijälä, M. Ehn, H. Junninen, J.
Rinne, T. Petäjä, M. Kulmala, A. L. Vogel, T. Hoffmann, C. J. Ebben5, F. M.
Geiger, P. Chhabra, J. H. Seinfeld, D. R. Worsnop, W. Song, J. Auld, and J.
Williams
Source: Atmos. Chem. Phys., 13, 12233-12256, 2013 www.atmos-chemphys.net/13/12233/2013/ doi:10.5194/acp-13-12233-2013
Submicron aerosol particles were collected during July and August 2010 in
Hyytiälä, Finland, to determine the composition and sources of aerosol at
that boreal forest site. Submicron particles were collected on Teflon filters
and analyzed by Fourier transform infrared (FTIR) spectroscopy for organic
functional groups (OFGs). Positive matrix factorization (PMF) was applied
to aerosol mass spectrometry (AMS) measurements and FTIR spectra to
identify summertime sources of submicron aerosol mass at the sampling site.
The two largest sources of organic mass (OM) in particles identified at
Hyytiälä were (1) biogenic aerosol from surrounding local forest and (2)
biomass burning aerosol, transported 4–5 days from large wildfires burning
near Moscow, Russia, and northern Ukraine. The robustness of this
apportionment is supported by the agreement of two independent analytical
methods for organic measurements with three statistical techniques. FTIR
factor analysis was more sensitive to the chemical differences between
biogenic and biomass burning organic components, while AMS factor analysis
had a higher time resolution that more clearly linked the temporal behavior
of separate OM factors to that of different source tracers even though their
fragment mass spectrum were similar. The greater chemical sensitivity of the
FTIR is attributed to the nondestructive preparation and the functional group
specificity of spectroscopy. The FTIR spectra show strong similarities among
biogenic and biomass burning factors from different regions as well as with
reference OM (namely olive tree burning organic aerosol and α-pinene
chamber secondary organic aerosol (SOA)). The biogenic factor correlated
strongly with temperature and oxidation products of biogenic volatile organic
compounds (BVOCs), included more than half of the oxygenated OFGs
(carbonyl groups at 29% and carboxylic acid groups at 22%), and
represented 35% of the submicron OM. Compared to previous studies at
Hyytiälä, the summertime biogenic OM is 1.5 to 3 times larger than
springtime biogenic OM (0.64 μg m−3 and 0.4 μg m−3, measured in
2005 and 2007, respectively), even though it contributed only 35% of OM.
The biomass burning factor contributed 25% of OM on average and up to
62% of OM during three periods of transported biomass burning emissions:
26–28 July, 29–30 July, and 8–9 August, with OFG consisting mostly of
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carbonyl (41%) and alcohol (25%) groups. The high summertime terrestrial
biogenic OM (1.7 μg m−3) and the high biomass burning contributions
(1.2 μg m−3) were likely due to the abnormally high temperatures that
resulted in both stressed boreal forest conditions with high regional BVOC
emissions and numerous wildfires in upwind regions.

Black carbon over the South China Sea and in various continental
locations in South China
D. Wu, C. Wu, B. Liao, H. Chen, M. Wu, F. Li, H. Tan, T. Deng, H. Li, D. Jiang,
and J. Z. Yu
Source: Atmos. Chem. Phys., 13, 12257-12270, 2013 www.atmos-chemphys.net/13/12257/2013/ doi:10.5194/acp-13-12257-2013
Black carbon (BC) is an important atmospheric constituent as an air
pollutant and as a climate forcer. To our knowledge, field measurements of
BC have not been reported over the South China Sea. Observations of
light-absorption coefficients (σabs) and BC concentrations by Aethalometer
were conducted on Yongxing Island in the South China Sea and at five
continental sites in the Pearl River delta (PRD) region, South China, in
two periods: 16 May–20 June 2008 in the rainy season and 12 December
2008–8 January 2009 in the dry season. At the oceanic site, the daily
average BC concentrations varied from 0.28 to 2.14 μg m−3 and variations
of BC were small between the two periods (0.67 in the dry season
sampling period and 0.54 μg m−3 in the rainy season sampling period).
Similarly, little difference in BC level was found at a rural site in PRD
between the two sampling periods (2.88 and 2.62 μg m–3). At the PRD
urban sites, the daily average concentration of BC ranged from 1.56 to
37.9 μg m−3, higher in the dry season sampling period (12.31 μg m–3)
and lower in the rainy season sampling period (6.17 μg m–3). The
observed average σabs values in rainy vs. dry season sampling periods are
119 vs. 62 Mm−1 at the PRD urban sites, 29 vs. 26 Mm−1 at the PRD
background site, and 8.4 vs. 7.2 Mm−1 at the marine site. At
urban/suburban PRD sites, BC was observed to have a diurnal pattern of
higher concentrations at night and at the urban sites a small peak in the
early morning rush hour.

Long-term measurements of aerosol and carbon monoxide at the
ZOTTO tall tower to characterize polluted and pristine air in the
Siberian taiga
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X. Chi, J. Winderlich, J.-C. Mayer, A. V. Panov, M. Heimann, W. Birmili, J.
Heintzenberg, Y. Cheng, and M. O. Andreae
Source: Atmos. Chem. Phys., 13, 12271-12298, 2013 www.atmos-chemphys.net/13/12271/2013/ doi:10.5194/acp-13-12271-2013
Siberia is one of few continental regions in the Northern Hemisphere where
the atmosphere may sometimes approach pristine background conditions. We
present the time series of aerosol and carbon monoxide (CO)
measurements between September 2006 and December 2011 at the Zotino
Tall Tower Observatory (ZOTTO) in Central Siberia (61° N; 89° E). We
investigate the seasonal, weekly and diurnal variations of aerosol properties
(including absorption and scattering coefficients and derived parameters, such
as equivalent black carbon (BCe), Ångström exponent, single scattering
albedo, and backscattering ratio) and the CO mixing ratios. Criteria were
established to distinguish polluted from near-pristine air masses, providing
quantitative characteristics for each type. Depending on the season, 23–36%
of the sampling time at ZOTTO was found to be representative of a clean
atmosphere. The summer pristine data indicate that primary biogenic and
secondary organic aerosol formation are quite strong particle sources in the
Siberian taiga. The summer seasons 2007–2008 were dominated by an
Aitken mode around 80 nm size, whereas the summer 2009 with prevailing
easterly winds produced particles in the accumulation mode around 200 nm
size. We found these differences to be mainly related to air temperature,
through its effect on the production rates of biogenic volatile organic
compounds (VOC) precursor gases. In winter, the particle size distribution
peaked at 160 nm, and the footprint of clean background air was
characteristic for aged particles from anthropogenic sources at great distances
from ZOTTO and diluted biofuel burning emissions from domestic heating.
The wintertime polluted air originates mainly from large cities south and
southwest of the site; these particles have a dominant mode around 100
nm, and the ΔBCe / ΔCO ratio of 7–11 ng m−3 ppb−1 suggests dominant
contributions from coal and biofuel burning for heating. During summer,
anthropogenic emissions are the dominant contributor to the pollution particles
at ZOTTO, while only 12% of the polluted events are classified as biomassburning-dominated, but then often associated with extremely high CO
concentrations and aerosol absorption coefficients. Two biomass-burning case
studies revealed different ΔBCe / ΔCO ratios from different fire types, with
the agricultural fires in April~2008 yielding a very high ratio of 21 ng m−3
ppb−1. Overall, we find that anthropogenic sources dominate the aerosol
population at ZOTTO most of the time, even during nominally clean episodes
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in winter, and that near-pristine conditions are encountered only in the
growing season and then only episodically.

Vertical profiling of aerosol particles and trace gases over the central
Arctic Ocean during summer
P. Kupiszewski, C. Leck, M. Tjernström, S. Sjogren, J. Sedlar, M. Graus, M.
Müller, B. Brooks, E. Swietlicki, S. Norris, and A. Hansel
Source: Atmos. Chem. Phys., 13, 12405-12431, 2013 www.atmos-chemphys.net/13/12405/2013/ doi:10.5194/acp-13-12405-2013
Unique measurements of vertical size-resolved aerosol particle concentrations,
trace gas concentrations and meteorological data were obtained during the
Arctic Summer Cloud Ocean Study (ASCOS, www.ascos.se), an
International Polar Year project aimed at establishing the processes
responsible for formation and evolution of low-level clouds over the high
Arctic summer pack ice. The experiment was conducted from on board the
Swedish icebreaker Oden, and provided both ship- and helicopter-based
measurements. This study focuses on the vertical helicopter profiles and
onboard measurements obtained during a three-week period when Oden was
anchored to a drifting ice floe, and sheds light on the characteristics of
Arctic aerosol particles and their distribution throughout the lower atmosphere.
Distinct differences in aerosol particle characteristics within defined atmospheric
layers are identified. Within the lowermost couple hundred metres, transport
from the marginal ice zone (MIZ), condensational growth and cloud
processing develop the aerosol population. During two of the four
representative periods defined in this study, such influence is shown. At
altitudes above about 1 km, long-range transport occurs frequently. However,
only infrequently does large-scale subsidence descend such air masses to
become entrained into the mixed layer in the high Arctic, and therefore
long-range transport plumes are unlikely to directly influence low-level
stratiform cloud formation. Nonetheless, such plumes can influence the
radiative balance of the planetary boundary layer (PBL) by influencing
formation and evolution of higher clouds, as well as through precipitation
transport of particles downwards. New particle formation was occasionally
observed, particularly in the near-surface layer. We hypothesize that the
origin of these ultrafine particles could be in biological processes, both
primary and secondary, within the open leads between the pack ice and/or
along the MIZ. In general, local sources, in combination with upstream
boundary-layer transport of precursor gases from the MIZ, are considered to
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constitute the origin of cloud condensation nuclei (CCN) particles and thus
be of importance for the formation of interior Arctic low-level clouds during
summer, and subsequently, through cloud influences, for the melting and
freezing of sea ice.

In situ detection of electrified aerosols in the upper troposphere and
stratosphere
J.-B. Renard, S. N. Tripathi, M. Michael, A. Rawal, G. Berthet, M. Fullekrug, R.
G. Harrison, C. Robert, M. Tagger, and B. Gaubicher
Source: Atmos. Chem. Phys., 13, 11187-11194, 2013 www.atmos-chemphys.net/13/11187/2013/ doi:10.5194/acp-13-11187-2013
Electrified aerosols have been observed in the lower troposphere and in the
mesosphere, but have never been detected in the stratosphere and upper
troposphere. We present measurements of aerosols obtained during a balloon
flight to an altitude of ~ 24 km. The measurements were performed with an
improved version of the Stratospheric and Tropospheric Aerosol Counter
(STAC) aerosol counter dedicated to the search for charged aerosols. It is
found that most of the aerosols are charged in the upper troposphere for
altitudes below 10 km and in the stratosphere for altitudes above 20 km.
Conversely, the aerosols seem to be uncharged between 10 km and 20 km.
Model calculations are used to quantify the electrification of the aerosols with
a stratospheric aerosol-ion model. The percentages of charged aerosols
obtained with model calculations are in excellent agreement with the
observations below 10 km and above 20 km. However, the model cannot
reproduce the absence of electrification found in the lower stratosphere, as
the processes leading to neutralisation in this altitude range are unknown.
The presence of sporadic transient layers of electrified aerosol in the upper
troposphere and in the stratosphere could have significant implications for
sprite formation.

Impact of the North Atlantic Oscillation on European aerosol ground
levels through local processes: a seasonal model-based assessment
using fixed anthropogenic emissions
S. Jerez1, P. Jimenez-Guerrero2, J. P. Montávez2, and R. M. Trigo1
Source: Atmos. Chem. Phys., 13, 11195-11207, 2013 www.atmos-chemphys.net/13/11195/2013/ doi:10.5194/acp-13-11195-2013
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The North Atlantic Oscillation (NAO) controls a large amount of the
European climate variability with asymmetric impacts in both time and space.
Here we investigate how the NAO impact on the local atmospheric processes
(disregarding the NAO impact on the large inter-continental transport
mechanisms) influences the levels of various aerosol species using simulated
data under constant emissions, which are fixed to the 2005 levels in order
to avoid anthropogenic-induced signals. In particular, we analyze interannual
variations at the seasonal timescale and focus on the ground-level. The
results show that positive NAO phases favor increased aerosol concentrations
in southern (northern) regions during winter (summer), while negative NAO
phases enhance them in northern (southern) regions during winter
(summer). The underlying processes are clearly related to the NAO impact
on precipitation and wind, as they act to clean the atmosphere through
removal and dispersion processes, and to the NAO impact on the radiation
balance (i.e., cloudiness) as it affects the biogenic emitting activity and on
the oxidative capacity of the atmosphere. Differences for all the species
studied (natural inert, secondary inorganic and organic aerosols) are up to
5 μg m−3, reaching 10 and 20 μg m−3 for PM10 and PM2.5 respectively,
which represents variations of about 20–40% in their mean levels between
opposite NAO phases.

Linking biogenic hydrocarbons to biogenic aerosol in the Borneo
rainforest
J. F. Hamilton, M. R. Alfarra, N. Robinson, M. W. Ward, A. C. Lewis, G. B.
McFiggans, H. Coe, and J. D. Allan
Source: Atmos. Chem. Phys., 13, 11295-11305, 2013 www.atmos-chemphys.net/13/11295/2013/ doi: 10.5194/acp-13-11295-2013
Emissions of biogenic volatile organic compounds are though to contribute
significantly to secondary organic aerosol formation in the tropics, but
understanding these transformation processes has proved difficult, due to the
complexity of the chemistry involved and very low concentrations. Aerosols
from above a Southeast Asian tropical rainforest in Borneo were characterised
using liquid chromatography–ion trap mass spectrometry, high-resolution
aerosol mass spectrometry and Fourier transform ion cyclotron resonance
mass spectrometry (FTICRMS) techniques. Oxygenated compounds were
identified in ambient organic aerosol that could be directly traced back to
isoprene, monoterpenes and sesquiterpene emissions, by combining field data
on chemical structures with mass spectral data generated from synthetically
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produced products created in a simulation chamber. Eighteen oxygenated
species of biogenic origin were identified in the rainforest aerosol from the
precursors isoprene, α-pinene, limonene, α-terpinene and β-caryophyllene.
The observations provide the unambiguous field detection of monoterpene and
sesquiterpene oxidation products in SOA above a pristine tropical rainforest.
The presence of 2-methyl tetrol organosulfates and an associated sulfated
dimer provides direct evidence that isoprene in the presence of sulfate
aerosol can make a contribution to biogenic organic aerosol above tropical
forests. High-resolution mass spectrometry indicates that sulfur can also be
incorporated into oxidation products arising from monoterpene precursors in
tropical aerosol.

Biogenic VOC oxidation and organic aerosol formation in an urban
nocturnal boundary layer: aircraft vertical profiles in Houston, TX
S. S. Brown, W. P. Dubé, R. Bahreini, A. M. Middlebrook, C. A. Brock1, C.
Warneke1, J. A. de Gouw, R. A. Washenfelder, E. Atlas, J. Peischl, T. B.
Ryerson, J. S. Holloway, J. P. Schwarz, R. Spackman, M. Trainer, D. D. Parrish,
F. C. Fehshenfeld, and A. R. Ravishankara
Source: Atmos. Chem. Phys., 13, 11317-11337, 2013 www.atmos-chemphys.net/13/11317/2013/ doi:10.5194/acp-13-11317-2013
Organic compounds are a large component of aerosol mass, but organic
aerosol (OA) sources remain poorly characterized. Recent model studies
have suggested nighttime oxidation of biogenic hydrocarbons as a potentially
large OA source, but analysis of field measurements to test these predictions
is sparse. We present nighttime vertical profiles of nitrogen oxides, ozone,
VOCs and aerosol composition measured during low approaches of the
NOAA P-3 aircraft to airfields in Houston, TX. This region has large
emissions of both biogenic hydrocarbons and nitrogen oxides. The latter
category serves as a source of the nitrate radical, NO3, a key nighttime
oxidant. Biogenic VOCs (BVOC) and urban pollutants were concentrated
within the nocturnal boundary layer (NBL), which varied in depth from 100–
400 m. Despite concentrated NOx at low altitude, ozone was never titrated
to zero, resulting in rapid NO3 radical production rates of 0.2–2.7 ppbv h−1
within the NBL. Monoterpenes and isoprene were frequently present within
the NBL and underwent rapid oxidation (up to 1 ppbv h−1), mainly by
NO3 and to a lesser extent O3. Concurrent enhancement in organic and
nitrate aerosol on several profiles was consistent with primary emissions and
with secondary production from nighttime BVOC oxidation, with the latter
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equivalent to or slightly larger than the former. Some profiles may have
been influenced by biomass burning sources as well, making quantitative
attribution of organic aerosol sources difficult. Ratios of organic aerosol to
CO within the NBL ranged from 14 to 38 μg m−3 OA/ppmv CO. A box
model simulation incorporating monoterpene emissions, oxidant formation rates
and monoterpene SOA yields suggested overnight OA production of 0.5 to 9
μg m−3.

Dry deposition of nitrogen compounds (NO2, HNO3, NH3), sulfur dioxide
and ozone in west and central African ecosystems using the inferential
method
M. Adon, C. Galy-Lacaux, C. Delon, V. Yoboue, F. Solmon, and A. T. Kaptue
Tchuente
Source: Atmos. Chem. Phys., 13, 11351-11374, 2013 www.atmos-chemphys.net/13/11351/2013/ doi:10.5194/acp-13-11351-2013
This work is part of the IDAF program (IGAC-DEBITS-AFRICA) and is
based on the long-term monitoring of gas concentrations (1998–2007)
established at seven remote sites representative of major African ecosystems.
Dry deposition fluxes were estimated by the inferential method using on the
one hand surface measurements of gas concentrations (NO2, HNO3, NH3,
SO2 and O3) and on the other hand modeled exchange rates. Dry
deposition velocities (Vd) were calculated using the big-leaf model of
Zhang et al. (2003b). The bidirectional approach is used for NH3 surface–
atmosphere exchange (Zhang et al., 2010). Surface and meteorological
conditions specific to IDAF sites have been used in the models of
deposition. The seasonal and annual mean variations of gaseous dry
deposition fluxes (NO2, HNO3, NH3, O3 and SO2) are analyzed. Along
the latitudinal transect of ecosystems, the annual mean dry deposition fluxes
of nitrogen compounds range from −0.4 to −0.8 kg N ha−1 yr−1 for NO2,
from −0.7 to −1.0 kg N ha−1 yr−1 for HNO3 and from −0.7 to −8.3 kg
N ha−1 yr−1 for NH3 over the study period (1998–2007). The total
nitrogen dry deposition flux (NO2+HNO3+NH3) is more important in forests
(−10 kg N ha−1 yr−1) than in wet and dry savannas (−1.6 to −3.9 kg N
ha−1 yr−1). The annual mean dry deposition fluxes of ozone range between
−11 and −19 kg ha−1 yr−1 in dry and wet savannas, and −11 and −13 kg
ha−1 yr−1 in forests. Lowest O3 dry deposition fluxes in forests are
correlated to low measured O3 concentrations, lower by a factor of 2–3,
compared to other ecosystems. Along the ecosystem transect, the annual
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mean of SO2 dry deposition fluxes presents low values and a small
variability (−0.5 to −1 kg S ha−1 yr−1). No specific trend in the
interannual variability of these gaseous dry deposition fluxes is observed over
the study period.

A global ozone climatology from ozone soundings via trajectory
mapping: a stratospheric perspective
J. Liu, D. W. Tarasick, V. E. Fioletov, C. McLinden, T. Zhao4, S. Gong, C.
Sioris, J. J. Jin, G. Liu, and O. Moeini
Source: Atmos. Chem. Phys., 13, 11441-11464, 2013 www.atmos-chemphys.net/13/11441/2013/ doi:10.5194/acp-13-11441-2013
This study explores a domain-filling trajectory approach to generate a global
ozone climatology from relatively sparse ozonesonde data. Global ozone
soundings comprising 51 898 profiles at 116 stations over 44 yr (1965–
2008) are used, from which forward and backward trajectories are
calculated from meteorological reanalysis data to map ozone measurements to
other locations and so fill in the spatial domain. The resulting global ozone
climatology is archived monthly for five decades from the 1960s to the
2000s on a grid of 5° × 5° × 1 km (latitude, longitude, and altitude),
from the surface to 26 km altitude. It is also archived yearly for the same
period. The climatology is validated at 20 selected ozonesonde stations by
comparing the actual ozone sounding profile with that derived through
trajectory mapping of ozone sounding data from all stations except the one
being compared. The two sets of profiles are in good agreement, both
overall with correlation coefficient r = 0.991 and root mean square (RMS)
of 224 ppbv and individually with r from 0.975 to 0.998 and RMS from
87 to 482 ppbv. The ozone climatology is also compared with two sets of
satellite data from the Satellite Aerosol and Gas Experiment (SAGE) and
the Optical Spectrography and InfraRed Imager System (OSIRIS). The
ozone climatology compares well with SAGE and OSIRIS data in both
seasonal and zonal means. The mean differences are generally quite small,
with maximum differences of 20% above 15 km. The agreement is better in
the Northern Hemisphere, where there are more ozonesonde stations, than in
the Southern Hemisphere; it is also better in the middle and high latitudes
than in the tropics where reanalysis winds are less accurate. This ozone
climatology captures known features in the stratosphere as well as seasonal
and decadal variations of these features. The climatology clearly shows the
depletion of ozone from the 1970s to the mid 1990s and ozone increases
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in the 2000s in the lower stratosphere. When this climatology is used as
the upper boundary condition in an Environment Canada operational chemical
forecast model, the forecast is improved in the vicinity of the upper
troposphere-lower stratosphere (UTLS) region. This ozone climatology is
latitudinally, longitudinally, and vertically resolved and it offers more complete
high latitude coverage as well as a much longer record than current satellite
data. As the climatology depends on neither a priori data nor photochemical
modeling, it provides independent information and insight that can supplement
satellite data and model simulations of stratospheric ozone.

Secondary organic aerosol formation and primary organic aerosol
oxidation from biomass-burning smoke in a flow reactor during
FLAME-3
A. M. Ortega, D. A. Day, M. J. Cubison, W. H. Brune, D. Bon, J. A. de Gouw,
and J. L. Jimenez
Source: Atmos. Chem. Phys., 13, 11551-11571, 2013 www.atmos-chemphys.net/13/11551/2013/ doi:10.5194/acp-13-11551-2013
We report the physical and chemical effects of photochemically aging dilute
biomass-burning smoke. A "potential aerosol mass" (PAM) flow reactor
was used with analysis by a high-resolution aerosol mass spectrometer and
a proton-transfer-reaction ion-trap mass spectrometer during the FLAME-3
campaign. Hydroxyl (OH) radical concentrations in the reactor reached up
to ~1000 times average tropospheric levels, producing effective OH
exposures equivalent to up to 5 days of aging in the atmosphere, and
allowing for us to extend the investigation of smoke aging beyond the
oxidation levels achieved in traditional smog chambers. Volatile organic
compound (VOC) observations show aromatics and terpenes decrease with
aging, while formic acid and other unidentified oxidation products increase.
Unidentified gas-phase oxidation products, previously observed in atmospheric
and laboratory measurements, were observed here, including evidence of
multiple generations of photochemistry. Substantial new organic aerosol (OA)
mass ("net SOA"; secondary OA) was observed from aging biomassburning smoke, resulting in total OA average of 1.42 ± 0.36 times the
initial primary OA (POA) after oxidation. This study confirms that the netSOA-to-POA ratio of biomass-burning smoke is far lower on average than
that observed for urban emissions. Although most fuels were very
reproducible, significant differences were observed among the biomasses, with
some fuels resulting in a doubling of the OA mass, while for others a very
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small increase or even a decrease was observed. Net SOA formation in the
photochemical reactor increased with OH exposure (OHexp), typically
peaking around three days of equivalent atmospheric photochemical age
(OHexp~3.9 × 1011 molecules cm−3 s), then leveling off at higher
exposures. The amount of additional OA mass added from aging is positively
correlated with initial POA concentration, but not with the total VOC
concentration or the concentration of known SOA precursors. The mass of
SOA formed often exceeded the mass of the known VOC precursors,
indicating the likely importance of primary semivolatile/intermediate volatility
species, and possibly of unidentified VOCs as SOA precursors in biomass
burning smoke. Chemical transformations continued even after mass
concentration stabilized. Changes in the biomass-burning tracer f60 ranged
from substantially decreasing to remaining constant with increased aging. With
increased OHexp, oxidation was always detected (as indicated by f44 and
O/C). POA O/C ranged from 0.15 to 0.5, while aged OA O/C reached
up to 0.87. The rate of oxidation and maximum O/C achieved differs for
each biomass, and appears to increase with the initial O/C of the POA.

High levels of ultraviolet radiation observed by ground-based
instruments below the 2011 Arctic ozone hole
G. Bernhard, A. Dahlback, V. Fioletov, A. Heikkilä, B. Johnsen, T. Koskela4, K.
Lakkala, and T. Svendby
Source: Atmos. Chem. Phys., 13, 10573-10590, 2013 www.atmos-chemphys.net/13/10573/2013/ doi:10.5194/acp-13-10573-2013
Greatly increased levels of ultraviolet (UV) radiation were observed at
thirteen Arctic and sub-Arctic ground stations in the spring of 2011, when
the ozone abundance in the Arctic stratosphere dropped to the lowest
amounts on record. Measurements of the noontime UV Index (UVI) during
the low-ozone episode exceeded the climatological mean by up to 77% at
locations in the western Arctic (Alaska, Canada, Greenland) and by up to
161% in Scandinavia. The UVI measured at the end of March at the
Scandinavian sites was comparable to that typically observed 15–60 days
later in the year when solar elevations are much higher. The cumulative UV
dose measured during the period of the ozone anomaly exceeded the
climatological mean by more than two standard deviations at 11 sites.
Enhancements beyond three standard deviations were observed at seven sites
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and increases beyond four standard deviations at two sites. At the western
sites, the episode occurred in March, when the Sun was still low in the
sky, limiting absolute UVI anomalies to less than 0.5 UVI units. At the
Scandinavian sites, absolute UVI anomalies ranged between 1.0 and 2.2 UVI
units. For example, at Finse, Norway, the noontime UVI on 30 March was
4.7, while the climatological UVI is 2.5. Although a UVI of 4.7 is still
considered moderate, UV levels of this amount can lead to sunburn and
photokeratitis during outdoor activity when radiation is reflected upward by
snow towards the face of a person or animal. At the western sites, UV
anomalies can be well explained with ozone anomalies of up to 41% below
the climatological mean. At the Scandinavian sites, low ozone can only
explain a UVI increase of 50–60%. The remaining enhancement was mainly
caused by the absence of clouds during the low-ozone period.

Research on aerosol sources and chemical composition: Past, current
and emerging issues
A.I. Calvoa, , , C. Alvesa, A. Castrob, V. Pontc, A.M. Vicentea, R. Fraileb
Source: Atmospheric Research Volumes 120–121, February 2013, Pages 1–28
In spite of considerable progresses in recent years, a quantitative and
predictive understanding of atmospheric aerosol sources, chemical composition,
transformation processes and environmental effects is still rather limited, and
therefore represents a major research challenge in atmospheric science. This
review begins with a historical perspective on the scientific questions
regarding atmospheric aerosols over the past centuries, followed by a
description of the distribution, sources, transformation processes, and chemical
and physical properties as they are currently understood. The major open
questions and suggestions for future research priorities are outlined to narrow
the gap between the present understanding of the contribution of both
anthropogenic and biogenic aerosols to radiative forcing resulting from the
spatial non-uniformity, intermittency of sources, unresolved composition and
reactivity.

The variability of methane, nitrous oxide and sulfur hexafluoride in
Northeast India
A. L. Ganesan, A. Chatterjee, R. G. Prinn, C. M. Harth, P. K. Salameh, A. J.
Manning, B. D. Hall, J. Mühle, L. K. Meredith, R. F. Weiss, S. O'Doherty, and D.
Young
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Source: Atmos. Chem. Phys., 13, 10633-10644, 2013 www.atmos-chemphys.net/13/10633/2013/ doi:10.5194/acp-13-10633-2013
High-frequency atmospheric measurements of methane (CH4), nitrous oxide
(N2O) and sulfur hexafluoride (SF6) from Darjeeling, India are presented
from December 2011 (CH4)/March 2012 (N2O and SF6) through
February 2013. These measurements were made on a gas chromatograph
equipped with a flame ionization detector and electron capture detector, and
were calibrated on the Tohoku University, the Scripps Institution of
Oceanography (SIO)-98 and SIO-2005 scales for CH4, N2O and SF6,
respectively. The observations show large variability and frequent pollution
events in CH4 and N2O mole fractions, suggesting significant sources in the
regions sampled by Darjeeling throughout the year. By contrast, SF6 mole
fractions show little variability and only occasional pollution episodes, likely
due to weak sources in the region. Simulations using the Numerical
Atmospheric dispersion Modelling Environment (NAME) particle dispersion
model suggest that many of the enhancements in the three gases result
from the transport of pollutants from the densely populated Indo-Gangetic
Plains of India to Darjeeling. The meteorology of the region varies
considerably throughout the year from Himalayan flows in the winter to the
strong south Asian summer monsoon. The model is consistent in simulating
a diurnal cycle in CH4 and N2O mole fractions that is present during the
winter but absent in the summer and suggests that the signals measured at
Darjeeling are dominated by large-scale (~100 km) flows rather than local
(<10 km) flows.

Observational studies of the meteorological characteristics associated
with poor air quality over the Pearl River Delta in China
M. Wu, D. Wu1, Q. Fan, B. M. Wang, H. W. Li, and S. J. Fan
Source: Atmos. Chem. Phys., 13, 10755-10766, 2013 www.atmos-chemphys.net/13/10755/2013/ doi:10.5194/acp-13-10755-2013
The structure of the atmospheric boundary layer (ABL) and its influence on
regional air quality over the Pearl River Delta (PRD) were examined
through two intensive observations in October 2004 and July 2006.
Analytical results show the presence of two types of typical weather
conditions associated with poor air quality over the PRD. The first is the
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warm period before a cold front (WPBCF) and the second is the
subsidence period controlled by a tropical cyclone (SPCTC). Two typical
low air quality situations, which are affected by WPBCF and SPCTC, and
one high air quality situation were analysed in detail. Results showed that
continuously low or calm ground winds resulted in the accumulation of
pollutants, and sea-land breezes had an important role during low air quality
conditions. Data on recirculation factors showed that recirculation was
significant during low air quality conditions, and steady transportation occurred
during high air quality conditions. The ventilation index and the 24 h
average ventilation index during high air quality conditions were significantly
higher than those during low air quality conditions. Deep and stable inversion
layers inside the ABL remarkably affected low air quality. Surface and lowaltitude inversions were usually observed during WPBCF, contrary to during
SPCTC, during which only the low-altitude inversion appeared frequently.

A comparative study on the ultrafine particle episodes induced by
vehicle exhaust: A crude oil refinery and ship emissions
Yenny González, Sergio Rodríguez
Source: Atmospheric Research Volumes 120–121, February 2013, Pages 43–54
A study on the contribution of vehicle exhausts, ships and an oil refinery
emission to the ambient air concentration of ultrafine particles (UFPs) is
presented. It is based on a data set of particle number coarser than 2.5
nm (N), black carbon (BC), gaseous pollutants (NOx, SO2, CO and
O3), PM2.5 and PM10 measured from 2008 to 2010 in the ambient air of
Santa Cruz de Tenerife City, where a previous study found an association
between hospitalizations due to heart failure and exposure to UFPs in the
ambient air. The observed relationship between N, BC and gaseous
pollutants allowed segregating UFP concentrations in a set of components
linked to each source. It was found that vehicle exhausts contribute to the
background of UFPs, whereas high UFP episodes were due to the emissions
of the refinery and ships. The concentration of UFP linked to vehicle
exhaust emissions maximized in the morning (07:00–09:00 GMT, 5000–
25,000 cm− 3 = 25th–75th percentile), whereas those linked to ship
(15,000–45,000 cm− 3) and refinery (25,000–95,000 cm− 3) emissions
maximized in the 10:00–17:00 GMT period due to the effects of
meteorology and photochemistry. It was found that the UFP concentrations
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were more sensitive to the fresh emissions of the three sources than
PM2.5, which was mostly linked to aged fine particles (0.1–1 μm) of the
urban background. BC was the better tracer of vehicle exhaust emissions. It
was concluded that the simultaneous monitoring of UFP, BC and PM2.5 is
a suitable strategy of tracing aerosol pollutants of different nature (fresh vs.
aged) and from different sources.

Characterization of organic aerosol produced during pulverized coal
combustion in a drop tube furnace
X. Wang1, B. J. Williams1, X. Wang2, Y. Tang2, Y. Huang2, L. Kong2, X.
Yang2, and P. Biswas1
Source: Atmos. Chem. Phys., 13, 10919-10932, 2013 www.atmos-chemphys.net/13/10919/2013/ doi:10.5194/acp-13-10919-2013
Controlled bench scale pulverized coal combustion studies were performed,
demonstrating that inorganic particles play a critical role as carriers of
organic species. Two commonly-used aerosol mass spectrometry techniques
were applied to characterize fine particle formation during coal combustion. It
was found that the organic species in coal combustion aerosols have mass
spectra similar to those generated by biomass combustion. Ambient
measurements in Shanghai, China confirm the presence of these species in
approximately 29–38% of the sampled particles. With the absence of major
biomass sources in the Shanghai area, it is suggested that coal combustion
may be the main source of these particles. This work indicates there is a
significant potential for incorrect apportionment of coal combustion particles to
biomass burning sources using widely adopted mass spectrometry techniques.

High concentration episodes of PM10 in the air over the urbanized
coastal zone of the Baltic Sea (Gdynia — Poland)
Anita Urszula Lewandowska, , Lucyna Mirosława Falkowska
Source: Atmospheric Research Volumes 120–121, February 2013, Pages 55–67
During the
atmosphere
(inorganic
periods of
as well as

years 2008–2009, studies were conducted on PM10 in the
over Gdynia. The basic chemical composition of PM10 aerosols
species, organic and elemental carbon) was measured during
heightened health risk. As the quality of air depends on natural
anthropogenic factors, it was important to specify which of these
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factors prevail under different synoptic conditions and at different times, and
which have the greatest influence on human health. In the course of the
24-month research period, the daily PM10 limit value (50 μg·m− 3) in
the coastal zone of the Gulf of Gdansk, was exceeded 25 times. High
concentration episodes invariably occurred in the cold months of the year.
The first kind of episode was related to sea activity and the highest share
of sea salt in aerosols (NaCl = 46.5%). A second type of high PM10
concentration occurred at south-eastern advection when secondary aerosols,
aging on the way from the source, were carried over Gdynia. In the spring
of 2009, as a result of biomass combustion (fires and grass burning) in
Ukraine and Southern Russia, the PM10 mass concentration climbed to 117.1
μg·m− 3 and was accompanied by substantial increases in nitrogen, sulfur
and carbon compounds (reaching 32.5 μg·m− 3, 20.0 μg·m− 3, and 6.0
μg·m− 3, respectively). The third kind of high PM10 concentration was
related to local sources, mostly within the communal sector, the harbor area
and the transshipment base, and was the consequence of low dispersion of
pollution at a wind speed of 1 m·s− 1. At such times there was a rapid
increase of carbon compound concentrations (53.8%). Elemental carbon, an
air pollution indicator which originates from means of transport, had the
highest proportion in such instances, reaching 15.8% of the total PM10 mass
concentration.

Emissions of air pollutants and greenhouse gases over Asian regions
during 2000–2008: Regional Emission inventory in ASia (REAS) version
2
J. Kurokawa1,2, T. Ohara2, T. Morikawa3,4, S. Hanayama5, G. JanssensMaenhout6, T. Fukui7, K. Kawashima8, and H. Akimoto1
Source: Atmos. Chem. Phys., 13, 11019-11058, 2013 www.atmos-chemphys.net/13/11019/2013/ doi:10.5194/acp-13-11019-2013
We have updated the Regional Emission inventory in ASia (REAS) as
version 2.1. REAS 2.1 includes most major air pollutants and greenhouse
gases from each year during 2000 and 2008 and following areas of Asia:
East, Southeast, South, and Central Asia and the Asian part of Russia.
Emissions are estimated for each country and region using updated activity
data and parameters. Monthly gridded data with a 0.25° × 0.25° resolution
are also provided. Asian emissions for each species in 2008 are as follows
(with their growth rate from 2000 to 2008): 56.9 Tg (+34%) for SO2,
53.9 Tg (+54%) for NOx, 359.5 Tg (+34%) for CO, 68.5 Tg (+46%)
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for non-methane volatile organic compounds, 32.8 Tg (+17%) for NH3,
36.4 Tg (+45%) for PM10, 24.7 Tg (+42%) for PM2.5, 3.03 Tg
(+35%) for black carbon, 7.72 Tg (+21%) for organic carbon, 182.2 Tg
(+32%) for CH4, 5.80 Tg (+18%) for N2O, and 16.0 Pg (+57%) for
CO2. By country, China and India were respectively the largest and second
largest contributors to Asian emissions. Both countries also had higher growth
rates in emissions than others because of their continuous increases in
energy consumption, industrial activities, and infrastructure development. In
China, emission mitigation measures have been implemented gradually.
Emissions of SO2 in China increased from 2000 to 2006 and then began
to decrease as flue-gas desulphurization was installed to large power plants.
On the other hand, emissions of air pollutants in total East Asia except for
China decreased from 2000 to 2008 owing to lower economic growth rates
and more effective emission regulations in Japan, South Korea, and Taiwan.
Emissions from other regions generally increased from 2000 to 2008,
although their relative shares of total Asian emissions are smaller than those
of China and India. Tables of annual emissions by country and region
broken down by sub-sector and fuel type, and monthly gridded emission
data with a resolution of 0.25° × 0.25° for the major sectors are available
from the following URL: http://www.nies.go.jp/REAS/.

Characterization, concentrations and emission rates of polycyclic
aromatic hydrocarbons in the exhaust emissions from in-service
vehicles in Damascus
Farouk Alkurdia, , , François Karabeta, Marwan Dimashki
Source: Atmospheric Research Volumes 120–121, February 2013, Pages 68–77
Motor vehicles are significant sources of polycyclic aromatic hydrocarbon
(PAH) emissions to the urban atmosphere. Improved understanding of PAH
emission profiles in mobile sources is the key to determining the viable
approach for reducing PAH emissions from motor vehicles. Very limited data
is available on the levels of PAH emissions in the urban atmospheres in
Syria and no data are currently available on the level of PAH emissions
from different combustion sources in the country. The aim of this study was
to determine the profile and concentration of PAH in exhaust emissions of
light and heavy-duty vehicles running on the roads of Damascus city. Three
different types of vehicles (passenger cars, minivans and buses) were
selected along with different age groups. Vapor- and particulate-phase PAH
were collected from the vehicular exhausts of six in-service vehicles
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(with/without catalytic converters). High-performance liquid chromatography
system, equipped with UV–Visible and fluorescence detectors, was used for
the identification and quantification of PAH compounds in the cleaned extracts
of the collected samples. The mean concentration of total PAH emissions
(sum of 15 compounds) from all types of studied vehicles ranged between
69.28 ± 1.06 μg/m3 for passenger cars equipped with catalytic converters
and 2169.41 ± 5.17 μg/m3 for old diesel buses without pollution controls.
Values of total benzo(a)pyrene equivalent (∑ B[a]Peq) ranged between
1.868 μg/m3and 37.652 μg/m3. The results obtained in this study showed
that the use of catalytic converters resulted into cleaner exhaust compositions
and emissions with characteristics that are distinct from those obtained in the
absence of catalytic converters.

The simulations of sulfuric acid concentration and new particle
formation in an urban atmosphere in China
Z. B. Wang, M. Hu, D. Mogensen, D. L. Yue, J. Zheng, R. Y. Zhang, Y. Liu, B.
Yuan, X. Li, M. Shao, L. Zhou, Z. J. Wu, A. Wiedensohler, and M. Boy
Source: Atmos. Chem. Phys., 13, 11157-11167, 2013 www.atmos-chemphys.net/13/11157/2013/ doi:10.5194/acp-13-11157-2013
Simulations of sulfuric acid concentration and new particle formation are
performed by using the zero-dimensional version of the model MALTE
(Model to predict new Aerosol formation in the Lower TropospherE) and
measurements from the Campaign of Air Quality Research in Beijing and
Surrounding areas (CAREBeijing) in 2008. Chemical reactions from the
Master Chemical Mechanism version 3.2 (MCM v3.2) are used in the
model. High correlation (slope = 0.72, R = 0.74) between the modelled
and observed sulfuric acid concentrations is found during daytime (06:00–
18:00). The aerosol dynamics are simulated by the University of Helsinki
Multicomponent Aerosol (UHMA) model including several nucleation
mechanisms. The results indicate that the model is able to predict the onand offset of new particle formation in an urban atmosphere in China. In
addition, the number concentrations of newly formed particles in kinetic-type
nucleation including homogenous homomolecular (J=K[H2SO4]2) and
homogenous
heteromolecular
nucleation
involving
organic
vapours
(J=Khet[H2SO4][Org]) are in satisfactory agreement with the observations.
However, the specific organic compounds that possibly participate in the
nucleation process should be investigated in further studies. For the particle
growth, only a small fraction of the oxidized total organics condense onto
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the particles in polluted environments. Meanwhile, the OH and O3 oxidation
mechanism contribute 5.5% and 94.5% to the volume concentration of small
particles, indicating the particle growth is more controlled by the precursor
gases and their oxidation by O3.

Analysis of a long-lasting haze episode in Nanjing, China
Hanqing Kang, Bin Zhu, , Jifeng Su, Honglei Wang, Qiuchen Zhang, Fei Wang
Source: Atmospheric Research Volumes 120–121, February 2013, Pages 78–87
A long-lasting haze episode occurred in Nanjing and its surrounding areas
from October 15 to 31, 2009. Aerosol physical, chemical and optical
properties during this pollution event were investigated. During the longlasting haze, the Yangtze River Delta (YRD) region was under the control
of a high-pressure system and surface pressure gradients were extremely
small. The transport and diffusion of air pollutants were suppressed by very
low surface wind speed, stably stratified atmosphere and lower mixing level
depth (MLD). Back trajectory analysis showed that local emission and
regional transport were important in this pollution process. The average
diurnal variation of Aitken mode and coarse mode particles had bimodal
distribution, which was mainly influenced by diurnal variation of atmospheric
boundary layer (ABL) and anthropogenic emissions. Accumulation mode
particles were mostly influenced by diurnal variation of ABL; while new
particle formation process was important for nucleation mode particles. The
peak value of aerosol particle number concentrations shifted to larger particle
sizes, perhaps due to the fact that the haze was favorable to accumulation
mode aerosols through collision and coagulation of Aitken mode particles.
The high ratio of NO3−/SO42 − indicated that traffic source became more
and more important in the YRD region. The average aerosol scattering
coefficient was 696.7 ± 445.4 M m− 1, mainly due to particle counts
within diameter intervals from 0.6 to 1.4 μm that increased remarkably
during the pollution process. Higher accumulation mode particle counts and
higher relative humidity were the main reasons for atmospheric visibility
impairment during the haze.

Chemical characteristics and source apportionment of fine particulate
organic carbon in Hong Kong during high particulate matter episodes in
winter 2003
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Yun-Chun Lia, b, , , Jian Zhen Yua, Steven Sai Hang Hoa, c, James J.
Schauerd, Zibing Yuane, f, Alexis K.H. Laue, f, Peter K.K. Louieg
Source: Atmospheric Research Volumes 120–121, February 2013, Pages 88–98
PM2.5 samples were collected at six general stations and one roadside
station in Hong Kong in two periods of high particulate matter (PM) in
2003 (27 October–4 November and 30 November–13 December). The
highest PM2.5 reached 216 μg m− 3 during the first high PM period and
113 μg m− 3 during the second high PM period. Analysis of synoptic
weather conditions identified individual sampling days under dominant influence
of one of three types of air masses, that is, local, regional and long‐range
transported (LRT) air masses. Roadside samples were discussed separately
due to heavy influences from vehicular emissions. This research examines
source apportionment of fine organic carbon (OC) and contribution of
secondary organic aerosol on high PM days under different synoptic
conditions. Six primary OC (POC) sources (vehicle exhaust, biomass
burning, cooking, cigarette smoke, vegetative detritus, and coal combustion)
were identified on the basis of characteristic organic tracers. Individual POC
source contributions were estimated using chemical mass balance model. In
the roadside and the local samples, OC was dominated by the primary
sources, accounting for more than 74% of OC. In the samples influenced by
regional and LRT air masses, secondary OC (SOC), which was
approximated to be the difference between the total measured OC and the
apportioned POC, contributed more than 54% of fine OC. SOC was highly
correlated with water‐soluble organic carbon and sulfate, consistent with its
secondary nature.

Effect of non-spherical dust aerosol on its direct radiative forcing
Zhili Wanga, Hua Zhangb , Xianwen Jinga, b, Xiaodong Wei
Source: Atmospheric Research Volumes 120–121, February 2013, Pages 112–126
The optical properties of spherical and non-spherical dust aerosols are
calculated using the Lorenz–Mie theory and the combination of T-matrix
method and an improved geometric optics method. The resulting optical
properties are then applied in an interactive system that coupled a general
circulation model with an aerosol model to quantitatively analyze the effect of
non-spherical dust aerosol on its direct radiative forcing (DRF). Our results
show that the maximum difference in dust instantaneous radiative forcing
(IRF) between spherical and non-spherical particles is 0.27 W m− 2 at
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the top of the atmosphere (TOA) and appears over the Sahara Desert due
to enhanced absorption of solar radiation by non-spherical dust. The global
annual means of shortwave (longwave) IRFs due to spherical and nonspherical dust aerosols at the TOA for all sky are − 0.62 (0.074) W m−
2 and − 0.61 (0.073) W m− 2, respectively, and the corresponding
values for clear sky are − 1.16 (0.092) W m− 2 and − 1.14 (0.093)
W m− 2, which indicates that the non-spherical effect of dust has almost
no effect on their global annual mean IRFs. However, non-spherical dust
displays more evident influences than above on its atmospheric- and landtemperature adjusted radiative forcing (AF) at the TOA over the Saharan
Desert, West Asia, and northern China, with an approximate maximum
increase of 3.0 and decrease of 0.5 W m− 2. The global annual means of
shortwave (longwave) AFs due to spherical and non-spherical dust aerosols
are − 0.55 (0.052) W m− 2 and − 0.48 (0.049) W m− 2 at the
TOA for all sky, respectively, and the corresponding values for clear sky are
− 1.07 (0.066) W m− 2 and − 0.95 (0.062) W m− 2. All AFs of
dust become much weaker than their corresponding IRFs. The absolute
values of annual mean AF for non-spherical dust are approximately 13%
(11.2%) and 6% (6%) less than those of spherical dust for the shortwave
and longwave for all sky (clear sky), respectively. The results indicate that
the non-spherical effect of dust can reduce their AFs more obviously than
do their IRFs.

Aerosol physical and chemical properties retrieved from ground-based
remote sensing measurements during heavy haze days in Beijing winter
Z. Li, X. Gu, L. Wang, D. Li, Y. Xie, K. Li, O. Dubovik, G. Schuster, P. Goloub,
Y. Zhang, L. Li, Y. Ma, and H. Xu
Source: Atmos. Chem. Phys., 13, 10171-10183, 2013 www.atmos-chemphys.net/13/10171/2013/ doi: 10.5194/acp-13-10171-2013
With the increase in economic development over the past thirty years, many
large cities in eastern and southwestern China are experiencing increased
haze events and atmospheric pollution, causing significant impacts on the
regional environment and even climate. However, knowledge on the aerosol
physical and chemical properties in heavy haze conditions is still insufficient.
In this study, two winter heavy haze events in Beijing that occurred in 2011
and 2012 were selected and investigated by using the ground-based remote
sensing measurements. We used a CIMEL CE318 sun–sky radiometer to
retrieve haze aerosol optical, physical and chemical properties, including
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aerosol optical depth (AOD), size distribution, complex refractive indices and
aerosol fractions identified as black carbon (BC), brown carbon (BrC),
mineral dust (DU), ammonium sulfate-like (AS) components and aerosol
water content (AW). The retrieval results from a total of five haze days
showed that the aerosol loading and properties during the two winter haze
events were comparable. Therefore, average heavy haze property parameters
were drawn to present a research case for future studies. The average AOD
is about 3.0 at 440 nm, and the Ångström exponent is 1.3 from 440 to
870 nm. The fine-mode AOD is 2.8 corresponding to a fine-mode fraction
of 0.93. The coarse particles occupied a considerable volume fraction of the
bimodal size distribution in winter haze events, with the mean particle radius
of 0.21 and 2.9 μm for the fine and coarse modes respectively. The real
part of the refractive indices exhibited a relatively flat spectral behavior with
an average value of 1.48 from 440 to 1020 nm. The imaginary part
showed spectral variation, with the value at 440 nm (about 0.013) higher
than the other three wavelengths (about 0.008 at 675 nm). The aerosol
composition retrieval results showed that volume fractions of BC, BrC, DU,
AS and AW are 1, 2, 49, 15 and 33%, respectively, on average for the
investigated haze events. The preliminary uncertainty estimation and
comparison of these remote sensing results with in situ BC and PM2.5
measurements are also presented in the paper. However, non-spherical dust
displays more evident influences than above on its atmospheric- and landtemperature adjusted radiative forcing (AF) at the TOA over the Saharan
Desert, West Asia, and northern China, with an approximate maximum
increase of 3.0 and decrease of 0.5 W m− 2. The global annual means of
shortwave (longwave) AFs due to spherical and non-spherical dust aerosols
are − 0.55 (0.052) W m− 2 and − 0.48 (0.049) W m− 2 at the
TOA for all sky, respectively, and the corresponding values for clear sky are
− 1.07 (0.066) W m− 2 and − 0.95 (0.062) W m− 2. All AFs of
dust become much weaker than their corresponding IRFs. The absolute
values of annual mean AF for non-spherical dust are approximately 13%
(11.2%) and 6% (6%) less than those of spherical dust for the shortwave
and longwave for all sky (clear sky), respectively. The results indicate that
the non-spherical effect of dust can reduce their AFs more obviously than
do their IRFs.

Composition and sources of organic tracers in aerosol particles of
industrial central India
Basant Giria, Khageshwar S. Patelb, Nitin K. Jaiswalb, Saroj Sharmab, Balram
Ambadeb, Wentao Wangc, Staci L. Massey Simonicha, Bernd R.T. Simoneita
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Source: Atmospheric Research Volumes 120–121, February 2013, Pages 312–324
Organic aerosols are important atmospheric components, and their formation
and sources represent important aspects of urban air quality and health
effects. Asia, including India, is the largest global source of aerosol particles
due to regional natural advection (e.g. desert and soil dust) and
anthropogenic activities (e.g. emissions from traffic, industry and burning of
coal, biomass and agricultural waste) that generate vast amounts of
particulate matter (PM) significantly contributing to climate change. This
article reports on the distributions, concentrations, and sources of organic
compounds (i.e., alkanes, carboxylic acids, carbonyl compounds, alcohols,
plasticizers, PAHs, biomarkers) of PM in the ambient atmosphere of an
extensively industrialized area of central India (Raipur, Chhattisgarh, a coal
mega-burning region). The dominant components are emissions from fossil
fuel utilization, burning of biomass and plastics, and fugitive sources.
Speciation and variations of potential new tracer compounds identified are
also described. However, non-spherical dust displays more evident influences
than above on its atmospheric- and land-temperature adjusted radiative
forcing (AF) at the TOA over the Saharan Desert, West Asia, and northern
China, with an approximate maximum increase of 3.0 and decrease of 0.5
W m− 2. The global annual means of shortwave (longwave) AFs due to
spherical and non-spherical dust aerosols are − 0.55 (0.052) W m− 2
and − 0.48 (0.049) W m− 2 at the TOA for all sky, respectively, and
the corresponding values for clear sky are − 1.07 (0.066) W m− 2 and
− 0.95 (0.062) W m− 2. All AFs of dust become much weaker than
their corresponding IRFs. The absolute values of annual mean AF for nonspherical dust are approximately 13% (11.2%) and 6% (6%) less than
those of spherical dust for the shortwave and longwave for all sky (clear
sky), respectively. The results indicate that the non-spherical effect of dust
can reduce their AFs more obviously than do their IRFs.

Particle number concentrations over Europe in 2030: the role of
emissions and new particle formation
L. Ahlm, J. Julin, C. Fountoukis, S. N. Pandis, and I. Riipinen
Source: Atmos. Chem. Phys., 13, 10271-10283, 2013 www.atmos-chemphys.net/13/10271/2013/ doi:10.5194/acp-13-10271-2013
The aerosol particle number concentration is a key parameter when
estimating impacts of aerosol particles on climate and human health. We use
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a three-dimensional chemical transport model with detailed microphysics,
PMCAMx-UF, to simulate particle number concentrations over Europe in the
year 2030, by applying emission scenarios for trace gases and primary
aerosols. The scenarios are based on expected changes in anthropogenic
emissions of sulfur dioxide, ammonia, nitrogen oxides, and primary aerosol
particles with a diameter less than 2.5 μm (PM2.5) focusing on a
photochemically active period, and the implications for other seasons are
discussed. For the baseline scenario, which represents a best estimate of
the evolution of anthropogenic emissions in Europe, PMCAMx-UF predicts
that the total particle number concentration (Ntot) will decrease by 30–70%
between 2008 and 2030. The number concentration of particles larger than
100 nm (N100), a proxy for cloud condensation nuclei (CCN)
concentration, is predicted to decrease by 40–70% during the same period.
The predicted decrease in Ntot is mainly a result of reduced new particle
formation due to the expected reduction in SO2 emissions, whereas the
predicted decrease in N100 is a result of both decreasing condensational
growth and reduced primary aerosol emissions. For larger emission
reductions, PMCAMx-UF predicts reductions of 60–80% in both Ntot and
N100 over Europe. Sensitivity tests reveal that a reduction in SO2 emissions
is far more efficient than any other emission reduction investigated, in
reducing Ntot. For N100, emission reductions of both SO2 and PM2.5
contribute significantly to the reduced concentration, even though SO2 plays
the dominant role once more. The impact of SO2 for both new particle
formation and growth over Europe may be expected to be somewhat higher
during the simulated period with high photochemical activity than during times
of the year with less incoming solar radiation. The predicted reductions in
both Ntot and N100 between 2008 and 2030 in this study will likely reduce
both the aerosol direct and indirect effects, and limit the damaging effects of
aerosol particles on human health in Europe.

Contributions of biomass/biofuel burning to organic aerosols and
particulate matter in Tanzania, East Africa, based on analyses of ionic
species, organic and elemental carbon, levoglucosan and mannosan
S. L. Mkoma, K. Kawamura, and P. Q. Fu
Source: Atmos. Chem. Phys., 13, 10325-10338, 2013 www.atmoschem-phys.net/13/10325/2013/ doi:10.5194/acp-13-10325-2013
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Atmospheric aerosol samples of PM2.5 and PM10 were collected at a rural
site in Tanzania, East Africa, in 2011 during wet and dry seasons and were
analysed for carbonaceous components, levoglucosan, mannosan and watersoluble inorganic ions. The contributions of biomass/biofuel burning to the
organic carbon (OC) and particulate matter (PM) mass were estimated to
be 46–52% and 87–13%, respectively. The mean mass concentrations of
PM2.5 and PM10 were 28 ± 6 μg m−3 and 47 ± 8 μg m−3 in wet
season, and 39 ± 10 μg m−3 and 61 ± 19 μg m−3 in dry season,
respectively. Total carbon (TC) accounted for 16–19% of the PM2.5 mass
and 13–15% of the PM10 mass. On average, 86 to 89% of TC in PM2.5
and 87 to 90% of TC in PM10 was OC, of which 67–72% and 63% was
found to be water-soluble organic carbon (WSOC) in PM2.5 and PM10,
respectively. We found that concentrations of levoglucosan and mannosan
(specific organic tracers of pyrolysis of cellulose) well correlated with nonsea-salt potassium (nss-K+) (r2 = 0.56–0.75), OC (r2 = 0.75–0.96)
and WSOC (r2 = 0.52–0.78). The K+ / OC ratios varied from 0.06 to
0.36 in PM2.5 and from 0.03 to 0.36 in PM10 with slightly higher ratios
in dry season. Mean percent ratios of levoglucosan and mannosan to OC
were found to be 3–4% for PM2.5 and PM10 in both seasons. We found
lower levoglucosan / K+ ratios and higher K+ / EC (elemental carbon)
ratios in the biomass-burning aerosols from Tanzania than those reported
from other regions. This feature is consistent with the high levels of
potassium reported in the soils of Morogoro, Tanzania, suggesting an
importance of direct emission of potassium by soil resuspension although K+
is present mostly in fine particles. It is also likely that biomass burning of
vegetation of Tanzania emits high levels of potassium that may be enriched
in plant tissues. The present study demonstrates that emissions from mixed
biomass- and biofuel-burning activities largely influence the air quality in
Tanzania.

Sulfur dioxide (SO2) as observed by MIPAS/Envisat: temporal
development and spatial distribution at 15–45 km altitude
M. Höpfner, N. Glatthor, U. Grabowski, S. Kellmann, M. Kiefer, A. Linden, J.
Orphal, G. Stiller, T. von Clarmann, B. Funke, and C. D. Boone
Source: Atmos. Chem. Phys., 13, 10405-10423, 2013 www.atmos-chemphys.net/13/10405/2013/ doi:10.5194/acp-13-10405-2013
We present a climatology of monthly and 10° zonal mean profiles of sulfur
dioxide (SO2) volume mixing ratios (vmr) derived from MIPAS/Envisat
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measurements in the altitude range 15–45 km from July 2002 until April
2012. The vertical resolution varies from 3.5–4 km in the lower stratosphere
up to 6–10 km at the upper end of the profiles, with estimated total errors
of 5–20 pptv for single profiles of SO2. Comparisons with the few available
observations of SO2 up to high altitudes from ATMOS for a volcanically
perturbed situation from ACE-FTS and, at the lowest altitudes, with
stratospheric in situ observations reveal general consistency of the datasets.
The observations are the first empirical confirmation of features of the
stratospheric SO2 distribution, which have only been shown by models up to
now: (1) the local maximum of SO2 at around 25–30 km altitude, which
is explained by the conversion of carbonyl sulfide (COS) as the precursor
of the Junge layer; and (2) the down welling of SO2-rich air to altitudes
of 25–30 km at high latitudes during winter and its subsequent depletion on
availability of sunlight. This has been proposed as the reason for the sudden
appearance of enhanced concentrations of condensation nuclei during Arctic
and Antarctic spring. Further, the strong increase of SO2 to values of 80–
100 \unit{pptv} in the upper stratosphere through photolysis of H2SO4 has
been confirmed. Lower stratospheric variability of SO2 could mainly be
explained by volcanic activity, and no hints of a strong anthropogenic
influence have been found. Regression analysis revealed a QBO (quasibiennial oscillation) signal of the SO2 time series in the tropics at about
30–35 km, an SAO (semi-annual oscillation) signal at tropical and
subtropical latitudes above 32 km and annual periodics predominantly at high
latitudes. Further, the analysis indicates a correlation with the solar cycle in
the tropics and southern subtropics above 30 km. Significant negative linear
trends are found in the tropical lower stratosphere, probably due to reduced
tropical volcanic activity and at southern mid-latitudes above 35 km. A
positive trend is visible in the lower and middle stratosphere at polar to
subtropical southern latitudes.

Assimilation of Doppler Weather Radar Radial Velocity and Reﬂectivity
Observations in WRF-3DVAR System for Short-Range Forecasting of
Convective Storms
Abhilash S., Sahai A.K., Mohankumar K., George J.P., Das S.
Indian Institute of Tropical Meteorology, Dr. Homi Bhabha Road, Pashan, Pune
411 008, India.
Pure and Applied Geophysics, online, March 2012, DOI 10.1007/s00024-0120462-z, 1-24
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In this paper the impact of Doppler weather radar (DWR) reﬂectivity and
radial velocity observations for the short range forecasting of a tropical storm
and associated rainfall event have been examined. Doppler radar observations
of a tropical storm case that occurred during 29–30 October 2006 from
SHARDWR (13.6o N, 80.2o E) are assimilated in the WRF 3DVAR
system. The observation operator for radar reﬂectivity and radial velocity is
included within latest version of WRF 3DVAR system. Keeping all model
physics the same, three experiments were conducted at a horizontal
resolution of 30 km. In the control experiment (CTRL), NCEP Final
Analysis (FNL) interpolated to the model grid was used as the initial
condition for 48-h free forecast. In the second experiment (NODWR), 6-h
assimilation cycles have been carried out using all conventional (radiosonde
and surface data) and nonconventional (satellite) observations from the
Global Telecommunication System (GTS). The third experiment (DWR) is
the same as the second, except Doppler radar radial velocity and reﬂectivity
observations are also used in the assimilation cycle. Continuous 6-h
assimilation cycle employed in the WRF-3DVAR system shows positive
impact on the rainfall forecast. Assimilation of DWR data creates several
small scale features near the storm centre. Additional sensitivity experiments
were conducted to study the individual impact of reﬂectivity and radial
velocity in the assimilation cycle. Radar data assimilation with reﬂectivity
alone produced large analysis response on both thermodynamical and
dynamical ﬁelds. However, radial velocity assimilation impacted only on
dynamical ﬁelds. Analysis increments with radar reﬂectivity and radial velocity
produce adjustments in both dynamical and thermodynamical ﬁelds.
Veriﬁcation of QPF skill shows that radar data assimilation has a
considerable impact on the short range precipitation forecast. Improvement of
the QPF skill with radar data assimilation is more clearly seen in the heavy
rainfall (for thresholds>7 mm) event than light rainfall (for thresholds of 1
and 3 mm). The spatial pattern of rainfall is well simulated by the DWR
experiment and is comparable to TRMM observations.

The effect of coal-fired power-plant SO2 and NOx control technologies
on aerosol nucleation in the source plumes
C. R. Lonsdale, R. G. Stevens, C. A. Brock, P. A. Makar, E. M. Knipping, and J.
R. Pierce
Source: Atmos. Chem. Phys., 12, 11519-11531, 2012 www.atmos-chemphys.net/12/11519/2012/ doi:10.5194/acp-12-11519-2012
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Nucleation in coal-fired power-plant plumes can greatly contribute to particle
number concentrations near source regions. The changing emissions rates of
SO2 and NOx due to pollution-control technologies over recent decades may
have had a significant effect on aerosol formation and growth in the plumes
with ultimate implications for climate and human health. We use the System
for Atmospheric Modeling (SAM) large-eddy simulation model with the
TwO-Moment Aerosol Sectional (TOMAS) microphysics algorithm to model
the nucleation in plumes of coal-fired plants. We test a range of cases with
varying emissions to simulate the implementation of emissions-control
technologies between 1997 and 2010. We start by simulating the W. A.
Parish power plant (near Houston, TX) during this time period, when NOx
emissions were reduced by ~90% and SO2 emissions decreased by ~30%.
Increases in plume OH (due to the reduced NOx) produced enhanced SO2
oxidation and an order-of-magnitude increase in particle nucleation in the
plume despite the reduction in SO2 emissions. These results suggest that
NOx emissions could strongly regulate particle nucleation and growth in
power-plant plumes. Next, we test a range of cases with varying emissions
to simulate the implementation of SO2 and NOx emissions-control
technologies. Particle formation generally increases with SO2 emission, while
NOx shows two different regimes: increasing particle formation with increasing
NOx under low-NOx emissions and decreasing particle formation with
increasing NOx under high-NOx emissions. Next, we compare model results
with airborne measurements made in the W. A. Parish power-plant plume in
2000 and 2006, confirming the importance of NOx emissions on new
particle formation and highlighting the substantial effect of background aerosol
loadings on this process (the more polluted background of the 2006 case
caused more than an order-of-magnitude reduction in particle formation in
the plume compared to the cleaner test day in 2000). Finally, we calculate
particle-formation statistics of 330 coal-fired power plants in the US in 1997
and 2010, and the model results show a median decrease of 19% in
particle formation rates from 1997 to 2010 (whereas the W. A. Parish case
study showed an increase). Thus, the US power plants, on average, show
a different result than was found for the W. A. Parish plant specifically, and
it shows that the strong NOx controls (90% reduction) implemented at the
W. A. Parish plant (with relatively weak SO2 emissions reductions, 30%)
are not representative of most power plants in the US during the past 15
yr. These results suggest that there may be important climate implications of
power-plant controls due to changes in plume chemistry and microphysics,
but the magnitude and sign of the aerosol changes depend greatly on the
relative reductions in NOx and SO2 emissions in each plant. More extensive
plume measurements for a range of emissions of SO2 and NOx and in
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varying background aerosol conditions are needed, however, to better quantify
these effects.

Vertical transport of pollutants by shallow cumuli from large eddy
simulations
G. Chen, H. Xue, G. Feingold, and X. Zhou
Source: Atmos. Chem. Phys., 12, 11319-11327, 2012 www.atmos-chemphys.net/12/11319/2012/ doi:10.5194/acp-12-11319-2012
This study investigates the vertical transport of a passive tracer in a shallow
cumulus boundary layer using large eddy simulations. The tracer source is at
the surface in one case, and in the inversion layer in the other case.
Results show that shallow cumulus clouds can significantly enhance vertical
transport of the tracer in both cases. In the case with surface-borne
pollutants, cloudy regions are responsible for the upward transport, due to
the intense updrafts in cumulus clouds. In the case where pollutants are
aloft, cloud-free regions are responsible for the downward transport, but the
downward transport mainly occurs in thin regions around cloud edges. This
is consistent with previous aircraft measurements of downdrafts around
cumulus clouds and indicates that the downward transport is also cloudinduced. Cumulus convection is therefore able to both vent pollutants upward
from the surface and fumigate pollutants in the inversion layer downward into
the lower boundary layer.

Impact of 2000–2050 climate change on fine particulate matter (PM2.5)
air quality inferred from a multi-model analysis of meteorological modes
A. P. K. Tai, L. J. Mickley, and D. J. Jacob
Source: Atmos. Chem. Phys., 12, 11329-11337, 2012 www.atmos-chemphys.net/12/11329/2012/ doi:10.5194/acp-12-11329-2012

Abstract. Studies of the effect of climate change on fine particulate matter
(PM2.5 air quality using general circulation models (GCMs) show
inconsistent results including in the sign of the effect. This reflects
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uncertainty in the GCM simulations of the regional meteorological variables
affecting PM2.5. Here we use the CMIP3 archive of data from fifteen
different IPCC AR4 GCMs to obtain improved statistics of 21st-century trends
in the meteorological modes driving PM2.5 variability over the contiguous
US. We analyze 1999–2010 observations to identify the dominant
meteorological modes driving interannual PM2.5 variability and their synoptic
periods T. We find robust correlations (r > 0.5) of annual mean PM2.5
with T, especially in the eastern US where the dominant modes represent
frontal passages. The GCMs all have significant skill in reproducing presentday statistics for T and we show that this reflects their ability to simulate
atmospheric baroclinicity. We then use the local PM2.5-to-period sensitivity
(dPM2.5/dT) from the 1999–2010 observations to project PM2.5 changes
from the 2000–2050 changes in T simulated by the 15 GCMs following the
SRES A1B greenhouse warming scenario. By weighted-average statistics of
GCM results we project a likely 2000–2050 increase of ~ 0.1 μg m−3 in
annual mean PM2.5 in the eastern US arising from less frequent frontal
ventilation, and a likely decrease albeit with greater inter-GCM variability in
the Pacific Northwest due to more frequent maritime inflows. Potentially larger
regional effects of 2000–2050 climate change on PM2.5 may arise from
changes in temperature, biogenic emissions, wildfires, and vegetation, but are
still unlikely to affect annual PM2.5 by more than 0.5 μg m−3.

Impact of mineral dust on cloud formation in a Saharan outflow region
L. Smoydzin, A. Teller, H. Tost, M. Fnais, and J. Lelieveld
Source: Atmos. Chem. Phys., 12, 11383-11393, 2012 www.atmos-chemphys.net/12/11383/2012/ doi:10.5194/acp-12-11383-2012
We present a numerical modelling study investigating the impact of mineral
dust on cloud formation over the Eastern Mediterranean for two case studies:
(i) 25 September 2008 and (ii) 28/29 January 2003. In both cases
dust plumes crossed the Mediterranean and interacted with clouds forming
along frontal systems. For our investigation we used the fully online coupled
model WRF-chem. The results show that increased aerosol concentrations
due to the presence of mineral dust can enhance the formation of ice
crystals. This leads to slight shifts of the spatial and temporal precipitation
patterns compared to scenarios where dust was not considered to act as ice
nuclei. However, the total amount of precipitation did not change significantly.
The only exception occurred when dust entered into an area of orographic
ascent, causing glaciation of the clouds, leading to a local enhancement of
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rainfall. The impact of dust particles acting as giant cloud condensation
nuclei on precipitation formation was found to be small. Based on our
simulations the contribution of dust to the CCN population is potentially
significant only for warm phase clouds. Nevertheless, the dust-induced
differences in the microphysical structure of the clouds can contribute to a
significant radiative forcing, which is important from a climate perspective.

Airborne observations of aerosol microphysical properties and particle
ageing processes in the troposphere above Europe
T. Hamburger, G. McMeeking, A. Minikin, A. Petzold, H. Coe, and R. Krejci
Source: Atmos. Chem. Phys., 12, 11533-11554, 2012 www.atmos-chemphys.net/12/11533/2012/ doi:10.5194/acp-12-11533-2012
In-situ measurements of aerosol microphysical properties were performed in
May 2008 during the EUCAARI-LONGREX campaign. Two aircraft, the
FAAM BAe-146 and DLR Falcon 20, operated from Oberpfaffenhofen,
Germany. A comprehensive data set was obtained comprising the wider
region of Europe north of the Alps throughout the whole tropospheric column.
Prevailing stable synoptic conditions enabled measurements of accumulating
emissions inside the continental boundary layer reaching a maximum total
number concentration of 19 000 particles cm−3 stp. Ultra-fine particles as
indicators for nucleation events were observed within the boundary layer
during high pressure conditions and after updraft of emissions induced by
frontal passages above 8 km altitude in the upper free troposphere. Aerosol
ageing processes during air mass transport are analysed using trajectory
analysis. The ratio of particles containing a non-volatile core (250 °C) to
the total aerosol number concentration was observed to increase within the
first 12 to 48 h from the particle source from 50 to 85% due to
coagulation. Aged aerosol also features an increased fraction of accumulation
mode particles of approximately 40% of the total number concentration. The
presented analysis provides an extensive data set of tropospheric aerosol
microphysical properties on a continental scale which can be used for
atmospheric aerosol models and comparisons of satellite retrievals.

Distributions and climate effects of atmospheric aerosols from the
preindustrial era to 2100 along Representative Concentration Pathways
(RCPs) simulated using the global aerosol model SPRINTARS
T. Takemura
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Source: Atmos. Chem. Phys., 12, 11555-11572, 2012 www.atmos-chemphys.net/12/11555/2012/ doi:10.5194/acp-12-11555-2012
Global distributions and associated climate effects of atmospheric aerosols
were simulated using a global aerosol climate model, SPRINTARS, from
1850 to the present day and projected forward to 2100. Aerosol emission
inventories used by the Coupled Model Intercomparison Project Phase 5
(CMIP5) were applied to this study. Scenarios based on the Representative
Concentration Pathways (RCPs) were used for the future projection. Aerosol
loading in the atmosphere has already peaked and is now reducing in
Europe and North America. However, in Asia where rapid economic growth
is ongoing, aerosol loading is estimated to reach a maximum in the first
half of this century. Atmospheric aerosols originating from the burning of
biomass have maintained high loadings throughout the 21st century in Africa,
according to the RCPs. Evolution of the adjusted forcing by direct and
indirect aerosol effects over time generally correspond to the aerosol loading.
The probable future pathways of global mean forcing differ based on the
aerosol direct effect for different RCPs. Because aerosol forcing will be close
to the preindustrial level by the end of the 21st century for all RCPs
despite the continuous increases in greenhouse gases, global warming will be
accelerated with reduced aerosol negative forcing.

Impact of anthropogenic emission on air quality over a megacity –
revealed from an intensive atmospheric campaign during the Chinese
Spring Festival
K. Huang, G. Zhuang, Y. Lin, Q. Wang, J. S. Fu, R. Zhang, J. Li.C. Deng, and Q.
Fu
Source: Atmos. Chem. Phys., 12, 11631-11645, 2012 www.atmos-chemphys.net/12/11631/2012/ doi:10.5194/acp-12-11631-2012
The Chinese Spring Festival is one of the most important traditional festivals
in China. The peak transport in the Spring Festival season (spring travel
rush) provides a unique opportunity for investigating the impact of human
activity on air quality in the Chinese megacities. Emission sources are varied
and fluctuate greatly before, during and after the Festival. Increased vehicular
emissions during the "spring travel rush" before the 2009 Festival resulted
in high level pollutants of NOx (270 μg m−3), CO (2572 μg m−3),
black carbon (BC) (8.5 μg m−3) and extremely low single scattering
albedo of 0.76 in Shanghai, indicating strong, fresh combustion. Organics
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contributed most to PM2.5, followed by NO3−, NH4+, and SO42−. During
the Chinese Lunar New Year's Eve and Day, widespread usage of fireworks
caused heavy pollution of extremely high aerosol concentration, scattering
coefficient, SO2, and NOx. Due to the "spring travel rush" after the festival,
anthropogenic emissions gradually climbed and mirrored corresponding
increases in the aerosol components and gaseous pollutants. Secondary
inorganic aerosol (SO42−, NO3−, and NH4+) accounted for a dominant
fraction of 74% in PM2.5 due to an increase in human activity. There was
a greater demand for energy as vast numbers of people using public
transportation or driving their own vehicles returned home after the Festival.
Factories and constructions sites were operating again. The potential source
contribution function (PSCF) analysis illustrated the possible source areas for
air pollutants of Shanghai. The effects of regional and long-range transport
were both revealed. Five major sources, i.e. natural sources, vehicular
emissions, burning of fireworks, industrial and metallurgical emissions, and
coal burning were identified using the principle component analysis. The
average visibility during the whole study period was less than 6 km. It had
been estimated that 50% of the total light extinction was due to the high
water vapor in the atmosphere. This study demonstrates that organic aerosol
was the largest contributor to aerosol extinction at 47%, followed by sulfate
ammonium, nitrate ammonium, and EC at 22%, 14%, and 12%, respectively.
Our results indicated the dominant role of traffic-related aerosol species (i.e.
organic aerosol, nitrate and EC) on the formation of air pollution, and
suggested the importance of controlling vehicle numbers and emissions in
mega-cities of China as its population and economy continue to grow.

Impact of anthropogenic emission on air quality over a megacity –
revealed from an intensive atmospheric campaign during the Chinese
Spring Festival
H. Hakola, H. Hellén, M. Hemmilä, J. Rinne, and M. Kulmala
Source: Atmos. Chem. Phys., 12, 11665-11678, 2012 www.atmos-chemphys.net/12/11665/2012/ doi:10.5194/acp-12-11665-2012
We present biogenic VOC, including sesquiterpenes, measurements at the
SMEAR II station (Station For Measuring Forest Ecosystem-Atmosphere
Relations) in Finland using an in situ gas chromatograph mass-spectrometer
with 2 h time resolution. The measurements were conducted over the period
October 2010–October 2011, at least one week every month. To our
knowledge there are no earlier species-speciated semi-continuous BVOC data
134

also covering dormant periods. This was also the first time sesquiterpene
mixing ratios were measured in a boreal forest. During the winter months,
and still in March, the mixing ratios of all biogenic compounds were very
low, most of the time below detection limits. The monoterpene mixing ratios
increased in April and started to show diurnal variability, with maximum
mixing ratio at night and minima during the day. The diurnal variability
continued until October, after which the mixing ratios decreased and then
only occasional episodes took place. The diurnal variation was affected by
boundary layer height. Sesquiterpene mixing ratios were very low, only a few
ppt. The main sesquiterpenes were longifolene and isolongifolene. The diurnal
variation of isoprene was opposite to the mono- and sesquiterpene diurnal
curve due to isoprene's light dependent emissions. Due to its daytime
maximum mixing ratios, isoprene also dominated hydroxyl radical reactivity in
summer even though our isoprene measurements are underestimates due to
a breakthrough in a cold trap.

On the diurnal cycle of urban aerosols, black carbon and the occurrence
of new particle formation events in springtime São Paulo, Brazil
J. Backman, L. V. Rizzo, J. Hakala, T. Nieminen, H. E. Manninen, F. Morais, P.
P. Aalto1, E. Siivola, S. Carbone4, R. Hillamo, P. Artaxo, A. Virkkula, T. Petäjä,
and M. Kulmala
Source: Atmos. Chem. Phys., 12, 11733-11751, 2012 www.atmos-chemphys.net/12/11733/2012/ doi:10.5194/acp-12-11733-2012
Large conurbations are a significant source of the anthropogenic pollution and
demographic differences between cities that result in a different pollution
burden. The metropolitan area of São Paulo (MASP, population 20 million)
accounts for one fifth of the Brazilian vehicular fleet. A feature of MASP is
the amount of ethanol used by the vehicular fleet, known to exacerbate air
quality. The study describes the diurnal behaviour of the submicron aerosol
and relies on total particle number concentration, particle number size
distribution, light scattering and light absorption measurements. Modelled
planetary boundary layer (PBL) depth and air mass movement data were
used to aid the interpretation. During morning rush-hour, stagnant air and a
shallow PBL height favour the accumulation of aerosol pollution. During
clear-sky conditions, there was a wind shift towards the edge of the city
indicating a heat island effect with implications on particulate pollution levels
at the site. The median total particle number concentration for the submicron
aerosol typically varied in the range 1.6 × 104–3.2 × 104 cm−3 frequently
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exceeding 4 × 104 cm−3 during the day. During weekdays, nucleation-mode
particles are responsible for most of the particles by numbers. The highest
concentrations of total particle number concentrations and black carbon (BC)
were observed on Fridays. Median diurnal values for light absorption and
light scattering (at 637 nm wavelength) varied in the range 12–33 Mm−1
and 21–64 Mm−1, respectively. The former one is equal to 1.8–5.0 μg
m−3 of BC. The growth of the PBL, from the morning rush-hour until
noon, is consistent with the diurnal cycle of BC mass concentrations.
Weekday hourly median single-scattering albedo (ω0) varied in the range
0.59–0.76. Overall, this suggests a top of atmosphere (TOA) warming
effect. However, considering the low surface reflectance of urban areas, for
the given range of ω0, the TOA radiative forcing can be either positive or
negative for the sources within the MASP. On the average, weekend ω0
values were 0.074 higher than during weekdays. During 11% of the days,
new particle formation (NPF) events occurred. The analysed events growth
rates ranged between 9 and 25 nm h−1. Sulphuric acid proxy concentrations
calculated for the site were less than 5% of the concentration needed to
explain the observed growth. Thus, other vapours are likely contributors to
the observed growth.

Satellite contributions to the quantitative characterization of biomass
burning for climate modeling
Charles Ichokua, Ralph Kahna, Mian Chinb
Source: Atmospheric Research Volume 111, July 2012, Pages 1–28
Characterization of biomass burning from space has been the subject of an
extensive body of literature published over the last few decades. Given the
importance of this topic, we review how satellite observations contribute
toward improving the representation of biomass burning quantitatively in
climate and air-quality modeling and assessment. Satellite observations
related to biomass burning may be classified into five broad categories: (i)
active fire location and energy release, (ii) burned areas and burn severity,
(iii) smoke plume physical disposition, (iv) aerosol distribution and particle
properties, and (v) trace gas concentrations. Each of these categories
involves multiple parameters used in characterizing specific aspects of the
biomass-burning phenomenon. Some of the parameters are merely qualitative,
whereas others are quantitative, although all are essential for improving the
scientific understanding of the overall distribution (both spatial and temporal)
and impacts of biomass burning. Some of the qualitative satellite datasets,
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such as fire locations, aerosol index, and gas estimates have fairly longterm records. They date back as far as the 1970s, following the launches
of the DMSP, Landsat, NOAA, and Nimbus series of earth observation
satellites. Although there were additional satellite launches in the 1980s and
1990s, space-based retrieval of quantitative biomass burning data products
began in earnest following the launch of Terra in December 1999. Starting
in 2000, fire radiative power, aerosol optical thickness and particle properties
over land, smoke plume injection height and profile, and essential trace gas
concentrations at improved resolutions became available. The 2000s also
saw a large list of other new satellite launches, including Aqua, Aura,
Envisat, Parasol, and CALIPSO, carrying a host of sophisticated instruments
providing high quality measurements of parameters related to biomass burning
and other phenomena. These improved data products have enabled significant
progress in the study of biomass burning from space. However, appreciable
uncertainty remains in many of the measurements that still need to be
addressed. Nevertheless, climate and other atmospheric models are making
significant
adjustments
to
take
advantage
of
quantitative
satellite
measurements in studying biomass burning activity, emissions, and impacts.
New research directions should include not only improvements in satellite
retrievals and modeling accuracies, but also increased synergy between them,
such that satellite measurements can be directly input into models without
requiring elaborate interpretation.

Automated ground-based remote sensing measurements of greenhouse
gases at the Białystok site in comparison with collocated in situ
measurements and model data
J. Messerschmidt, H. Chen, N. M. Deutscher, C. Gerbig, P. Grupe, K. Katrynski,
F.-T. Koch, J. V. Lavrič, J. Notholt, C. Rödenbeck, W. Ruhe, T. Warneke, and
C. Weinzierl
Source: Atmos. Chem. Phys., 12, 6741-6755, 2012 www.atmos-chemphys.net/12/6741/2012/ doi:10.5194/acp-12-6741-2012
The in situ boundary layer measurement site in Białystok (Poland) has
been upgraded with a fully automated observatory for total greenhouse gas
column measurements. The automated Fourier Transform Spectrometer (FTS)
complements the on-site in situ facilities and FTS solar absorption
measurements have been recorded nearly continuously in clear and partially
cloudy conditions since March 2009. Here, the FTS measurements are
compared with the collocated tall tower data. Additionally, simulations of the
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Jena CO2 inversion model are evaluated with the Białystok measurement
facilities. The simulated seasonal CO2 cycle is slightly overestimated by a
mean difference of 1.2 ppm ± 0.9 ppm (1σ) in comparison with the FTS
measurements. CO2 concentrations at the surface, measured at the tall
tower (5 m, 90 m, 300 m), are slightly underestimated by −1.5 ppm,
−1.6 ppm, and −0.7 ppm respectively during the day and by −9.1 ppm,
−5.9 ppm, and −1.3 ppm during the night. The comparison of the simulated
CO2 profiles with low aircraft profiles shows a slight overestimation of the
lower troposphere (by up to 1 ppm) and an underestimation in nearsurface heights until 800 m (by up to 2.5 ppm). In an appendix the
automated FTS observatory, including the hardware components and the
automation software, is described in its basics.

Determinants and predictability of global wildfire emissions
W. Knorr, V. Lehsten, and A. Arneth
Source: Atmos. Chem. Phys., 12, 6845-6861, 2012 www.atmos-chemphys.net/12/6845/2012/ doi:10.5194/acp-12-6845-2012
Biomass burning is one of the largest sources of atmospheric trace gases
and aerosols globally. These emissions have a major impact on the radiative
balance of the atmosphere and on air quality, and are thus of significant
scientific and societal interest. Several datasets have been developed that
quantify those emissions on a global grid and offered to the atmospheric
modelling community. However, no study has yet attempted to systematically
quantify the dependence of the inferred pyrogenic emissions on underlying
assumptions and input data. Such a sensitivity study is needed for
understanding how well we can currently model those emissions and what
the factors are that contribute to uncertainties in those emission estimates.
Here, we combine various satellite-derived burned area products, a terrestrial
ecosystem model to simulate fuel loads and the effect of fire on ecosystem
dynamics, a model of fuel combustion, and various emission models that
relate combusted biomass to the emission of various trace gases and
aerosols. We carry out simulations with varying parameters for combustion
completeness and fuel decomposition rates within published estimates, four
different emissions models and three different global burned-area products.
We find that variations in combustion completeness and simulated fuel loads
have the largest impact on simulated global emissions for most species,
except for some with highly uncertain emission factors. Variation in burnedarea estimates also contribute considerably to emission uncertainties. We
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conclude that global models urgently need more field-based data for better
parameterisation of combustion completeness and validation of simulated fuel
loads, and that further validation and improvement of burned area information
is necessary for accurately modelling global wildfire emissions. The results
are important for chemical transport modelling studies, and for simulations of
biomass burning impacts on the atmosphere under future climate change
scenarios.

Recent climate change in the Arabian Peninsula: Seasonal rainfall and
temperature climatology of Saudi Arabia for 1979–2009
Mansour Almazrouia, , , M. Nazrul Islama, P.D. Jonesa, b, H. Athara, M.
Ashfaqur Rahmana
Source: Atmospheric Research Volume 111, July 2012, Pages 29–45
Attempts are made to study the seasonal climatology of the Arabian
Peninsula, including the regional to station level information for Saudi Arabia
for the period 1979–2009. The wet (November to April) and dry (June to
September) season rainfall and temperature climatology are obtained from
various data sources, namely, surface observations, CPC Merged Analysis of
Precipitation (CMAP), Climatic Research Unit (CRU) and Tropical Rainfall
Measuring Mission (TRMM). These gridded datasets detect the dry zone
over the Rub Al-Khali, the world's largest sand desert, during the wet
season. In this season, large rain belts exist north of 30°N and south of
15°N. During the dry season, the Arabian Peninsula is almost entirely dry
north of 15°N but rain belts exist below this latitudinal boundary. Irrespective
of the season or dataset used, a relatively heavy-rain area is obtained for
the southwest of the Peninsula. The wet (dry) season temperature is
highest over the western (middle to the northern) parts of the Peninsula.
Surface observations indicate that, irrespective of season, rainfall insignificantly
increased in the first period (1979–1993), and then significantly decreased
in the second period (1994–2009). The decrease rate is 35.1 mm (5.5
mm) per decade during the wet (dry) season. The temperature over Saudi
Arabia has increased significantly, and the increase rate is faster (0.72 °C
per decade) in the dry season compared to the wet season (0.51 °C per
decade).

Comparative assessment of ecotoxicity of urban aerosol
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B. Turóczi, A. Hoffer, Á. Tóth1, N. Kováts, A. Ács, Á. Ferincz, A. Kovács, and A.
Gelencsér
Source: Atmos. Chem. Phys., 12, 7365-7370, 2012 www.atmos-chemphys.net/12/7365/2012/ doi:10.5194/acp-12-7365-2012
In addition to its mass concentration, the health effects of urban particulate
matter may depend on its particle size distribution and chemical composition.
Yet air pollution regulations rely on exclusively bulk PM10 concentration
measurements, without regard to their potentially different health effects under
different conditions. Aerosols from various sources are well known to contain
a plethora of toxic, carcinogenic, mutagenic or teratogenic constituents such
as heavy metals and polycyclic aromatic hydrocarbons. Extensive public
health studies established the link between mass concentrations of PM2.5 /
PM10 and health problems within the population. However, little is known
about the relative importance of PM from different sources and the effect of
seasonality on the toxicity. Here we present the application of a simple and
sensitive method for the direct assessment of the overall ecotoxicity of
various PM2.5 / PM10 samples collected on filters. The method is based
on the Vibrio fischeri bioluminescence inhibition bioassay that has been
standardized for solid samples, representing a relevant biological exposure
route. Direct emission samples proved to be significantly more ecotoxic than
photochemically processed aerosol, thus marked differences were observed
between the ecotoxicities of urban PM10 in summer and winter. These
effects of urban PM10 may be useful supplementary indicators besides the
mass concentrations of PM2.5 / PM10 in cities.

Chemical composition of rainwater in a karstic agricultural area,
Southwest China: The impact of urbanization
Qixin Wua, b, Guilin Hana, Faxiang Taoa, Yang Tanga
Source: Atmospheric Research Volume 111, July 2012, Pages 71–78
The chemical composition of rainwater has been studied in a karstic
agricultural area, Southwest China. Rainwater pH and major ions were
measured in samples collected from the town of Puding, Guizhou province,
during the rainy season, between March and October 2008. The pH of
samples varied between 4.6 and 7.1, with a volume-weighted mean
(VWM) of 5.4. These relatively high-pH values do not signify a lack of
acid components in the precipitation; instead, they demonstrate neutralization
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of acidity. Ca2+ and NH4+ were the dominant cations in the rainwater, with
VWM concentrations of 156 and 33 μeq/L, respectively. SO42− was the
predominant anion, with a VWM concentration of 152 μeq/L, followed by
NO3− (17 μeq/L). Our results show that most of the acidity in the
collected samples was neutralized by Ca2+-rich alkaline soil dusts. We
compared our findings with other areas of China that experience acid rain.
The concentration of ions in Puding rainwater generally exceeded that
reported in southern China but was lower than in northern China. This is
probably due to karst rock desertification, which could provide the atmosphere
with a source of alkaline dust. From back-trajectory analysis, correlation
studies, and a comparison of major ion composition with other selected sites
worldwide, we conclude that the rainwater ion composition of Puding is more
significantly influenced by terrestrial and anthropogenic sources (mainly due
to industrial and traffic emissions in surrounding large cities), rather than by
marine sources.

Evaluation of two isoprene emission models for use in a long-range air
pollution model
A. Zare, J. H. Christensen, P. Irannejad, and J. Brandt
Source: Atmos. Chem. Phys., 12, 7399-7412, 2012 www.atmos-chemphys.net/12/7399/2012/ doi:10.5194/acp-12-7399-2012
Knowledge about isoprene emissions and concentration distribution is important
for chemistry transport models (CTMs), because isoprene acts as a
precursor for tropospheric ozone and subsequently affects the atmospheric
concentrations of many other atmospheric compounds. Isoprene has a short
lifetime, and hence it is very difficult to evaluate its emission estimates
against measurements. For this reason, we coupled two isoprene emission
models with the Danish Eulerian Hemispheric Model (DEHM), and evaluated
the simulated background ozone concentrations based on different models for
isoprene emissions. In this research, results of using the two global biogenic
emission models; GEIA (Global Emissions Inventory Activity) and MEGAN
(the global Model of Emissions of Gases and Aerosols from Nature) are
compared and evaluated. The total annual emissions of isoprene for the year
2006 estimated by using MEGAN is 592 Tg yr−1 for an extended area of
the Northern Hemisphere, which is 21% higher than that estimated by using
GEIA. The overall feature of the emissions from the two models is quite
similar, but differences are found mainly in Africa's savannah and in the
southern part of North America. Differences in spatial distribution of emission
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factors are found to be a key source of these discrepancies. In spite of the
short life-time of isoprene, a direct evaluation of isoprene concentrations
using the two biogenic emission models in DEHM has been made against
available measurements in Europe. Results show an agreement between two
models simulations and the measurements in general and that the CTM is
able to simulate isoprene concentrations. Additionally, investigation of ozone
concentrations resulting from the two biogenic emission models show that
isoprene simulated by MEGAN strongly affects the ozone production in the
African savannah; the effect is up to 10% more than that obtained using
GEIA. In contrast, the impact of using GEIA is higher in the Amazon region
with more than 8% higher ozone concentrations compared to that of using
MEGAN. Comparing the ozone concentrations obtained by DEHM using the
two different isoprene models with measurements from Europe and North
America, show an agreement on the hourly, mean daily and daily maximum
values. However, the average of ozone daily maximum value simulated by
using MEGAN is slightly closer to the measured value for the average of all
measuring sites in Europe.

Peroxy radical chemistry and OH radical production during the NO3initiated oxidation of isoprene
A. J. Kwan, A. W. H. Chan, N. L. Ng, H. G. Kjaergaard, J. H. Seinfeld, and P. O.
Wennberg
Source: Atmos. Chem. Phys., 12, 7499-7515, 2012 www.atmos-chemphys.net/12/7499/2012/ doi: 10.5194/acp-12-7499-2012
Peroxy radical reactions (RO2 + RO2) from the NO3-initiated oxidation of
isoprene are studied with both gas chromatography and a chemical ionization
mass spectrometry technique that allows for more specific speciation of
products than in previous studies of this system. We find high nitrate yields
(~ 80%), consistent with other studies. We further see evidence of
significant hydroxyl radical (OH) formation in this system, which we propose
comes from RO2 + HO2 reactions with a yield of ~38–58%. An additional
OH source is the second generation oxidation of the nitrooxyhydroperoxide,
which produces OH and a dinitrooxyepoxide with a yield of ~35%. The
branching ratio of the radical propagating, carbonyl- and alcohol-forming,
and organic peroxide-forming channels of the RO2 + RO2 reaction are
found to be ~18–38%, ~59–77%, and ~3–4%, respectively. HO2 formation
in this system is lower than has been previously assumed. Addition of RO2
to isoprene is suggested as a possible route to the formation of several
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isoprene C10-organic peroxide compounds (ROOR). The nitrooxy, allylic,
and C5 peroxy radicals present in this system exhibit different behavior than
the limited suite of peroxy radicals that have been studied to date.

Trends and variations in CO, C2H6, and HCN in the Southern
Hemisphere point to the declining anthropogenic emissions of CO and
C2H6
G. Zeng, S. W. Wood, O. Morgenstern, N. B. Jones, J. Robinson, and D. Smale
Source: Atmos. Chem. Phys., 12, 7543-7555, 2012 www.atmos-chemphys.net/12/7543/2012/ doi:10.5194/acp-12-7543-2012
We analyse the carbon monoxide (CO), ethane (C2H6) and hydrogen
cyanide (HCN) partial columns (from the ground to 12 km) derived from
measurements by ground-based solar Fourier Transform Spectroscopy at
Lauder, New Zealand (45° S, 170° E), and at Arrival Heights, Antarctica
(78° S, 167° E), from 1997 to 2009. Significant negative trends are
calculated for all species at both locations, based on the daily-mean
observed time series, namely CO (−0.94 ± 0.47% yr−1), C2H6 (−2.37 ±
1.18% yr−1) and HCN (−0.93 ± 0.47% yr−1) at Lauder and CO (−0.92
± 0.46% yr−1), C2H6 (−2.82 ± 1.37% yr−1) and HCN (−1.41 ± 0.71%
yr−1) at Arrival Heights. The uncertainties reflect the 95% confidence limits.
However, the magnitudes of the trends are influenced by the anomaly
associated with the 1997–1998 El Niño Southern Oscillation event at the
beginning of the time series reported. We calculate trends for each month
from 1997 to 2009 and find negative trends for all months. The largest
monthly trends of CO and C2H6 at Lauder, and to a lesser degree at
Arrival Heights, occur during austral spring during the Southern Hemisphere
tropical and subtropical biomass burning period. For HCN, the largest
monthly trends occur in July and August at Lauder and around November at
Arrival Heights. The correlations between CO and C2H6 and between CO
and HCN at Lauder in September to November, when the biomass burning
maximizes, are significantly larger that those in other seasons. A tropospheric
chemistry-climate model is used to simulate CO, C2H6, and HCN partial
columns for the period of 1997–2009, using interannually varying biomass
burning emissions from GFED3 and annually periodic but seasonally varying
emissions from both biogenic and anthropogenic sources. The modelsimulated partial columns of these species compare well with the measured
partial columns and the model accurately reproduces seasonal cycles of all
three species at both locations. However, while the model satisfactorily
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captures both the seasonality and trends in HCN, it is not able to reproduce
the negative trends in either C2H6 or CO. A further simulation assuming a
35% decline of C2H6 and a 26% decline of CO emissions from the
industrial sources from 1997 to 2009 largely captures the observed trends of
C2H6 and CO partial columns at both locations. Here we attribute trends in
HCN exclusively to changes in biomass burning and thereby isolate the
influence of anthropogenic emissions as responsible for the long-term decline
in CO and C2H6. This analysis shows that biomass burning emissions are
the main factors in controlling the interannual and seasonal variations of
these species. We also demonstrate contributions of biomass burning
emission from different southern tropical and sub-tropical regions to seasonal
and interannual variations of CO at Lauder; it shows that long-range
transport of biomass burning emissions from southern Africa and South
America have consistently larger year-to-year contributions to the background
seasonality of CO at Lauder than those from other regions (e.g. Australia
and South-East Asia). However, large interannual anomalies are triggered
by variations in biomass burning emissions associated with large-scale El
Niño Southern Oscillation and prolonged biomass burning events, e.g. the
Australian bush fires.

Global emission estimates and radiative impact of C4F10, C5F12,
C6F14, C7F16 and C8F18
D. J. Ivy, M. Rigby, M. Baasandorj, J. B. Burkholder, and R. G. Prinn
Source: Atmos. Chem. Phys., 12, 7635-7645, 2012 www.atmos-chemphys.net/12/7635/2012/ doi:10.5194/acp-12-7635-2012

Global emission estimates based on new atmospheric observations are
presented for the acylic high molecular weight perfluorocarbons (PFCs):
decafluorobutane(C4F10),dodecafluoropentane (C5F12), tetradecafluorohexane
(C6F14),hexadecafluoroheptane(C7F16) and octadecafluorooctane(C8F18).
Emissions are estimated using a 3-dimensional chemical transport model and
an inverse method that includes a growth constraint on emissions. The
observations used in the inversion are based on newly measured archived
air samples that cover a 39-yr period, from 1973 to 2011, and include 36
Northern Hemispheric and 46 Southern Hemispheric samples. The derived
emission estimates show that global emission rates were largest in the
1980s and 1990s for C4F10 and C5F12, and in the 1990s for C6F14,
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C7F16 and C8F18. After a subsequent decline, emissions have remained
relatively stable, within 20%, for the last 5 yr. Bottom-up emission estimates
are available from the Emission Database for Global Atmospheric Research
version 4.2 (EDGARv4.2) for C4F10, C5F12, C6F14 and C7F16, and
inventories of C4F10, C5F12 and C6F14 are reported to the United Nations'
Framework Convention on Climate Change (UNFCCC) by Annex 1 countries
that have ratified the Kyoto Protocol. The atmospheric measurement-based
emission estimates are 20 times larger than EDGARv4.2 for C4F10 and
over three orders of magnitude larger for C5F12 (with 2008 EDGARv4.2
estimates for C5F12 at 9.6 kg yr−1, as compared to 67±53 t yr−1 as
derived in this study). The derived emission estimates for C6F14 largely
agree with the bottom-up estimates from EDGARv4.2. Moreover, the C7F16
emission estimates are comparable to those of EDGARv4.2 at their peak in
the 1990s, albeit significant underestimation for the other time periods. There
are no bottom-up emission estimates for C8F18, thus the emission rates
reported here are the first for C8F18. The reported inventories for C4F10,
C5F12 and C6F14 to UNFCCC are five to ten times lower than those
estimated in this study. In addition, we present measured infrared absorption
spectra for C7F16 and C8F18, and estimate their radiative efficiencies and
global warming potentials (GWPs). We find that C8F18's radiative efficiency
is similar to trifluoromethyl sulfur pentafluoride's (SF5F3) at 0.57 W m−2
ppb−1, which is the highest radiative efficiency of any measured atmospheric
species. Using the 100-yr time horizon GWPs, the total radiative impact of
the high molecular weight perfluorocarbons emissions are also estimated; we
find the high molecular weight PFCs peak contribution was in 1997 at 24
000 Gg of carbon dioxide (CO2) equivalents and has decreased by a
factor of three to 7300 Gg of CO2 equivalents in 2010. This 2010
cumulative emission rate for the high molecular weight PFCs is comparable
to: 0.02% of the total CO2 emissions, 0.81% of the total hydrofluorocarbon
emissions, or 1.07% of the total chlorofluorocarbon emissions projected for
2010 (Velders et al., 2009). In terms of the total PFC emission budget,
including the lower molecular weight PFCs, the high molecular weight PFCs
peak contribution was also in 1997 at 15.4% and was 6% of the total PFC
emissions in CO2 equivalents in 2009.

Effects of business-as-usual anthropogenic emissions on air quality
A. Pozzer1, P. Zimmermann, U.M. Doering, J. van Aardenne, H. Tost, F.
Dentener, G. Janssens-Maenhout, and J. Lelieveld
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Source: Atmos. Chem. Phys., 12, 6915-6937, 2012 www.atmos-chemphys.net/12/6915/2012/ doi:10.5194/acp-12-6915-2012
The atmospheric chemistry general circulation model EMAC has been used to
estimate the impact of anthropogenic emission changes on global and
regional air quality in recent and future years (2005, 2010, 2025 and
2050). The emission scenario assumes that population and economic growth
largely determine energy and food consumption and consequent pollution
sources with the current technologies ("business as usual"). This scenario
is chosen to show the effects of not implementing legislation to prevent
additional climate change and growing air pollution, other than what is in
place for the base year 2005, representing a pessimistic (but plausible)
future. By comparing with recent observations, it is shown that the model
reproduces the main features of regional air pollution distributions though with
some imprecisions inherent to the coarse horizontal resolution (~100 km)
and simplified bottom-up emission input. To identify possible future hot spots
of poor air quality, a multi pollutant index (MPI), suited for global model
output, has been applied. It appears that East and South Asia and the
Middle East represent such hotspots due to very high pollutant
concentrations, while a general increase of MPIs is observed in all populated
regions in the Northern Hemisphere. In East Asia a range of pollutant gases
and fine particulate matter (PM2.5) is projected to reach very high levels
from 2005 onward, while in South Asia air pollution, including ozone, will
grow rapidly towards the middle of the century. Around the Persian Gulf,
where natural PM2.5 concentrations are already high (desert dust), ozone
levels are expected to increase strongly. The population weighted MPI (PWMPI), which combines demographic and pollutant concentration projections,
shows that a rapidly increasing number of people worldwide will experience
reduced air quality during the first half of the 21st century. Following this
business as usual scenario, it is projected that air quality for the global
average citizen in 2050 would be almost comparable to that for the average
citizen in East Asia in the year 2005, which underscores the need to
pursue emission reductions.

Organic and elemental carbon aerosols at a suburban site
Aparna Satsangi, Tripti Pachauri, Vyoma Singla, Anita Lakhani, K. Maharaj
Kumari
Source: Atmospheric Research Volume 113, September 2012, Pages 13–21
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The present study reports one year data of organic carbon (OC) and
elemental carbon (EC) concentrations in total suspended particulates (TSP)
at a suburban site. TSP concentrations varied from 80.0 to 396.2 μg m−
3 with an annual average of 216.3 ± 80.7 μg m− 3. OC ranged from 2.5
to 91.0 μg m− 3 with an annual average of 25.4 ± 19.8 μg m− 3 while
EC ranged from 0.3 to 15.2 μg m− 3 with an annual average concentration
of 3.3 ± 3.0 μg m− 3. OC and EC contributed about 11.8% and 1.5% of
TSP. Annual average of the OC/EC ratio was 8.7 ± 6.5. Seasonally, OC
and EC follow the trend: winter > post monsoon > summer > monsoon.
High correlations were observed between OC and EC with correlation
coefficient (r) ranging from 0.92 to 0.97 in the four seasons. OC
concentrations in summer, winter and post monsoon were approximately three
times higher than in monsoon. Total carbonaceous aerosols (TCA)
accounted for 20.8 ± 17.2% of TSP. In winter, percent contribution of TCA
to TSP was high (33.2 ± 24.4) as compared to other seasons. K+/EC
and K+/OC ratios indicate biomass burning to be a source of carbonaceous
aerosol at this site. Secondary organic carbon (SOC) fraction, estimated
using the EC tracer method, was calculated to be 49.0 to 55.0% of OC at
Dayalbagh. In winter, primary organic carbon (POC) concentration was
almost twice the SOC concentration.

Record-breaking ozone loss in the Arctic winter 2010/2011: comparison
with 1996/1997
J. Kuttippurath, S. Godin-Beekmann, F. Lefèvre, G. Nikulin, M. L. Santee, and
L. Froidevaux
Source: Atmos. Chem. Phys., 12, 7073-7085, 2012 www.atmos-chemphys.net/12/7073/2012/ doi:10.5194/acp-12-7073-2012
We present a detailed discussion of the chemical and dynamical processes
in the Arctic winters 1996/1997 and 2010/2011 with high resolution
chemical transport model (CTM) simulations and space-based observations.
In the Arctic winter 2010/2011, the lower stratospheric minimum temperatures
were below 195 K for a record period of time, from December to mid-April,
and a strong and stable vortex was present during that period. Simulations
with the Mimosa-Chim CTM show that the chemical ozone loss started in
early January and progressed slowly to 1 ppmv (parts per million by
volume) by late February. The loss intensified by early March and reached
a record maximum of ~2.4 ppmv in the late March–early April period over
a broad altitude range of 450–550 K. This coincides with elevated ozone
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loss rates of 2–4 ppbv sh−1 (parts per billion by volume/sunlit hour) and
a contribution of about 30–55% and 30–35% from the ClO-ClO and ClOBrO cycles, respectively, in late February and March. In addition, a
contribution of 30–50% from the HOx cycle is also estimated in April. We
also estimate a loss of about 0.7–1.2 ppmv contributed (75%) by the NOx
cycle at 550–700 K. The ozone loss estimated in the partial column range
of 350–550 K exhibits a record value of ~148 DU (Dobson Unit). This is
the largest ozone loss ever estimated in the Arctic and is consistent with
the remarkable chlorine activation and strong denitrification (40–50%) during
the winter, as the modeled ClO shows ~1.8 ppbv in early January and ~1
ppbv in March at 450–550 K. These model results are in excellent
agreement with those found from the Aura Microwave Limb Sounder
observations. Our analyses also show that the ozone loss in 2010/2011 is
close to that found in some Antarctic winters, for the first time in the
observed history. Though the winter 1996/1997 was also very cold in
March–April, the temperatures were higher in December–February, and,
therefore, chlorine activation was moderate and ozone loss was average with
about 1.2 ppmv at 475–550 K or 42 DU at 350–550 K, as diagnosed
from the model simulations and measurements.

Organic nitrogen deposition in precipitation in metropolitan Guangzhou
city of southern China
Jiong Lia, Yunting Fanga, Muneoki Yohc, Xuemei Wangd, Zhiyong Wud,
Yuanwen Kuanga, Dazhi Wena
Source: Atmospheric Research Volume 113, September 2012, Pages 57–67
Organic nitrogen (N) has been shown to be an important component of
atmospheric N deposition. However, its contribution to total N deposition and
its sources have not been well investigated under severe air N pollution. We
quantified dissolved inorganic and organic N deposition in bulk precipitation
over two years in Guangzhou, a city suffering from long-term acid rain in
southern China, and linked organic N to other atmospheric components to
explore the potential sources. We found that dissolved organic N (DON) in
precipitation contributed a considerable amount of N (8.1 and 8.4 kg N ha−
1 yr− 1 in 2008 and 2009, respectively) to total N deposition in the study
city, although the percentage to total dissolved N (17–21%) was lower than
often reported (approximately 30%). Including DON, precipitation N
deposition in the study city reached 39–49 kg N ha− 1 yr− 1, suggesting
an important N source to natural ecosystems. We also found that DON
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concentration was positively correlated with both ammonium and nitrate
concentrations, indicating their anthropogenic sources. The anthropogenic
source of DON was further supported by close correlations of DON with
precipitation non-sea-salt sulfate concentration and with air concentration of
nitrogen and sulfur oxides. Our results suggest that atmospheric DON
deposition may also be considerable in many other cities.

Impact of clustered meteorological parameters on air pollutants
concentrations in the region of Annaba, Algeria
Soufiane Khedairiaa, Mohamed Tarek Khadira
Source: Atmospheric Research Volume 113, September 2012, Pages 89–101
The main objective of this study is the characterization of meteorological
conditions in the region of Annaba (Algeria) using clustering tools. The
proposed two stages clustering approach is based on using the SelfOrganizing Maps (SOMs) and the well known K-means clustering algorithm.
Quantitative (using two categories of validity indices) and qualitative criteria
were introduced to compare and verify the correctness of the results. The
different experiments developed, extracted five classes, which were related to
typical meteorological conditions in the area. The obtained meteorological
clusters are then used to better elucidate the dependency of meteorology on
air quality in the presence of seven measured pollutants. In the current
paper, Artificial Neural Networks (ANNs), and more precisely, Multi-Layered
Perceptron (MLP) is used for modeling air pollutants, as well as, simulating
their behaviour in relation to the meteorological parameters of interest. This
behaviour is also investigated with the aid of correlation coefficient, where
only results are shown for comparison, several relations and conclusions
have been drawn.concentrations, indicating their anthropogenic sources. The
anthropogenic source of DON was further supported by close correlations of
DON with precipitation non-sea-salt sulfate concentration and with air
concentration of nitrogen and sulfur oxides. Our results suggest that
atmospheric DON deposition may also be considerable in many other cities.

Evaluating the influences of biomass burning during 2006 BASE-ASIA:
a regional chemical transport modeling
J. S. Fu, N. C. Hsu, Y. Gao, K. Huang, C. Li, N.-H. Lin, and S.-C. Tsay
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Source: Atmos. Chem. Phys., 12, 3837-3855, 2012 www.atmos-chemphys.net/12/3837/2012/ doi:10.5194/acp-12-3837-2012
To evaluate the impact of biomass burning from Southeast Asia to East
Asia, this study conducted numerical simulations during NASA's 2006
Biomass-burning Aerosols in South-East Asia: Smoke Impact Assessment
(BASE-ASIA). Two typical episode periods (27–28 March and 13–14
April) were examined. Two emission inventories, FLAMBE and GFED, were
used in the simulations. The influences during two episodes in the source
region (Southeast Asia) contributed to the surface CO, O3 and PM2.5
concentrations as high as 400 ppbv, 20 ppbv and 80 μg m−3,
respectively. The perturbations with and without biomass burning of the above
three species during the intense episodes were in the range of 10 to 60%,
10 to 20% and 30 to 70%, respectively. The impact due to long-range
transport could spread over the southeastern parts of East Asia and could
reach about 160 to 360 ppbv, 8 to 18 ppbv and 8 to 64 μg m−3 on
CO, O3 and PM2.5, respectively; the percentage impact could reach 20 to
50% on CO, 10 to 30% on O3, and as high as 70% on PM2.5. In
March, the impact of biomass burning mainly concentrated in Southeast Asia
and southern China, while in April the impact becomes slightly broader and
even could go up to the Yangtze River Delta region. Two cross-sections at
15° N and 20° N were used to compare the vertical flux of biomass
burning. In the source region (Southeast Asia), CO, O3 and PM2.5
concentrations had a strong upward transport from surface to high altitudes.
The eastward transport becomes strong from 2 to 8 km in the free
troposphere. The subsidence process during the long-range transport
contributed 60 to 70%, 20 to 50%, and 80% on CO, O3 and PM2.5,
respectively to surface in the downwind area. The study reveals the
significant impact of Southeastern Asia biomass burning on the air quality in
both local and downwind areas, particularly during biomass burning episodes.
This modeling study might provide constraints of lower limit. An additional
study is underway for an active biomass burning year to obtain an upper
limit and climate effects.

Seasonal variation in vertical volatile compounds air concentrations
within a remote hemiboreal mixed forest
S. M. Noe, K. Hüve, Ü. Niinemets, and L. Copolovici
Source: Atmos. Chem. Phys., 12, 3909-3926, 2012 www.atmos-chemphys.net/12/3909/2012/ doi:10.5194/acp-12-3909-2012
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The vertical distribution of ambient biogenic volatile organic compounds
(BVOC) concentrations within a hemiboreal forest canopy was investigated
over a period of one year. Variability in temporal and spatial isoprene
concentrations, ranging from 0.1 to 7.5 μg m−3, can be mainly explained
by biogenic emissions from deciduous trees. Monoterpene concentrations
exceeded isoprene largely and ranged from 0.01 to 140 μg m−3 and during
winter time anthropogenic contributions are likely. Variation in monoterpene
concentrations were found to be largest right above the ground and the
vertical profiles suggest a weak mixing leading to terpene accumulation in
the lower canopy. Exceptionally high values were recorded during a heat
wave in July 2010 with very high midday temperatures above 30 °C for
several weeks. During summer months, monoterpene exceeded isoprene
concentrations 6-fold and during winter 12-fold. During summer months,
dominance of α-pinene in the lower and of limonene in the upper part of
the canopy was observed, both accounting for up to 70% of the total
monoterpene concentration. During wintertime, Δ3-carene was the dominant
species, accounting for 60% of total monoterpene concentration in January.
Possible biogenic monoterpene sources beside the foliage are the leaf litter,
the soil and also resins exuding from stems. In comparison, the hemiboreal
mixed forest canopy showed similar isoprene but higher monoterpene
concentrations than the boreal forest and lower isoprene but substantially
higher monoterpene concentrations than the temperate mixed forest canopies.
These results have major implications for simulating air chemistry and
secondary organic aerosol formation within and above hemiboreal forest
canopies. Possible effects of in-cartridge oxidation reactions are discussed as
our measurement technique did not include oxidant scavenging. A comparison
between measurements with and without scavenging oxidants is presented.

Comparative evaluation of the impact of WRF/NMM and WRF/ARW
meteorology on CMAQ simulations for PM2.5 and its related precursors
during the 2006 TexAQS/GoMACCS study
S. Yu, R. Mathur, J. Pleim, G. Pouliot, D. Wong, B. Eder, K. Schere, R. Gilliam,
and S. T. Rao
Source: Atmos. Chem. Phys., 12, 4091-4106, 2012 www.atmos-chemphys.net/12/4091/2012/ doi:10.5194/acp-12-4091-2012
This study presents a comparative evaluation of the impact of WRF-NMM
and WRF-ARW meteorology on CMAQ simulations of PM2.5, its composition
and related precursors over the eastern United States with the intensive
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observations obtained by aircraft (NOAA WP-3), ship and surface
monitoring networks (AIRNow, IMPROVE, CASTNet and STN) during the
2006 TexAQS/GoMACCS study. The results at the AIRNow surface sites
show that both ARW-CMAQ and NMM-CMAQ reproduced day-to-day
variations of observed PM2.5 and captured the majority of observed PM2.5
within a factor of 2 with a NMB value of −0.4% for ARW-CMAQ and
−18% for NMM-CMAQ. Both models performed much better at the urban
sites than at the rural sites, with greater underpredictions at the rural sites.
Both models consistently underestimated the observed PM2.5 at the rural
IMPROVE sites by −1% for the ARW-CMAQ and −19% for the NMMCMAQ. The greater underestimations of SO42−, OC and EC by the NMMCMAQ contributed to increased underestimation of PM2.5 at the IMPROVE
sites. The NMB values for PM2.5 at the STN urban sites are 15% and
−16%
for
the
ARW-CMAQ
and
NMM-CMAQ,
respectively.
The
underestimation of PM2.5 at the STN sites by the NMM-CMAQ mainly
results from the underestimations of the SO42−, NH4+ and TCM
components, whereas the overestimation of PM2.5 at the STN sites by the
ARW-CMAQ results from the overestimations of SO42−, NO3−, and NH4+.
The Comparison with WP-3 aircraft measurements reveals that both ARWCMAQ and NMM-CMAQ have very similar model performance for vertical
profiles for PM2.5 chemical components (SO42−, NH4+) and related
gaseous species (HNO3, SO2, NH3, isoprene, toluene, terpenes) as both
models used the same chemical mechanisms and emissions. The results of
ship along the coast of southeastern Texas over the Gulf of Mexico show
that both models captured the temporal variations and broad synoptic change
seen in the observed HCHO and acetaldehyde with the means NMB <30%
most of the time but they consistently underestimated terpenes, isoprene,
toluene and SO2.

Characteristics of atmospheric carbonyls during haze days in Beijing,
China
Jingchun Duana, Songjun Guob, Jihua Tanc, Shulan Wanga, Fahe Chaia
Source: Atmospheric Research Volumes 114–115, 1 October 2012, Pages 17–27
Characteristics of atmospheric carbonyls during haze days in Beijing were
studied in August 2006. Formaldehyde (35.65 ± 14.74 μg/m3),
acetaldehyde (15.65 ± 12.37 μg/m3) and acetone (8.83 ± 5.23 μg/m3)
are three most abundant carbonyls, accounting for ~ 75% of total carbonyls.
Their levels and O3 clearly peaked in the afternoon (especially for
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formaldehyde), implying photochemical formation. The observed C1/C2
(2.69 ± 0.78) and C2/C3 (6.29 ± 2.87) ratios indicated the important
influence of anthropogenic source on carbonyls, and the higher C1/C2
(2.69) ratio in haze days also implied photochemical formation of
carbonyls. Correlation coefficient (R2) among formaldehyde, acetaldehyde,
acetone and total carbonyls were 0.66–0.95 together with C1/C2 ratio
analysis and diurnal variations of carbonyls and O3, indicating ambient
carbonyls in haze days of Beijing are mainly dominated by photochemical
formation.

Urban organic aerosols measured by single particle mass spectrometry
in the megacity of London
M. Dall'Osto and R. M. Harrison,
Source: Atmos. Chem. Phys., 12, 4127-4142, 2012 www.atmos-chemphys.net/12/4127/2012/ doi:10.5194/acp-12-4127-2012
During the month of October 2006, as part of the REPARTEE-I experiment
(Regent's Park and Tower Environmental Experiment) an Aerosol Time-OfFlight Mass Spectrometer (ATOFMS) was deployed at an urban background
location in the city of London, UK. Fifteen particle types were classified,
some of which were already discussed (Dall'Osto et al., 2009a,b; Harrison
et al., 2012). In this manuscript the origins and properties of four
unreported particle types postulated to be due to locally generated aerosols,
independent of the air mass type advected into London, are examined. One
particle type, originating from lubricating oil (referred to as Ca-EC), was
associated with morning rush hour traffic emissions. A second particle type,
composed of both inorganic and organic species (called Na-EC-OC), was
found enhanced in particle number concentration during evening time periods,
and is likely to originate from a source operating at this time of day, or
more probably from condensation of semi-volatile species. A third class,
internally mixed with organic carbon and sulphate (called OC), was found
to spike both in the morning and evenings although it could not
unambiguously associated with a specific source or atmospheric process. The
fourth class (Secondary Organic Aerosols – Polycyclic Aromatic Hydrocarbon;
SOA-PAH) exhibited maximum frequency during the warmest part of the
day, and a number of factors point towards secondary aerosol production
from traffic-related volatile aromatic compounds. Single particle mass spectra
of this particle type showed an oxidized polycyclic aromatic compound
signature. A comparison of ATOFMS particle class data is then made with
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factors obtained by Positive Matrix Factorization and PAH signatures obtained
from Aerosol Mass Spectrometer (AMS) data (Allan et al., 2010). Both
the Ca-EC and OC particle types correlate with primary Hydrocarbon-like
Organic Aerosol (HOA, R2 = 0.65 and 0.50 respectively), and Na-ECOC correlates weakly with the AMS secondary Oxygenated Organic Aerosol
(OOA), (R2 = 0.35). Cluster SOA-PAH was found not to correlate with
any AMS signal. A detailed analysis was conducted to identify ATOFMS
particle type(s) representative of the AMS cooking aerosol factor (COA),
but no convincing associations were found. The combined ATOFMS and AMS
results of this REPARTEE study do not always provide an entirely coherent
interpretation.

Characterization of organic aerosol in fine particles in a mega-city of
South China: Molecular composition, seasonal variation, and size
distribution
Xiao-Feng Huang, Dong-Lei Chen, Zi-Juan Lan, Ning Feng, Ling-Yan He,
Guang-He Yu, Sheng-Ji Luan
Source: Atmospheric Research Volumes 114–115, 1 October 2012, Pages 28–37
A one-year-long observation on major organic compounds in PM2.5 was
performed in a coastal mega-city in South China, Shenzhen, in order to
gain information of their ambient concentration levels and the implications for
sources. The compounds identified included alkanes, PAHs, hopanes, fatty
acids and dicarboxylic acids, whose annual average concentrations during the
year were 56.0, 14.8, 2.51, 253, and 25.2 ng m− 3, respectively. The
seasonal molecular distributions of these organic compounds were discussed
to explore their contributing sources in Shenzhen. Conclusively, alkanes and
PAHs had the dominant source of fossil fuel combustion, although alkanes
also had significant contribution from plant wax (~ 16%). The hopane
series distributions further indicated that vehicle emissions were the dominant
fossil fuel combustion source for PM2.5 in Shenzhen. Cooking emissions
were inferred to be the most possible main source for fatty acids, while
both primary and secondary origins were implied for azelaic acid, the
dominant one in the dicarboxylic acids identified. Most of the organic
compounds analyzed showed a size distribution pattern peaking at 0.32–0.56
or 0.56–1 μm in the accumulation mode, except that the cooking-related
organic acids showed implication of a coarse mode-dominated pattern.
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Direct N2O5 reactivity measurements at a polluted coastal site
T. P. Riedel1,2, T. H. Bertram3, O. S. Ryder3, S. Liu4, D. A. Day4,5, L. M.
Russell4, C. J. Gaston4, K. A. Prather3,4, and J. A. Thornton1
Source: Atmos. Chem. Phys., 12, 2959-2968, 2012 www.atmos-chemphys.net/12/2959/2012/ doi:10.5194/acp-12-2959-2012
Direct measurements of N2O5 reactivity on ambient aerosol particles were
made during September 2009 at the Scripps Institution of Oceanography
(SIO) Pier facility located in La Jolla, CA. N2O5 reactivity measurements
were made using a custom flow reactor and the particle modulation
technique alongside measurements of aerosol particle size distributions and
non-refractory composition. The pseudo-first order rate coefficients derived
from the particle modulation technique and the particle surface area
concentrations were used to determine the population average N2O5 reaction
probability, γ(N2O5), approximately every 50 min. Insufficient environmental
controls within the instrumentation trailer led us to restrict our analysis
primarily to nighttime measurements. Within this subset of data, γ(N2O5)
ranged from <0.001 to 0.029 and showed significant day-to-day variations.
We compare these data to a recent parameterization that utilizes aerosol
composition measurements and an aerosol thermodynamics model. The
parameterization captures several aspects of the measurements with similar
general trends over the time series. However, the parameterization
persistently overestimates the measurements by a factor of 1.5–3 and does
not illustrate the same extent of variability. Assuming chloride is internally
mixed across the particle population leads to the largest overestimates.
Removing this assumption only partially reduces the discrepancies, suggesting
that other particle characteristics that can suppress γ(N2O5) are important,
such as organic coatings or non-aqueous particles. The largest apparent
driver of day-to-day variability in the measured γ(N2O5) at this site was
the particle nitrate loading, as inferred from both the measured particle
composition and the parameterizations. The relative change in measured
γ(N2O5) as a function of particle nitrate loading appears to be consistent
with expectations based on laboratory data, providing direct support for the
atmospheric importance of the so-called "nitrate effect".e dominant one in
the dicarboxylic acids identified. Most of the organic compounds analyzed
showed a size distribution pattern peaking at 0.32–0.56 or 0.56–1 μm in
the accumulation mode, except that the cooking-related organic acids showed
implication of a coarse mode-dominated pattern.
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Tropospheric ozone and aerosol long-term trends over the IndoGangetic Plain (IGP), India
D.M. Lala, Sachin D. Ghudea, S.D. Patila, Santosh H. Kulkarnia, Chinmay
Jenaa, S. Tiwaria, Manoj K. Srivastavab
Source: Atmospheric Research Volume 116, 15 October 2012, Pages 82–92
We investigate, for the first time, long-term trends in tropospheric ozone and
its association with the industrial growth in large part of India. A
multifunction regression model has been used to estimate the trends in
tropospheric ozone between 1979 and 1992 over the Indian region.
Increasing trends in tropospheric ozone are observed over most of the
regions of India. Recent year's (2005–2010) data also shows the similar
features. It is quite consistent with the observed trends in coal (9.2%/year)
and petroleum (8.3%/year) consumption, and NOx and CO emissions in
India during the study period. The regressed Tropospheric Ozone Residual
(TOR) pattern during monsoon season shows large trend over the entire
Indo-Gangetic region and is largest, 6–7.2% per decade, over the
northeastern Gangetic plain of India. Annually, trend of about 0.4 ± 0.25
(1σ) % per year has been seen over the northeastern Gangetic region.
Similar positive trend in aerosol index (AI) (1.7 ± 1.2 (1σ) % per year)
is also detected over this region. The quality of correlation between TOR
and AI suggested that tropospheric ozone appeared to be influenced by the
increased anthropogenic activities in this region.

Meteorological modes of variability for fine particulate matter (PM2.5) air
quality in the United States: implications for PM2.5 sensitivity to climate
change
A. P. K. Tai, L. J. Mickley, D. J. Jacob, E. M. Leibensperger, L. Zhang, J. A.
Fisher, and H. O. T. Pye
Source: Atmos. Chem. Phys., 12, 3131-3145, 2012 www.atmos-chemphys.net/12/3131/2012/ doi:10.5194/acp-12-3131-2012
We applied a multiple linear regression model to understand the relationships
of PM2.5 with meteorological variables in the contiguous US and from there
to infer the sensitivity of PM2.5 to climate change. We used 2004–2008
PM2.5 observations from ~1000 sites (~200 sites for PM2.5 components)
and compared to results from the GEOS-Chem chemical transport model
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(CTM). All data were deseasonalized to focus on synoptic-scale
correlations. We find strong positive correlations of PM2.5 components with
temperature in most of the US, except for nitrate in the Southeast where
the correlation is negative. Relative humidity (RH) is generally positively
correlated with sulfate and nitrate but negatively correlated with organic
carbon. GEOS-Chem results indicate that most of the correlations of PM2.5
with temperature and RH do not arise from direct dependence but from
covariation with synoptic transport. We applied principal component analysis
and regression to identify the dominant meteorological modes controlling
PM2.5 variability, and show that 20–40% of the observed PM2.5 day-today variability can be explained by a single dominant meteorological mode:
cold frontal passages in the eastern US and maritime inflow in the West.
These and other synoptic transport modes drive most of the overall
correlations of PM2.5 with temperature and RH except in the Southeast. We
show that interannual variability of PM2.5 in the US Midwest is strongly
correlated with cyclone frequency as diagnosed from a spectral-autoregressive
analysis of the dominant meteorological mode. An ensemble of five
realizations of 1996–2050 climate change with the GISS general circulation
model (GCM) using the same climate forcings shows inconsistent trends in
cyclone frequency over the Midwest (including in sign), with a likely
decrease in cyclone frequency implying an increase in PM2.5. Our results
demonstrate the need for multiple GCM realizations (because of climate
chaos) when diagnosing the effect of climate change on PM2.5, and
suggest that analysis of meteorological modes of variability provides a
computationally more affordable approach for this purpose than coupled
GCM-CTM studies.

Tropospheric temperature inversion over central China
Yunying Li, Jiping Yan, Xingbin Sui
Source: Atmospheric Research Volume 116, 15 October 2012, Pages 105–115
A four-tiered pattern of temperature inversion over central China is revealed
using radiosonde data at seven stations in China during 1990–2010. The
statistical features of climatic distribution, typical temperature structure and
seasonal variation of each temperature inversion are obtained. The formation
mechanism of this four-tiered pattern is then explored. The results show that
there is one temperature inversion layer in the lower troposphere, one in the
middle troposphere, and two inversion layers in the upper troposphere. The
inversion in the lower troposphere occurs frequently in spring and autumn,
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and is likely caused by radiation cooling. The inversion in the middle
troposphere is a representative of temperature characteristic over central
China; it appears in winter and disappears in summer. The inversion in the
middle troposphere depends on geographical location and synoptic cold-front
system. It is the result of cold advection from northern China at a lower
level and warm advections from both western and southern China at a
higher level. The two inversions in the upper troposphere are associated with
extratropical tropopause and tropical tropopause, respectively. The extratropical
tropopause generally occurs in higher latitude and rarely occurs in lower
latitude over China, with higher frequencies in winter and spring and a lower
frequency in summer. The tropical tropopause varies little with season or
latitude, neither does the associated inversion. Only ~ 35% of the
extratropical tropopause samples are accompanied by temperature inversion,
while nearly 100% of the tropical tropopause samples are accompanied by
inversion. The tropical-tropopause inversion is a temperature inflection from
troposphere to stratosphere. The mechanism of the extratropical-tropopause
inversion needs further study.

Analysis of aerosol characteristics and their relationships with
meteorological parameters over Anhui province in China
Xueliang Denga, Chune Shia, Biwen Wua, Zhenghua Chenb, Suping Niec,
Dongyan Hed, Hao Zhanga
Source: Atmospheric Research Volumes 109–110, June 2012, Pages 52–63
The characteristics of Aerosol Optical Depth (AOD) and Ångström exponent
are analyzed and AODs are compared with CE318 measurements from 2001
to 2009 over Anhui province in China, with an evaluation of potential
contributing factors, including regional burning emissions and meteorology. The
result indicates that MODIS AODs (Collection 5, C005) are in good
agreement with those from CE318 with correlation coefficient of above 0.80
and RMS of below 0.21 in Anhui. Most of MODIS cases fall in the range
of ∆τ = ± 0.05 ± 0.20τ at four AERONET sites. Aerosol optical properties
show a notable spatial–temporal distribution feature in Anhui. The values of
lower AOD and higher Ångström exponent both appear at southern mountain
area. We document seasonal variations in patterns of AOD and Ångström
exponent in Anhui, for which peak values respectively occur in June and
August. Time series plots for AOD and fire pixel counts are produced to
provide a better understanding of influence of burning emission for aerosol.
Agricultural residue burning occurs seriously in June, which leads to
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appearance of AOD peak values. The results between AODs and
meteorological parameters show good relationships at Fuyang. Wind speed
and wind direction can strongly influence aerosol optical depth and its size,
meanwhile, relative humidity and visibility respectively have positive and
negative correlation with AODs. Mixed layer depths and AODs have similar
monthly variation trend. We use HYSPLIT model for trajectory analysis to
reveal the origins of air masses for different levels AODs and Ångström
exponent, with the aim of discriminating contributions of different sources.

Argo observations of barrier layer in the tropical Indian Ocean
Agarwal N., Sharma R., Parekh A., Basu S., Sarkar A., Agarwal V.K.
Advances in Space Research, 50, July 2012, DOI: 10.1016/j.asr.2012.05.021,
642–654
All the available Argo ﬂoat observations of temperature and salinity for the
period January 2002 through December 2008 have been analyzed to
evaluate the seasonal characteristics of barrier layer (BL) in the entire
tropical Indian Ocean (TIO). The annual average barrier layer thickness
(BLT) in the TIO varies from 10 to 50 m, with larger values in the warm
pool regions viz., eastern TIO, Bay of Bengal (BOB) and southeastern
Arabian Sea (SEAS). Standard deviation is also high (10–35 m) indicating
strong seasonal variations. The annual average mixed layer depth is low
(<50 m), whereas isothermal layer depth (ILD) is high (>50 m) in
these regions. Annual average BLT pattern largely coincides with the average
precipitation pattern. The relative importance of atmospheric forcings (wind
and precipitation) obtained from satellites and ocean dynamics (once again
using satellite-derived currents) has been investigated. Also, net production
of energy has been computed to ﬁnd out the reason for the formation,
sustenance and destruction of barrier layer. Expectedly, regions of deep
barrier layer have been found to coincide with those of high net energy. A
signiﬁcant interannual variation in BLT has been found in the SEAS and
eastern equatorial Indian Ocean (EEIO).

Surface ozone scenario at Pune and Delhi during the decade of
1990s
Ali K., Inamdar S.R., Beig G., Ghude S., Peshin S.
Journal of Earth System Science, 121, April 2012, 373-383
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Data on surface ozone concentration compiled for a 10-year period from
1990 to 1999 for Pune and Delhi are analyzed in terms of its frequency
distribution, annual trend, diurnal variation and its relation with various
meteorological and chemical parameters. It is found that the surface ozone
concentration range showing highest frequency of occurrence at Pune is 0–5
ppb during winter and post-monsoon seasons and 15–20 ppb and 5–10 ppb
during summer and monsoon seasons, respectively. It is 0–5 ppb at Delhi
during all the seasons. The surface ozone concentration has shown a
decreasing trend at Pune during the observational period with an average
rate of decrease of 1.54 ppb/year. On the other hand, there is no trend
whatsoever in the variation of surface ozone concentration at Delhi. Minimum
value of surface ozone occurs before sunrise and maximum in the afternoon
hours. Regression analyses of surface ozone with maximum temperature (r
= 0.46 for Pune and 0.51 for Delhi, signiﬁcant at more than 0.1%) and
NO2 at respective locations indicate that surface ozone at these locations is
mainly produced by photochemistry. Transport mechanism is also understood
to have contributed signiﬁcantly to the total concentration of ozone. Inverse
relationship obtained between surface ozone concentration and relative
humidity indicates that major photochemical paths for removal of ozone
become effective when humidity increases at these locations.

Seasonal factors influencing in chemical composition of total suspended
particles at Pune, India
Ali K, Budhavant K.B., Safai P.D., Rao P.S.P.
Science of the Total Environment, 414, January 2012, 257-267
A study on the chemical characterization of boundary layer aerosols is made
based on the collection of TSP and size separated aerosol mass samples at
Pune during March 2007–February 2008. This study will be helpful in
simulating atmospheric processes responsible for aerosol development over
Pune region and understanding its environmental implications related to
radiation budget and climate. It is found that major fraction of Ca2+ is locally
generated by suspension of soil dust during all the seasons. During premonsoon season, coarse Mg2+ is originated from the soil and the sea salt,
whereas ﬁne Mg2+ is generated from the local biomass burning. Sizeable
amount of SO42− is emitted from local industrial and brick kiln's activities.
Neutralization of NO3-, generated both from biogenic and anthropogenic
sources, is made by NH3 gas generated mainly from anthropogenic sources.
The data are further examined in terms of the factors speciﬁc to the
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individual seasons inﬂuencing physical and chemical characteristics of the
boundary layer aerosols. The speciﬁc factors are: (a) Intense local
convection during pre-monsoon season; (b) southwesterly wind ﬂow and
rainfall activity during monsoon season; and (c) Day time convection and
occurrence of low level inversion during post-monsoon and winter seasons.

Is a global warming signature emerging in the tropical Pacific?
Ashok K., Sabin.T.P., Swapna P., Murtugudde R.G.
Geophysical Research Letters, 39, January 2012, doi:10.1029/2011GL050232,
L02701, 1-5
The tropical pacific experienced a hitherto-unseen anomalous basinwide
warming from May 2009 through April 2010 with the maximum warming to
the east of the dateline, but for a weak anomalous cooling west of 140°E
after early boreal fall. Our observed analysis and model experiments isolate
the potential teleconnections from TP during the summer of 2009. Further,
we show through an empirical orthogonal function analysis of the tropical
Pacific SSTA that the anomalous conditions in TP during this period could
have manifested as a canonical El Niño, but for a slowly intensifying
background west–east gradient. This zonal SST gradient is subject to an
increasing trend associated with global warming. A possible implication is that
any further increase in global warming may result in more basinwide warm
events in place of canonical El Niños, along with the occurrence of more
intense La Niñas and El Niño Modokis.

The influence of a south Asian dust storm on aerosol radiative forcing
at a high-altitude station in central Himalayas
Atul K. Srivastava P. Pant, P. Hegde, Sachchidanand Singh, U. C. Dumkat,
Manish Naja, Narendra singh and Y. Bhavanikumari
International Journal of Remote Sensing iFirst, 2011, 1–19
The impact of long-range transported dust aerosols, originating from the Thar
Desert region, to a high-altitude station in the central Himalayas was studied
with the help of micro-pulse lidar (MPL) observations. A drastic change in
lidar back-scatter profile was observed on a dust day as compared with that
on a pre– dust day. The back-scatter coefficient on a dust day revealed
that the dust layer peaked at an altitude ∼1300 m above ground level
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(AGL) and extended up to ∼3000 m AGL, with maximum value ∼3 × 10–
5
m–1sr–1. Aerosol Index (AI) and air mass back-trajectory analysis
substantiate the transport of dust aerosols from the far-off Thar Desert
region to the experimental site. A significant effect of dust aerosols was also
observed over the station on the spectral aerosol optical depths (AODs),
measured using a Microtops-II Sunphotometer. It showed significantly different
spectral behaviour of AOD on a dust day as compared with that on a predust day. The Ångström exponent (α) showed a marked decrease from
0.42 to 0.04 from the pre-dust day to the dust day. The aerosol radiative
forcing estimated using the Santa Barbara DISORT (discrete ordinate
radiative transfer) atmospheric radiative transfer (SBDART) model, in
conjunction with the optical properties of aerosol and cloud (OPAC) model,
showed values of about –30, –45 and +15 W m–2, respectively, at top-ofatmosphere (TOA), surface and in the atmosphere on the dust day. The
positive atmosphere forcing caused an estimated heating of the lower
atmosphere by ∼0.4 K day–1.

Recent changes in the circulation parameters and their association
with Indian summe rmonsoon rainfall
Bansod S.D, Singh H.N, Patil S.D, Singh N.
Journal of Atmospheric and Solar Terrestrial Physics, 77, February 2012, 248–
253
The phenomena of Earth's climate system and its associated rainfall are
mainly driven by the changes in various circulation parameters embedded
with the local atmospheric instability. An attempt has been made in the
present study to examine the recent changes in four selected regional
circulation parameters viz., zonal wind at 200 hPa level over Tibetan
Anticyclone region (TAU200), zonal wind at 100 hPa over peninsular India
i.e. Tropical Easterly Jet (TEJU100), meridional wind (Somali Jet) at 850
hPa over Somali Coast (SJV850) and meridional wind at 850 hPa over
Arabian Sea (ASV850) using NCEP/NCAR reanalysis dataset during the
period 1949–2008. The inﬂuences of these circulation parameters in the
Indian summer monsoon rainfall (ISMR) have also been brought out.
ASV850 and TEJU100 show decreasing tendency which in turn leads to the
weakening of the moisture transport mechanism over the Indian sub-continent
during the monsoon season whereas the other parameters TAU200 and
SJV850 show increasing tendency. TEJU100 shows highly signiﬁcant
decreasing trends throughout the monsoon months and season with a very
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strong positive relationship with ISMR. The intensity of the TAU200 on
monthly scale seems to have less impact as compared to the other
circulation parameters on ISMR during the warming scenario though it plays
a vital role in modulating the general atmospheric circulation.

A Prediction of sub-seasonality of Indian monsoon through kinetic
energy of wave zero
Bawiskar S.M., Chipade M.D.
International Journal of Geology, Earth and Environmental Sciences, 2, April
2012, 104-115
Analysis of sixty (1951-2010) years of daily Kinetic Energy of zonal waves
derived from NCEP/NCAR u and v data and daily All India Monsoon
Rainfall (AIMR) indicate that temporal variations of Kinetic Energy of wave
zero (KE(0)) at 100 hPa have potential to predict the Intra-Seasonal
Variations (ISV) of Indian Summer Monsoon one month in advance. The
Principal Oscillation Patterns of KE (0) and AIMR are almost identical. The
prediction method presented in the study is simple and clear. Observe the
temporal variation of KE (0) from mid-April and predict the variation of
AIMR from June. In the present scenario, when none of the models
(Statistical/Dynamical) in use in India are able to predict ISV, even the
qualitative information like increase/decrease of rainfall during the next
fortnight and that too one month in advance, is of immense importance to
the farmers and planners and even to operational forecasters.

Inter-comparison of 11-year solar cycle response in mesospheric
ozone and temperature obtained by HALOE satellite data and
HAMMONIA model
Beig G., Fadnavis S., Schmidt H., Brasseur G.P.
Journal of Geophysical Research, 117, January 2012,
doi:10.1029/2011JD015697, D00P10, 1-12
To investigate the effects of decadal solar variability on ozone and
temperature in the MLT region, data obtained from the Halogen Occultation
Experiment (HALOE) aboard Upper Atmospheric Research Satellite (UARS)
during the period 1992–2004 are analyzed using a multifunctional regression
model. The experimental results are compared with results from the 3-D
chemistry climate model HAMMONIA (Hamburg Model of Neutral and Ionized
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Components). The simulated and observed responses of temperature and
ozone profiles to the 11-year solar cycle show many similarities. The inferred
annual-mean solar signal in ozone is found to be insignificant in the lower
mesosphere whereas it is of the order of 5%/100 sfu (solar flux units;
units of 10.7 cm radio flux) in the upper mesosphere for both low and mid
latitudes. Results indicate a hemispheric symmetry in the tropics but not at
midlatitudes for the ozone response. The inferred annual mean temperature
response is found to be of the order of 0.5–1 K/100 sfu. There is better
agreement between the HALOE derived and model simulated responses in
the tropics than at midlatitudes, both in temperature and ozone. Results
obtained in the present study are also compared with the results obtained by
other models.

Atmospheric wet and dry depositions of ions over an urban location in
South-West India
Budhavant K.B., Rao P.S.P., Safai P.D., Gawhane R.D., Raju M.P., Mahajan
C.M., Satsangi P.G.
Aerosol and Air Quality Research, 12, August 2012,
DOI:10.4209/aaqr.2011.12.0233, 561-570
Wet deposition (WD) and Dry deposition (DD) samples were collected
during a period of 4 year (2006 to 2009), at four different sites
representing different surroundings around Pune city in southwest India. The
samples were collected on a daily basis for WD and weekly basis for DD.
These samples were analyzed for major ionic components e.g., Cl−, NO3−,
SO42−, Na+, K+, NH4+, Ca2+ and Mg2+ . Both the WD and DD were
alkaline (pH > 5.6) at all the four sites. The WD fluxes of all the ionic
components were higher than the DD fluxes, except at the traffic junction
Swargate, where majority of the species appeared with much higher DD
fluxes than WD fluxes (68% for NO3−, 63% for Ca2+, 60% for Mg2+, 57%
for K+). WD flux of NH4+ is higher (64–80%) than the DD flux at three
locations and slightly lower (48%) at a high altitude location. In case of
sea salt (Na and Cl), WD fluxes were higher (63–90%) than the DD
fluxes at all the four locations. The dominant ion in DD was NO3− at
Pashan (semi-urban) and Sinhagad (high altitude), Ca2+ at Swargate
(traffic junction) and SO42− at Bhosari (industrial). The difference in
deposition fluxes between the four sites was attributed to the effect of the
local sources. Deposition velocities of SO42− and NH4+ were < 1 cm/s
while Ca2+, Mg2+, Na+, K+, NO3- , and Cl- exhibited deposition velocities ≥
164

1 cm/s. At one of the sites Pashan, where the earlier data is available;
DD rates showed increase in all the chemical components, except for
NH4+ after a period of about 2 decades.

Pacific coral oxygen isotope and the tropospheric temperature
gradient over the Asian monsoon region: a tool to reconstruct past
Indian summer monsoon rainfall
Chakraborty S., Goswami B.N., Dutta K.
Journal of Quaternary Science, 27, April 2012, DOI:10.1002/jqs.1541, 269-278
Having recognized that it is the tropospheric temperature (TT) gradient
rather than the land–ocean surface temperature gradient that drives the
Indian monsoon, a new mechanism of El Nin˜o/Southern Oscillation
(ENSO) monsoon teleconnection has been unveiled in which the ENSO
influences the Indian monsoon by modifying the TT gradient over the region.
Here we show that equatorial Pacific coralline oxygen isotopes reflect TT
gradient variability over the Indian monsoon region and are strongly correlated
to monsoon precipitation as well as to the length of the rainy season. Using
these relationships we have been able to reconstruct past Indian monsoon
rainfall variability of the first half of the 20th century in agreement with the
instrumental record. Additionally, an older coral oxygen isotope record has
been used to reconstruct seasonally resolved summer monsoon rainfall
variability of the latter half of the 17th century, indicating that the average
annual rainfall during this period was similar to that during the 20th century.

Spring asymmetric mode in the tropical Indian Ocean: role of El Nin˜o
and IOD
Chakravorty Soumi, Chowdary J.S., Gnanaseelan C.
Climate Dynamics, online, April 2012, DOI 10.1007/s00382-012-1340-1, 1-15
The spring asymmetric mode over the Tropical Indian Ocean (TIO) is
characterized by contrasting patterns of rainfall and surface wind anomalies
north and south of Equator. The asymmetric pattern in rainfall has evolved
as a leading mode of variability in the TIO and is strongly correlated with
El Nin˜o-Southern Oscillation (ENSO) and positive Indian Ocean Dipole
(IOD). The evolution of the asymmetric pattern in rainfall and surface wind
during pure El Nin˜o/IOD and co-occurrence years are examined in the
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twentieth century reanalysis for the period of 1871–2008 and atmospheric
general circulation model (AGCM) simulations. The study revealed that
spring asymmetric mode is well developed when El Nin˜o co-occurred with
IOD (positive) and is driven by the associated meridional gradients in sea
surface temperature (SST) and sea level pressure (SLP). The pure El
Nin˜o composites are characterized by homogeneous (spatially) SST
anomalies (positive) and weaker SLP gradients and convection, leading to
weak asymmetric mode. The asymmetric mode is absent in the pure IOD
(positive) composites due to the persistence of east west SST gradient for
a longer duration than the cooccurrence years. The meridional gradient in
SST anomalies over the TIO associated with the ENSO-IOD forcing is
therefore crucial in developing/strengthening the spring asymmetric mode. The
northwest Pacific anticyclonic circulation further strengthen the asymmetric
mode in surface winds by inducing northeasterlies in the north Indian Ocean
during pure El Nin˜o and co-occurrence years. The simulations based on
AGCM, forced by observed SSTs during the period of 1871–2000 supported
the findings. The analysis of available station and ship track data further
strengthens our results.

Outstanding rainfall events of boreal fall monsoon season of
southern peninsular India associated with the Intensification of
Negative Indian Ocean Dipole
Charlotte B.V., George G., Yesodharan S.
International Journal of Scientific & Engineering Research, 3, August 2012, 1-10
The study area southern peninsular India lying between 8◦N to 13◦N latitude
and 70◦ E to 80◦E longitudes enjoys both the summer and winter rain fall
of Indian monsoon. The stretching of Western Ghats blocking the cross
equatorial flow of south west monsoon wind creating rain shadow region of
Tamil Nadu to the east coast of the region, the peninsular shape of the
area, position of the land in between the dipole, proximity of Walker
circulation cell to the east of the study area altogether donate an exclusive
variability to the rainfall pattern to southern peninsular India compared to the
rest of the country. Any major oscillations taking place in the surrounding
sea can imbibe its own impact on the rhythm of rain happening in the
area. This study was an attempt to understand the influence of recently
found Indian Ocean dipole on boreal fall monsoon of SP. But in the course
of analysis it became obvious that Indian Ocean Dipole can affect the
course of rain of the area and the intensity of rain can affect the Indian
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Ocean Dipole vice-versa. In other words Indian Ocean Dipole and boreal fall
of SP are found to be complementing each other. Hence the matter of
interest of this article is simply confined to the relation between flooding
boreal fall monsoon years of southern peninsular India and the subsequent
state of Indian Ocean Dipole. A close analysis of various air-sea parameters
during all the flooding boreal fall monsoon years of SP for last fifty year per
Indian Ocean Dipole make one believe that the strong convection and
associated atmospheric circulation during short living excess rainfall events
work as a triggering factor for the ocean atmosphere interaction lead to the
negative intensification of Indian Ocean Dipole. Another observation is that
the interaction with seasonal mean boreal fall monsoon rainfall imposes a
biennial tendency in the Indian Ocean Dipole. Cloud cover, surface
evaporation and ocean dynamical adjustments are the three vital components
of any ocean atmospheric feedback system. Wind Evaporation Sea surface
temperature (WES) feedback system plays an important role in the ocean
atmospheric coupling of the region. It can lead to equatorial flow of flux in
case mean resultant easterly is prevailing closer to the equator and on the
other hand if a resultant westerly is persisting near to the equator it tends
to drive off the flux towards the poles. The excess precipitation of the
flooding boreal season (October to December) cools down the surrounding
seas giving rise to westerly wind anomaly which drives the warm water off
to the east which gradually accumulates near to Indonesian region. The
increasing wind speed promotes further evaporation and the additional
pumping of equatorial warm water into it gives an SST feed back to the
process. Continuous shifting of warm water from the west give rise to
upwelling of cold water in the west giving rise to the formation of a cool
pool on that side. The warming of the Indonesian region and the
simultaneous cooling of the west Indian ocean due to upwelling lead to
negative Indian Ocean Dipole. Interaction of ocean front and atmosphere
contribute to negative feedback to ocean thermodynamics. Warmer flank of a
front increase wind speed and sea air temperature intensify turbulent heat
flux from ocean finally damping out existing SST perturbation. The circulation
pattern during the extreme boreal fall events of SP also are more conducive
for the sustenance and intensification of negative Indian Ocean Dipole or
nullifying an already existing positive Indian Ocean Dipole.

Anomalous low tropospheric column ozone over Eastern India during
the severe drought event of monsoon 2002: a case study
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Sachin D. Ghude · Santosh H. Kulkarni · Pavan S. Kulkarni · Vijay P. Kanawade
· Suvarna Fadnavis · Samir Pokhrel · Chinmay Jena · G. Beig · D. Bortoli
Environ Sci Pollut Res (2011) 18:1442–1455 DOI 10.1007/s11356-011-0506-4
Background, aim, and scope The present study is an attempt to examine some of
the probable causes of the unusually low tropospheric column ozone observed over
eastern
India
during
the
exceptional
drought
event
in
July
2002.
Method We examined horizontal wind and omega (vertical velocity) anomalies over
the Indian region to understand the large-scale dynamical processes which prevailed
in July 2002. We also examined anomalies in tropospheric carbon monoxide
(CO), an important ozone precursor, and observed low CO mixing ratio in the
free
troposphere
in
2002
over
eastern
India.
Results and discussion It was found that instead of a normal large-scale ascent,
the air was descending in the middle and lower troposphere over a vast part of
India. This configuration was apparently responsible for the less convective upwelling
of precursors and likely caused less photochemical ozone formation in the free
troposphere
over
eastern
India
in
July
2002.
Conclusion The insight gained from this case study will hopefully provide a better
understanding of the process controlling the distribution of the tropospheric ozone
over the Indian region.

Estimation of aerosol size distribution from ion mobility spectra using
the KL model
DEVENDRAA SIINGH, V. GOPALAKRISHNAN, A. S. GAUTAM† and R. P.
SINGH
International Journal of Remote Sensing Vol. 32, No. 21, 10 November 2011,
6783–6798
Atmospheric ion mobility spectra were measured at Maitri, Antarctica, using
an indigenously fabricated ion mobility spectrometer in January–February 2005
during the 24th Indian Antarctic Expedition. The ion mobility spectrometer
was fabricated and tested at the Indian Institute of Tropical Meteorology,
Pune, India. As the ion mobility depends on the diameter of the particles,
the aerosol size distribution was derived from the observed ion mobility
spectra using the KL model. The model was tested by comparing the
derived spectra with the observed spectra using the Scanning Mobility Particle
Sizer and the Aerodynamic Particle Sizer. We show that the KL model can
reasonably reproduce the observed size distribution except in the
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accumulation mode. Relevant meteorological parameters are also reported,
which aid in the interpretation of the results.

The ion–aerosol interactions from the ion mobility and aerosol particle
size distribution measurements on January 17 and February 18, 2005
at Maitri, Antarctica – A case study
Devendraa Siingh, Vimlesh Pant and A K Kamra
J. Earth Syst. Sci. 120, No. 4, August 2011, pp. 735–754
A case study for the ion–aerosol interactions is presented from the
simultaneous measurements of mobility spectra of atmospheric ions in the
mobility range of 2.29 to 2.98 × 10−4 cm2 V-1 s-1 (diameter range 0.41–
109 nm) and of size distribution of atmospheric aerosol particles in the size
ranges of 4.4–700 nm and 500–20,000 nm diameters made at Maitri
(70°45'52" S, 11°44'2.7" E; 130 m above mean sea level), Antarctica,
on two days January 17 and February 18, 2005, with contrasting
meteorological conditions. In contrast to January 17, on February 18, winds
were stronger from the morning to noon and lower from the noon to
evening, atmospheric pressure was lower, cloudiness was more, the land
surface remained snow-covered after a blizzard on February 16 and 17 and
the airmass over Maitri, descended from an altitude of ∼3 km after an
excursion over ocean. On these days mobility spectra showed two modes,
corresponding to intermediate ions and light large ions and an indication of
additional one/two maxima for small/cluster ions and heavy large ions. The
small ions generated by cosmic rays, and the nucleation mode particles
generated probably by photochemical reactions grew in size by condensation
of volatile trace gases on them and produced the cluster and intermediate
ion modes and the Aitken particle mode in ion/particle spectra. Particles in
the size range of 9–26 nm have been estimated to grow at the rate of 1.9
nm h−1 on February 18, 2005. Both, ions and aerosol particles show
bimodal size distributions in the 16–107 nm size range, and comparison of
the two size distributions suggests the formation of multiple charged ions.
Attachment of small ions to particles in this bimodal distribution of Aitken
particles together with the formation of multiple charged ions are proposed to
result in the light and heavy large ion modes. Growth of the nucleation
mode particles on February 18, 2005 is associated with the passage of the
airmass over ocean. In contrast, though the ion size distributions were not
much different, the aerosol size distributions did not show a dominant peak
for the formation and growth of nucleation mode particles on January 17.
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More measurements are needed before the conclusion of this case study is
generalized.

Variation of total column ozone along the monsoon through region
over north India
G. S. MEENA and S. D. PATIL
International Journal of Remote Sensing Vol. 32, No. 9, 10 May 2011, 2581–2590
This study examined the total column ozone (TCO) variations over
NewDelhi (28.65° N, 77.217° E) and Varanasi (25.32° N, 83.03° E),
which lie along themonsoon trough region, and over the tropical station
Kodaikanal (10.23° N, 77.46° E), which lies outside the monsoon trough.
Monthly, seasonal and annual TCO variations were determined using data
from ground-based Dobson spectrophotometers during 2000–2008, Brewer
spectrophotometers during 2000–2005 and the satellite-based Scanning
Imaging Absorption Spectrometer for Atmospheric Cartography (SCIAMACHY)
during 2002–2008. We found that Dobson, Brewer and SCIAMACHY TCO
variations showed negative trends, indicating a decreasing tendency during
the period studied at all three stations. Over Varanasi, the trend decreased
further by about 3 DU year-1. Quasi-Biennial Oscillation (QBO) influences
were seen in the time series of TCO over New Delhi and Varanasi, and
weaker QBO signals over Kodaikanal. Comparisons were made between
ground-based Dobson and Brewer spectrophotometer and SCIAMACHY
satellite monthly mean TCO values. The differences between SCIAMACHY
and Dobson TCO were 0.4–4.2% for New Delhi and 2.3–6.2% for
Varanasi. The differences between SCIAMACHY and Brewer TCO values
were 2.0–6.4% forKodaikanal. In the peak monsoon months (July and
August), decreases in TCO values over New Delhi and Varanasi (the
monsoon trough region) may be due to the deep convection present during
the monsoon season. During themonsoon season, several intense cyclonic
systems appear over the monsoon trough region and may cause lowering of
the TCO. Kodaikanal shows opposite features, with high values being
observed during the peak monsoon months. TCO values over New Delhi
were found to be higher than those over Varanasi and Kodaikanal, and TCO
values over Varanasi were higher than over Kodaikanal. It was concluded
that TCO values increase with increasing latitude.

Winter aerosol and trace gas characteristics over a high-altitude
station in the Western Ghats, India
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S. KUMAR, P. C. S. DEVARA, M. G. MANOJ and P. D. SAFAI
atmósfera 24(3), 311-328 (2011)
This paper presents spectral distribution of aerosol optical depth (and
derived size distribution), water vapor and ozone in total atmospheric
column; in conjunction with particulate mass concentration in the size range
from 0.3 to 20 μm and black carbon mass concentration at the surfacelevel during four different campaigns, conducted in months of DecemberJanuary-2006-2007 (Campaign I), February-2007 (Campaign II),
January- 2008 (Campaign III) and November-2008 (Campaign IV) at a
high-altitude station, Sinhgad (18°22'N, 73°45'E, 1450 m AMSL) in the
Western Ghats of Indian Peninsula. Aerosol optical depth (AOD) measured
within the spectral range 440-1020 nm is found lower as compared to that
measured over a nearby urban station, Pune; but relatively higher than that
over other remote high-altitude stations in India. The columnar Angstrom
exponent derived within the 440-870 nm spectral range showed maximum
values close to 1 indicating relatively higher contribution from fine-mode
particles to aerosol size spectrum. Interestingly, this parameter shows lower
values when the total aerosol mass concentration exhibits higher values
during afternoon hours. Both columnar water vapor (CWV) and ozone
(TCO) exhibit lower values in the morning hours and higher in the
afternoon hours. The mass concentration of black carbon shows an
association with AOD during the study period over the station. The measured
surface aerosol particle number concentrations are used to reconstruct AOD
spectra using the Optical Properties of Aerosols and Clouds (OPAC)
software package and compared with simultaneously available columnar AOD
spectra.

Characterization of aerosols and pre-cursor gases over Maitri during
24th Indian Antarctica Expedition
P. C. S. DEVARA*, S. M. SONBAWNE, K. K. DANI, S. K. SAHA and P. ERNEST
RAJ
International Journal of Remote Sensing iFirst, 2011, 1–12
Within the framework of the 24th Indian Antarctica Expedition (IAE),
observations of total column aerosol optical depth (AOD), ozone (TCO)
and precipitable water content (TCW) using a multi-channel solarradiometer (MICROTOPS-II: Microprocessor-controlled Total Ozone Portable
Spectrometer-II), and observations of short-wave global radiative flux using
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a wide-band pyranometer have been carried out over the Indian Antarctica
station Maitri (70.76° S, 11.74° E) and the southern Indian Ocean during
December 2004–February 2005. These extensive datasets have been utilized
to investigate the aerosol optical, physical and radiative properties, and their
interface with simultaneously measured gases. Data over the Oceanic region
have been collected from the ship front deck. The daily mean AOD at a
characteristic wavelength of 500 nm was found to be 0.042 with an
average Angstrom coefficient of 0.24, revealing an abundance of coarsemode particles. Interestingly, the January fluxes were found to be less by
about 20% compared with those in February. The average short-wave direct
radiative forcing due to aerosols showed cooling at the surface with an
average value of −0.47 Wm−2. The TCO increased from about 252 DU
around 38° S to about 312 DU at 70° S, showing a gradual increase in
ozone with increasing latitude. The TCO measured by the surface- based
ozone monitor matched reasonably well with that observed by the Total
Ozone Mapping Spectrometer (TOMS) satellite sensor within 5%. Variability
in ozone on a daily scale during the study period was less than 4% over
the Antarctica region.

Natural reduction of CO2 observed in the pre-monsoon period at the
coastal station, Goa
R. Latha • B. S. Murthy
Meteorol Atmos Phys DOI 10.1007/s00703-011-0164-6
Measurements of carbon dioxide (CO2) concentration were made at a
coastal land station, Goa, on the west coast of India from March to June
2003 as part of the ARMEX (ARabian sea Monsoon Experiment)
campaign. The observations show a systematic reduction (∼120 mg m-3) of
CO2 concentration during the pre-monsoon months, March–May, during which
no significant change in anthropogenic emissions takes place. CO2 shoots up
from 520 to 635 mg m-3 in June with the onset of the South West
monsoon. Back trajectories show that the source of air mass gradually shifts
from the coastal land mass to the open southern Arabian Sea during the
pre-monsoon period. The observed reduction in CO2 is explained in terms of
earlier measurements in the Arabian Sea indicating maximum chlorophyll a
(Sarupria and Bhargava in J Mar Sci 27:292–297, 1998) and minimum
partial pressure of CO2 (Sarma in J Geophys Res 108:3225, 2003) in
the sea waters off the west coast of India during the pre-monsoon period,
cleaner marine air mass advection from the open sea, and negligible local
vertical CO2 flux.
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A possible new mechanism for northward propagation of boreal summer
intraseasonal oscillations based on TRMM and MERRA reanalysis
S. Abhik, M. Halder, P. Mukhopadhyay, X. Jiang, B. N. Goswami
Climate Dynamics, online, July 2012, DOI:10.1007/s00382-012-1425-x, 1-14
Boreal summer intraseasonal oscillations (BSISOs) manifest in the active
and break spells and act as the primary building block of the Indian
summer monsoon. Although recent research has evolved a basic framework
for understanding the scale selection and northward propagation of the
BSISO, the role of different hydrometeors in modulating these processes
remains poorly explored. In this study, TRMM-2A12 retrievals and Modern
Era Retrospective-analysis for Research and Applications reanalysis data are
examined to establish relationship between cloud hydrometeors and other
atmospheric dynamical parameters with the northward propagation of the
BSISOs. The study reveals that the cloud liquid water leads the deep
convection during the northward propagation of BSISOs in the lower
troposphere, while the cloud ice slightly lags the convection. This distribution
indicates the occurrence of a possible mechanism of the lower level
moistening through the large scale moisture advection in lower atmosphere
and boundary layer (PBL) convergence, followed by triggering of the deep
convection. The analyses of moisture advection and the dynamical ﬁelds with
respect to the convection center show that low level moistening is a
manifestation of the barotropic vorticity and PBL convergence of moisture
anomaly north of the convection center. A new internal dynamicalthermodynamical mechanism is unraveled to understand the reason behind
the middle tropospheric heating maximum and its role on the northward
propagation. It is shown that the enhanced moisture perturbation in lower
levels together with the heat transport by the sub-grid scale eddies within
the PBL induces lower level instability required to precondition the lower
atmosphere for triggering the deep convection. Vigorous upward motion inside
the deep convection uplifts the liquid hydrometeors to upper levels and the
formation of precipitable ice leads to the heating maxima in the middle
troposphere. To check the robustness of the proposed hypothesis, similar
analysis is performed for the weak northward propagating BSISO cases.

Evidence of seasonal enhancement of CO in the upper troposphere
over India
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S. FADNAVIS*, P. BUCHUNDE, SACHIN D. GHUDE, S. H. KULKARNI and G.
BEIG
International Journal of Remote Sensing iFirst, 2011, 1–12
The vertical profiles of carbon monoxide (CO) mixing ratios retrieved from
the Earth Observing System (EOS), Microwave Limb Sounder (MLS)
onboard the Aura satellite for the period 2005–2009 and the EOS
Tropospheric Emission Spectrometer (TES) onboard Aura for the period
2006–2007 were used to examine the evolution of pollutant CO in the
upper troposphere (UT) over India. The Model for OZone And Related
chemical Tracers version 2 (MOZART-2) was used to examine the
seasonal transport of CO in the UT. The satellite observations revealed
vertical transport of CO (80–90 ppb) from the surface to the UT during
the summer monsoon season. The regular feature of enhancement of CO in
the UT over India is presented. The results obtained by the MOZART-2
simulations (for the years 2000–2005) agree with the observations and
indicate transport of boundary layer CO to the tropopause during the
monsoon season. The observed enhanced CO mixing ratios in the UT are
explained by processes involving monsoon convection.

Observation-based 3-D view of aerosol radiative properties over
Indian Continental Tropical Convergence Zone: implications to
regional climate
J. JAI DEVI1, S. N. TRIPATHI1*, TARUN GUPTA1, B. N. SINGH1, V.
GOPALAKRISHNAN2 and SAGNIK DEY3,
Tellus (2011), 63B, 971–989
Spatial and vertical distributions of aerosol radiative properties over Indian
Continental Tropical Convergence Zone (CTCZ) up to 6 km altitude during
the pre-monsoon and monsoon seasons of 2008 have been measured and
reported for the first time. Inter-seasonal and intra-seasonal comparisons of
different aerosol properties below and above the boundary layer are carried
out in and among different regions of CTCZ. During pre-monsoon, aerosol
layers were found to be present up to altitude as high as 6 km over the
Indo-Gangetic Plains and Himalayan foothills. A large increase in absorption
coefficients (by two to five times) near the Himalayan foothills and coastal
India than the background values may be attributed to extensive biomass
burning as supported by fire counts data. During monsoon, the aerosols
were mostly confined to lower troposphere. However, absorbing aerosols were
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found to rebuild much faster than scattering aerosols after rains. Heating
rates were very high over urban city of Bareilly peaking around 2 km during
the pre-monsoon. The HR values over urban Kanpur during monsoon were
comparable to Bareilly during pre-monsoon. Negligible latitudinal gradient of
heating rate from the Himalayan foothill to central India was observed during
both the seasons.

Contribution of anthropogenic aerosols in direct radiative forcing and
atmospheric heating rate over Delhi in the Indo-Gangetic Basin
Atul K. Srivastava · Sachchidanand Singh · S. Tiwari · D. S. Bisht
Environ Sci Pollut Res DOI 10.1007/s11356-011-0633-y
Introduction The present work is aimed to understand direct radiation effects
due to aerosols over Delhi in the Indo-Gangetic Basin (IGB) region, using
detailed chemical analysis of surface measured aerosols during the year
2007. Methods An optically equivalent aerosol model was formulated on the
basis of measured aerosol chemical compositions along with the ambient
meteorological parameters to derive radiatively important aerosol optical
parameters. The derived aerosol parameters were then used to estimate the
aerosol direct radiative forcing at the top of the atmosphere, surface, and in
the atmosphere. Results The anthropogenic components measured at Delhi
were found to be contributing ∼72% to the composite aerosol optical depth
(AOD0.5 ∼0.84). The estimated mean surface and atmospheric forcing for
composite aerosols over Delhi were found to be about −69, −85, and
−78 W m−2 and about +78, +98, and +79 Wm−2 during the winter,
summer, and post-monsoon periods, respectively. The anthropogenic aerosols
contribute ∼90%, 53%, and 84% to the total aerosol surface forcing and
∼93%, 54%, and 88% to the total aerosol atmospheric forcing during the
above respective periods. The mean (±SD) surface and atmospheric forcing
for composite aerosols was about −79 (±15) and +87 (±26)W m−2 over
Delhi with respective anthropogenic contributions of ∼71% and 75% during
the overall period of observation. Conclusions Aerosol induced large surface
cooling, which was relatively higher during summer as compared to the
winter suggesting an increase in dust loading over the station. The total
atmospheric heating rate at Delhi averaged during the observation was found
to be 2.42± 0.72 Kday−1, of which the anthropogenic fraction contributed as
much as ∼73%.
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Regional CO pollution over the Indian-subcontinent and various
transport pathways as observed by MOPITT
SACHIN D. GHUDE, G. BEIG, PAVAN S. KULKARNI, VIJAY P. KANAWADE,
SUVARNA FADNAVIS, JOHN J. REMEDIOS and S.H. KULKARNI
International Journal of Remote Sensing iFirst, 2011, 1–16
We used day-side Measurement of Pollution in the Troposphere (MOPITT)
carbon monoxide (CO) retrievals (2000–2007) to examine the regional
CO emission and its transport pathways during the summer/winter monsoon,
with a specific focus on the Indian-subcontinent. It is observed that MOPITT
CO retrievals at 850 hPa level in general show large scale features of CO
emission in India, as reflected in the bottom-up inventory. In particular, high
CO mixing ratios over the eastern north-eastern part of India, along the
Indo-Gangetic (IG) region, and low CO mixing ratios over central India are
generally captured from the MOPITT data. A strong plume with enhanced
CO mixing ratios at 350 hPa is observed during the summer monsoon,
demonstrating large scale vertical transport of the boundary layer CO from
the Indian region into the upper troposphere. During winter outflow CO from
the Indian region is found to be transported over the Arabian Sea and Bay
of Bengal and reaches up to Saudi Arabia and north-eastern Africa. It is
observed that emissions from Southeast Asia and the eastern north-eastern
Indian region have the greatest impact over the Bay of Bengal and the
eastern Indian Ocean, while emissions from the rest of India dominate over
the Arabian Sea and the western Indian Ocean.

Pre-monsoon aerosol characteristics over the Indo-Gangetic Basin:
implications to climatic impact
K. Srivastava, S. Tiwari, P. C. S. Devara, D. S. Bisht, Manoj K. Srivastava,
S. N. Tripathi, P. Goloub, and B. N. Holben
Ann. Geophys., 29, 789–804, 2011
Sun/sky radiometer observations over the Indo- Gangetic Basin (IGB)
region during pre-monsoon (from April–June 2009) have been processed to
analyze various aerosol characteristics in the central and eastern IGB region,
represented by Kanpur and Gandhi College, respectively, and their impacts
on climate in terms of radiative forcing. Monthly mean aerosol optical depth
(AOD at 500 nm) and corresponding Angstrom Exponent (AE at 440–870
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nm, given within the brackets) was observed to be about 0.50 (0.49)
and 0.51 (0.65) in April, 0.65 (0.74) and 0.67 (0.91) in May and
0.69 (0.45) and 0.77 (0.71) in June at Kanpur and Gandhi College,
respectively. Results show a positive gradient in AOD and AE from central
to eastern IGB region with the advancement of the pre-monsoon, which may
be caused due to diverse geographical location of the stations having
different meteorological conditions and emission sources. Relatively lower SSA
was observed at the eastern IGB (0.89) than the central IGB (0.92)
region during the period, which suggests relative dominance of absorbing
aerosols at the eastern IGB as compared to central IGB region. The
absorbing aerosol optical properties over the station suggest that the
atmospheric absorption over central IGB region is mainly due to dominance
of coarse-mode dust particles; however, absorption over eastern IGB region
is mainly due to dominance of fine-particle pollution. The derived properties
from sun/sky radiometer during pre-monsoon period are used in a radiativetransfer model to estimate aerosol radiative forcing at the top-of-the
atmosphere (TOA) and at the surface over the IGB region. Relatively large
TOA and surface cooling was observed at the eastern IGB as compared to
the cen-tral IGB region. This translates into large heating of the atmosphere
ranging from 0.45 to 0.55Kday−1 at Kanpur and from 0.45 to
0.59Kday−1 at Gandhi College.

Carbonaceous species in PM2.5 at a pair of rural/urban sites in Beijing,
2005–2008
F. Yang, L. Huang, F. Duan, W. Zhang, K. He, Y. Ma, J. R. Brook, J. Tan1, Q.
Zhao, and Y. Cheng
Source: A Atmos. Chem. Phys., 11, 7893-7903, 2011 www.atmos-chemphys.net/11/7893/2011/ doi:10.5194/acp-11-7893-2011
One-week integrated PM2.5 samples were collected over four years (2005–
2008) at a pair of sites, one rural and one urban site, in the area of
Beijing, China. Weekly organic and elemental carbon (OC and EC)
concentrations from these samples were measured to investigate their
atmospheric concentrations, temporal variation patterns and the factors
influencing these aspects. A slightly systematic decrease in annual mean
concentration of OC and an opposite trend for EC at both sites was
observed. Since OC accounted for about 70 % of total carbon (TC, i.e.
OC + EC) the total carbonaceous mass experienced a slight decline on a
yearly basis over the study period. Its fraction of PM2.5 mass at the urban
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site in 2008 was significantly lower than observed 10 years earlier (1999),
indicating that the relative importance of carbonaceous species in PM2.5 has
decreased. In urban Beijing clear seasonal variations (by factors of 1.35 ~
3.0) were shown in both OC and EC with higher weekly concentrations
and fluctuations in winter and much lower values in summer and spring. The
minimum seasonal urban excesses of OC (3.0 μg m−3) and EC (1.3 μg
m−3) occurred in the summer of 2008, which were only one-ninth and
one-seventh of their corresponding maximum values, respectively. This
reduction in the urban-difference, coupled with more positive stable carbon
isotope values of EC at the urban site in that summer relative to the
preceding summers, supports that the special clean air campaign for the
2008 Summer Olympic Games very likely had noticeable impact on the
ambient concentrations of carbonaceous aerosols in the Beijing area,
particularly on the local urban scale. Less consistent seasonal patterns in
OC and EC, their scattered correlation, and higher mass ratios of OC to
EC (OC/EC) at the rural site indicate more complex and variable major
sources regarding aerosol formation in the rural area. These emission
sources include biomass burning during the harvest seasons, widely used
high-polluting family stoves and small boilers for cooking and heating with
high OC/EC ratios, and a greater relative quantity of secondary organic
aerosols.tern and southern China at a higher level. The two inversions in
the upper troposphere are associated with extratropical tropopause and
tropical tropopause, respectively. The extratropical tropopause generally occurs
in higher latitude and rarely occurs in lower latitude over China, with higher
frequencies in winter and spring and a lower frequency in summer. The
tropical tropopause varies little with season or latitude, neither does the
associated inversion. Only ~ 35% of the extratropical tropopause samples
are accompanied by temperature inversion, while nearly 100% of the tropical
tropopause samples are accompanied by inversion. The tropical-tropopause
inversion is a temperature inflection from troposphere to stratosphere. The
mechanism of the extratropical-tropopause inversion needs further study.

Anthropogenic sulfur dioxide emissions: 1850–2005
S. J. Smith, J. van Aardenne, Z. Klimont, R. J. Andres, A. Volke, and S. Delgado
Arias
Source: Atmos. Chem. Phys., 11, 1101-1116, 2011 www.atmos-chemphys.net/11/1101/2011/ doi:10.5194/acp-11-1101-2011
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Sulfur aerosols impact human health, ecosystems, agriculture, and global and
regional climate. A new annual estimate of anthropogenic global and regional
sulfur dioxide emissions has been constructed spanning the period 1850–
2005 using a bottom-up mass balance method, calibrated to country-level
inventory data. Global emissions peaked in the early 1970s and decreased
until 2000, with an increase in recent years due to increased emissions in
China, international shipping, and developing countries in general. An
uncertainty analysis was conducted including both random and systemic
uncertainties. The overall global uncertainty in sulfur dioxide emissions is
relatively small, but regional uncertainties ranged up to 30%. The largest
contributors to uncertainty at present are emissions from China and
international shipping. Emissions were distributed on a 0.5° grid by sector
for use in coordinated climate model experiments.

Characterization of PM2.5-bound nitrated and oxygenated PAHs in two
industrial sites of South China
Shilong Weia, b,, Bo Huanga, Ming Liua, b, Xinhui Bia,, Zhaofang Rena,
Guoying Shenga, Jiamo Fua
Source: Atmospheric Research Volumes 109–110, June 2012, Pages 76–83
Daytime and nighttime PM2.5 samples were collected between August 5 and
16, 2009 and between January 24 and February 4, 2010 in an industrial
complex site (site A) and an e-waste recycling site (site B) to determine
the seasonal and diurnal variations of nitrated (nitro-) and oxygenated
(oxy-)
polycyclic
aromatic
hydrocarbons
(PAHs)
with
gas
chromatography/mass spectrometry (GC/MS). The two sites show similar
composition for nitro- and oxy-PAHs although the composition of parent
PAHs was quite different. 3 + 2-Nitrofluoranthene (3 + 2NFL) was the
most abundant nitro-PAH, while 9,10-anthraquinone (Anquin), benzanthrone
(Bzone) and 6H-benzo[cd]pyrene-6-one (Bpone) were the three major
oxy-PAHs species. The concentrations of Σnitro-PAHs and Σoxy-PAHs were
about 2–3 orders of magnitude lower than those of Σparent PAHs. Most of
the nitro- and oxy-PAHs show notable seasonal variation. 7Nitrobenz[a]anthracene (7NBaA), Bzone and benzo[a]anthrancene-7,12dione (Bzdion) demonstrated a pronounced diurnal variation. The occurrence
of nitro- and oxy-PAHs in the two sites can be accounted by direct
emission and atmospheric secondary formation.
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Spatial distributions and seasonal cycles of aerosols in India and China
seen in global climate-aerosol model
S. V. Henriksson, A. Laaksonen1, V.-M. Kerminen, P. Räisänen, H. Järvinen1,
A.-M. Sundström, and G. de Leeuw
Source: Atmos. Chem. Phys., 11, 7975-7990, 2011 www.atmos-chemphys.net/11/7975/2011/ doi:10.5194/acp-11-7975-2011
A climate-aerosol model is employed to study spatial and temporal variability
of aerosol properties over India and China for recent (year 2006) and
future conditions (year 2020) under different emission pathways. We
present results for aerosol mass concentration in different size classes and
optical properties for the five different aerosol species treated by the model.
Aerosol mass concentration and optical depth have significant contributions
from both anthropogenic and natural aerosols. Different species have maxima
in different regions, with the highest anthropogenic aerosol concentrations
found in Kolkata and elsewhere in the Ganges basin in India and on the
northern part of the east coast and in the Sichuan basin in China. In India,
natural aerosols have a maximum in the summer due to higher wind
speeds, whereas anthropogenic aerosols have a maximum in the winter due
to less efficient wet removal. Surface concentrations also tend to be higher
in winter due to the additional reason of lower average boundary layer
height. In China, seasonal cycles are weaker with natural aerosols having a
maximum in the spring and sulfate contribution to the aerosol optical depth
(AOD) being higher in the latter half of the year. MODIS AOD spatial
distributions are reproduced well by the model, except for the Ganges valley
with high absorption and for the Thar desert with high dust concentrations.
Seasonal cycles compare qualitatively well with MODIS measurements.

Characterisation of individual aerosol particles collected during a haze
episode in Incheon, Korea using the quantitative ED-EPMA technique
H. Geng, J. Y. Ryu, S. Maskey, H.-J. Jung, and C.-U. Ro
Source: Atmos. Chem. Phys., 11, 1327-1337, 2011 www.atmos-chemphys.net/11/1327/2011/ doi:10.5194/acp-11-1327-2011
A quantitative energy-dispersive electron probe X-ray microanalysis (EDEPMA), called low-Z particle EPMA, was used to analyse individual aerosol
particles collected in Incheon, Korea on 13–18 October 2008 (a typical
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haze episode occurred from 15 to 18 October). Overall 3600 individual
particles in PM2.5-10 and PM1.0-2.5 fractions from 12 aerosol samples
collected on haze and non-haze days were analysed. The analysed particles
were classified, based on their X-ray spectral data together with their
secondary electron images. The major particle types included organic carbon
(OC), elemental carbon (EC), sea-salt, mineral dust (such as
aluminosilicate, SiO2, CaCO3/CaMgCO3, etc.), (NH4)2SO4/NH4HSO4containing, K-containing, Fe-rich and fly ash particles. Their relative number
abundance results showed that OC particles were significantly increased while
sea-salts and mineral dust particles were significantly decreased (especially
in PM1.0-2.5 fraction) when haze occurred. For the other particle types
(except Fe-rich particles in PM2.5-10 fraction), there were no significant
differences in their relative abundances between haze and non-haze
samples. On non-haze days, the nitrate-containing reacted sea-salt and
mineral dust particles in PM1.0-2.5 fraction significantly outnumbered the
sulfate-containing ones, whereas it was the reverse on haze days, implying
that on haze days there were special sources or formation mechanisms for
fine aerosol particles (≤2.5 μm in aerodynamic diameter). The emission of
air pollutants from motor vehicles and stagnant meteorological conditions,
such as low wind speed and high relative humidity, might be responsible for
the elevated level of OC particles on haze days.

Characteristics, seasonality and sources of carbonaceous and ionic
components in the tropical aerosols from Indian region
C. M. Pavuluri, K. Kawamura, S. G. Aggarwal, and T. Swaminathan
Source: Atmos. Chem. Phys., 11, 8215-8230, 2011 www.atmos-chemphys.net/11/8215/2011/ doi:10.5194/acp-11-8215-2011
To better characterize the tropical aerosols in Indian region, PM10 samples
collected from Chennai, India (13.04° N; 80.17° E) were analyzed for
carbonaceous and water-soluble ionic components. Concentration ranges of
elemental carbon (EC) and organic carbon (OC) were 2.4–14 μg m−3
(ave. 6.5 μg m−3) and 3.2–15.6 μg m−3 (ave. 9.1 μg m−3) in winter
samples whereas they were 1.1–2.5 μg m−3 (ave. 1.6 μg m−3) and 4.1–
17.6 μg m−3 (ave. 9.7 μg m−3) in summer samples, respectively.
Concentration of secondary organic carbon (SOC) retrieved from EC-tracer
method was 4.6±2.8 μg m−3 in winter and 4.3±2.8 μg m−3 in summer.
OC accounted for 38.5±14 % (n = 49) of combined concentrations of
carbonaceous and ionic components in PM10. We also found that OC
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concentrations are generally higher than those of SO42− (8.8±2.5 μg m−3
and 4.1±2.7 μg m−3 in winter and summer, respectively), which was the
most abundant ionic species (57 %) followed by NH4+ (15 %)
>NO3−>Cl−>K+>Na+> Ca2+>MSA−>Mg2+. The mass fractions of EC,
organic matter (OM) and ionic species varied seasonally, following the air
mass trajectories and corresponding source strength. Based on mass
concentration ratios of selected components and relations of EC and OC to
marker species, we found that biofuel/biomass burning is a major source of
atmospheric aerosols in South and Southeast Asia. The high concentrations
of SOC and WSOC/OC ratios (ave. 0.45; n = 49) as well as good
correlations between SOC and WSOC suggest that the secondary production
of organic aerosols during long-range atmospheric transport is also significant
in this region. This study provides the baseline data of carbonaceous
aerosols for southern part of the Indian subcontinent.

Ozone production in remote oceanic and industrial areas derived from
ship based measurements of peroxy radicals during TexAQS 2006
R. Sommariva1, S. S. Brown, J. M. Roberts, D. M. Brookes, A. E. Parker, P. S.
Monks, T. S. Bates, D. Bon, J. A. de Gouw1, G. J. Frost, J. B. Gilman, P. D.
Goldan, S. C. Herndon, W. C. Kuster, B. M. Lerner, H. D. Osthoff1, S. C. Tucker,
C. Warneke1, E. J. Williams, and M. S. Zahniser
Source: Atmos. Chem. Phys., 11, 2471-2485, 2011 www.atmos-chemphys.net/11/2471/2011/ doi:10.5194/acp-11-2471-2011
During the Texas Air Quality Study II (TexAQS 2006) campaign, a PEroxy
Radical Chemical Amplifier (PERCA) was deployed on the NOAA research
vessel R/V Brown to measure total peroxy radicals (HO2+Σ RO2). Daytime mixing ratios of HO2+Σ RO2 between 25 and 110 ppt were observed
throughout the study area – the Houston/Galveston region and the Gulf
coast of the US – and analyzed in relation to measurements of nitrogen
oxides, volatile organic compounds (VOC) and photolysis rates to assess
radical sources and sinks in the region. The measurements of HO2+Σ RO2
were used to calculate the in-situ net photochemical formation of ozone.
Measured median values ranged from 0.6 ppb/h in clean oceanic air
masses up to several tens of ppb/h in the most polluted industrial areas.
The results are consistent with previous studies and generally agree with
observations made during the previous TexAQS 2000 field campaign. The
net photochemical ozone formation rates determined at Barbours Cut, a site
immediately south of the Houston Ship Channel, were analyzed in relation to
182

local wind direction and VOC reactivity to understand the relationship between
ozone formation and local VOC emissions. The measurements of HO2+Σ
RO2 made during the R/V Brown TexAQS 2006 cruise indicate that ozone
formation is NOx-limited in the Houston/Galveston region and influenced by
highly reactive hydrocarbons, especially alkenes from urban and industrial
sources and their photo-oxidation products, such as formaldehyde.

Characterization of submicron aerosols at a rural site in Pearl River
Delta of China using an Aerodyne High-Resolution Aerosol Mass
Spectrometer
X.-F. Huang, L.-Y. He, M. Hu, M. R. Canagaratna, J. H. Kroll, N. L. Ng, Y.-H.
Zhang, Y. Lin, L. Xue, T.-L. Sun, X.-G. Liu, M. Shao, J. T. Jayne, and D. R.
Worsnop
Source: Atmos. Chem. Phys., 11, 1865-1877, 2011 www.atmos-chemphys.net/11/1865/2011/ doi:10.5194/acp-11-1865-2011
The Pearl River Delta (PRD) region in South China is one of the most
economically developed regions in China, but it is also noted for its severe
air pollution due to industrial/metropolitan emissions. In order to continuously
improve the understanding and quantification of air pollution in this region, an
intensive campaign was executed in PRD during October–November 2008.
Here, we report and analyze Aerodyne High-Resolution Aerosol Mass
Spectrometer measurements at Kaiping, a rural site downwind of the highlypolluted central PRD area, to characterize the general features of submicron
particulate pollution in the regional air. The mean measured PMsub>1 mass
concentration was 33.1±18.1 μg m−3 during the campaign and composed of
organic matter (33.8%), sulfate (33.7%), ammonium (14.0%), nitrate
(10.7%), black carbon (6.7%), and chloride (1.1%), which is
characterized by high fractions of inorganic ions due to huge emissions of
SO2 and NOx in PRD. The average size distributions of the species
(except BC) were all dominated by an accumulation mode peaking at
~450 nm in vacuum aerodynamic diameter. Calculations based on highresolution organic mass spectra indicate that C, H, O, and N on average
contributed 56.6, 7.0, 35.1, and 1.3% to the total organic mass,
respectively, corresponding to an organic matter mass to organic carbon
mass ratio (OM/OC) of 1.77±0.08. Based on the high-resolution organic
mass spectral dataset observed, Positive Matrix Factorization (PMF) analysis
differentiated the organic aerosol into three components, i.e., biomass burning
(BBOA) and two oxygenated (LV-OOA and SV-OOA) organic aerosols,
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which on average accounted for 24.5, 39.6 and 35.8% of the total organic
mass, respectively. The BBOA showed strong features of biomass burning
emissions and has been mainly attributed to the open field burning of crop
residues after the harvest in PRD rural areas. The LV-OOA and SV-OOA
were found to correspond to more aged (and thus less-volatile) and
fresher (and semi-volatile) secondary organic aerosol (SOA), respectively.
Analysis of meteorological influence supported that regional transport from the
central PRD area was the major origin of the PM1 observed at the Kaiping
site.

Free tropospheric peroxyacetyl nitrate (PAN) and ozone at Mount
Bachelor: potential causes of variability and timescale for trend
detection
E. V. Fischer, D. A. Jaffe, and E. C. Weatherhead
Source: Atmos. Chem. Phys., 11, 5641-5654, 2011 www.atmos-chemphys.net/11/5641/2011/ doi:10.5194/acp-11-5641-2011
We report on the first multi-year springtime measurements of PAN in the
free troposphere over the US Pacific Northwest. The measurements were
made at the summit of Mount Bachelor (43.979° N, 121.687° W; 2.7 km
a.s.l.) by gas chromatography with electron capture detector during spring
2008, 2009 and 2010. This dataset provides an observational estimate of
the month-to-month and springtime interannual variability of PAN mixing
ratios in this region. Springtime seasonal mean (1 April–20 May) PAN
mixing ratios at Mount Bachelor varied from 100 pptv to 152 pptv. The
standard deviation of the three seasonal means was 28 pptv, 21 % of the
springtime mean. We summarize the interannual variability in three factors
expected to drive PAN variability: biomass burning, transport efficiency over
the central and eastern Pacific, and transport temperature. Zhang et al.
(2008) used the GEOS-Chem global chemical transport model to show
that rising Asian NOx emissions from 2000 to 2006 resulted in a relatively
larger positive trend in PAN than O3 over western North America. However
the model results only considered monotonic changes in Asian emissions,
whereas other factors, such as biomass burning, isoprene emissions or
climate change can induce greater variability in the atmospheric concentrations
and thus extend the time needed for trend detection. We combined the
observed variability in PAN and O3 at Mount Bachelor with a range of
possible future trends in these species to determine the observational
requirements to detect such trends. Though the relative increase in PAN is
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expected to be larger than that of O3, PAN is more variable. If PAN
mixing ratios are currently increasing at a rate of 4 % per year due to
rising Asian emissions, we would detect a trend with 13 years of
measurements at a site like Mount Bachelor. If the corresponding trend in
O3 is 1 % per year, the trends in O3 and PAN would be detected on
approximately the same timescale.

Atmospheric impacts of the 2010 Russian wildfires: integrating
modelling and measurements of an extreme air pollution episode in the
Moscow region
I. B. Konovalov, M. Beekmann, I. N. Kuznetsova, A. Yurova, and A. M.
Zvyagintsev
Source: Atmos. Chem. Phys., 11, 10031-10056, 2011 www.atmos-chemphys.net/11/10031/2011/ doi:10.5194/acp-11-10031-2011
W Numerous wildfires provoked by an unprecedented intensive heat wave
caused continuous episodes of extreme air pollution in several Russian cities
and densely populated regions, including the Moscow region. This paper
analyzes the evolution of the surface concentrations of CO, PM10 and ozone
over the Moscow region during the 2010 heat wave by integrating available
ground based and satellite measurements with results of a mesoscale model.
The CHIMERE chemistry transport model is used and modified to include the
wildfire emissions of primary pollutants and the shielding effect of smoke
aerosols on photolysis. The wildfire emissions are derived from satellite
measurements of the fire radiative power and are optimized by assimilating
data of ground measurements of carbon monoxide (CO) and particulate
matter (PM10) into the model. It is demonstrated that the optimized
simulations reproduce independent observations, which were withheld during
the optimisation procedure, quite adequately (specifically, the correlation
coefficient of daily time series of CO and PM10 exceeds 0.8) and that
inclusion of the fire emissions into the model significantly improves its
performance. The model results show that wildfires are the principal factor
causing the observed air pollution episode associated with the extremely high
levels of daily mean CO and PM10 concentrations (up to 10 mg m−3 and
700 μg m−3 in the averages over available monitoring sites, respectively),
although accumulation of anthropogenic pollution was also favoured by a
stagnant meteorological situation. Indeed, ozone concentrations were simulated
to be episodically very large (>400 μg m−3) even when fire emissions
were omitted in the model. It was found that fire emissions increased ozone
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production by providing precursors for ozone formation (mainly VOC), but
also inhibited the photochemistry by absorbing and scattering solar radiation.
In contrast, diagnostic model runs indicate that ozone concentrations could
reach very high values even without fire emissions which provide "fuel" for
ozone formation, but, at the same time, inhibit it as a result of absorption
and scattering of solar radiation by smoke aerosols. A comparison of
MOPITT CO measurements and corresponding simulations indicates that the
observed episodes of extreme air pollution in Moscow were only a part of a
very strong perturbation of the atmospheric composition, caused by wildfires,
over European Russia. It is estimated that 2010 fires in this region emitted
~10 Tg CO, thus more than 85% of the total annual anthropogenic CO
emissions. About 30% of total CO fire emissions in European Russia are
identified as emissions from peat fires.

Sources of carbonaceous aerosol in the Amazon basin
JS. Gilardoni, E. Vignati, E. Marmer, F. Cavalli, C. Belis, V. Gianelle, A.
Loureiro, and P. Artaxo
Source: Atmos. Chem. Phys., 11, 2747-2764, 2011 www.atmos-chemphys.net/11/2747/2011/ doi:10.5194/acp-11-2747-2011
The quantification of sources of carbonaceous aerosol is important to
understand their atmospheric concentrations and regulating processes and to
study possible effects on climate and air quality, in addition to develop
mitigation strategies. In the framework of the European Integrated Project on
Aerosol Cloud Climate Interactions (EUCAARI) fine (Dp < 2.5 μm) and
coarse (2.5 μm < Dp <10 μm) aerosol particles were sampled from
February to June (wet season) and from August to September (dry
season) 2008 in the central Amazon basin. The mass of fine particles
averaged 2.4 μg m−3 during the wet season and 4.2 μg m−3 during the
dry season. The average coarse aerosol mass concentration during wet and
dry periods was 7.9 and 7.6 μg m−3, respectively. The overall chemical
composition of fine and coarse mass did not show any seasonality with the
largest fraction of fine and coarse aerosol mass explained by organic carbon
(OC); the average OC to mass ratio was 0.4 and 0.6 in fine and coarse
aerosol modes, respectively. The mass absorbing cross section of soot was
determined by comparison of elemental carbon and light absorption coefficient
measurements and it was equal to 4.7 m2 g−1 at 637 nm. Carbon aerosol
sources were identified by Positive Matrix Factorization (PMF) analysis of
thermograms: 44% of fine total carbon mass was assigned to biomass
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burning, 43% to secondary organic aerosol (SOA), and 13% to volatile
species that are difficult to apportion. In the coarse mode, primary biogenic
aerosol particles (PBAP) dominated the carbonaceous aerosol mass. The
results confirmed the importance of PBAP in forested areas. The source
apportionment results were employed to evaluate the ability of global
chemistry transport models to simulate carbonaceous aerosol sources in a
regional tropical background site. The comparison showed an overestimation
of elemental carbon (EC) by the TM5 model during the dry season and
OC both during the dry and wet periods. The overestimation was likely due
to the overestimation of biomass burning emission inventories and SOA
production over tropical areas.

Condensational uptake of semivolatile organic compounds in gasoline
engine exhaust onto pre-existing inorganic particles
M. M. Fry, M. D. Schwarzkopf, Z.Adelman, and J. J. West
Source: Atmos. Chem. Phys., 11, 10157-10171, 2011 www.atmos-chemphys.net/11/10157/2011/ doi:10.5194/acp-11-10157-2011
This paper presents the results of laboratory studies on the condensational
uptake of gaseous organic compounds in the exhaust of a light-duty
gasoline engine onto preexisting sulfate and nitrate seed particles. Significant
condensation of the gaseous organic compounds in the exhaust occurs onto
these inorganic particles on a time scale of 2–5 min. The amount of
condensed organic mass (COM) is proportional to the seed particle mass,
suggesting that the uptake is due to dissolution determined by the equilibrium
partitioning between gas phase and particles, not adsorption. The amount of
dissolution in unit seed mass, S, decreases as a power function with
increased dilution of the exhaust, ranging from 0.23 g g−1 at a dilution
ratio of 81, to 0.025 g g−1 at a dilution ratio of 2230. It increases
nonlinearly with increasing concentration of the total hydrocarbons in the gas
phase (THC), rising from 0.12 g g−1 to 0.26 g g−1 for a CTHC increase
of 1 to 18 μg m−3, suggesting that more organics are partitioned into the
particles at higher gas phase concentrations. In terms of gas-particle
partitioning, the condensational uptake of THC gases in gasoline engine
exhaust can account for up to 30% of the total gas + particle THC. The
organic mass spectrum of COM has the largest fragment at m/z 44, with
mass ratios of mass fragments 43/44 and 57/44 at 0.59 and 2.91, much
lower than those reported for gasoline engine primary organic aerosols. The
mass fragment 44/total organic mass ratio of 0.097 indicates that COM
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contains large oxygenated components. By incorporating the present findings,
regional air quality modelling results suggest that the condensational uptake
of THC onto sulfate particles alone can be comparable to the primary
particle mass under moderately polluted ambient conditions. These findings
are important for modelling and regulating the air quality impacts of gasoline
vehicular emissions.

Evaluation of source–receptor relationship for atmospheric pollutants
using approaches of trajectory modelling, cluster, probability fields
analyses and adjoint equations
L. Ran, C. S. Zhao, W. Y. Xu, X. Q. Lu, M. Han, W. L. Lin, P. Yan, X. B. Xu3, Z.
Z. Deng, N. Ma, P. F. Liu, J. Yu, W. D. Liang, and L. L. Chen
Source: Atmos. Chem. Phys., 11, 4657-4667, 2011 www.atmos-chemphys.net/11/4657/2011/ doi:10.5194/acp-11-4657-2011
Measurements of ozone and its precursors conducted within the HaChi
(Haze in China) project in summer 2009 were analyzed to characterize
volatile organic compounds (VOCs) and their effects on ozone
photochemical production at a suburban site in the North China Plain
(NCP). Ozone episodes, during which running 8-h average ozone
concentrations exceeding 80 ppbv lasted for more than 4 h, occurred on
about two thirds of the observational days during the 5-week field campaign.
This suggests continuous ozone exposure risks in this region in the summer.
Average concentrations of nitrogen oxides (NOx) and VOCs are about 20
ppbv and 650 ppbC, respectively. On average, total VOC reactivity is
dominated by anthropogenic VOCs. The contribution of biogenic VOCs to
total ozone-forming potential, however, is also considerable in the daytime.
Key species associated with ozone photochemical production are 2-butenes
(18 %), isoprene (15 %), trimethylbenzenes (11 %), xylenes (8.5 %),
3-methylhexane (6 %), n-hexane (5 %) and toluene (4.5 %).
Formation of ozone is found to be NOx-limited as indicated by measured
VOCs/NOx ratios and further confirmed by a sensitivity study using a
photochemical box model NCAR_MM. The Model simulation suggests that
ozone production is also sensitive to changes in VOC reactivity under the
NOx-limited regime, although this sensitivity depends strongly on how much
NOx is present.

Forecasting of air quality in Delhi using principal component regression
technique
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Anikender Kumar, Pramila Goyal
Source: Atmospheric Research Volume: 2 Issue: 4 Pages: 436-444 Published:
OCTOBER 2011
Over the past decade, an increasing interest has evolved by the public in
the day–to–day air quality conditions to which they are exposed. Driven by
the increasing awareness of the health aspects of air pollution exposure,
especially by most sensitive sub–populations such as children and the
elderly, short–term air pollution forecasts are being provided more and more
by local authorities. The Air Quality Index (AQI) is a number used by
governmental agencies to characterize the quality of the air at a given
location. AQI is used for local and regional air quality management in many
metropolitan cities of the world. The main objective of the present study is
to forecast short–term daily AQI through previous day’s AQI and
meteorological variables using principal component regression (PCR)
technique. This study has been made for four different seasons namely
summer, monsoon, post monsoon and winter. AQI was estimated for the
period of seven years from 2000–2006 at ITO (a busiest traffic
intersection) for criteria pollutants such as respirable suspended particulate
matter (RSPM), sulfur dioxide (SO2), nitrogen dioxide (NO2) and
suspended particulate matter (SPM) using a method of US Environmental
Protection Agency (USEPA), in which sub–index and breakpoint pollutant
concentration depends on Indian National Ambient Air Quality Standard
(NAAQS). The Principal components have been computed using covariance
of input data matrix. Only those components, having eigenvalues ≥ 1, were
used to predict the AQI using principal component regression technique. The
performance of PCR model, used for forecasting of AQI, was better in
winter than the other seasons as studied through statistical error analysis.
The values of normalized mean square error (NMSE) were found as
0.0058, 0.0082, 0.0241 and 0.0418 for winter, summer, post monsoon
and monsoon respectively. The other statistical parameters are also
supporting the same result. Keywords: Forecasting, Principal component
regression (PCR), Air quality index (AQI), Meteorological variables,
Pollutants.

Airborne asbestos fibres and mesothelioma in the last 20 years in
Egypt: a review
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Abdel Hameed A. Awad
Source: Atmospheric Research Volume: 2 Issue: 4 Pages: 445-451 Published:
OCTOBER 2011
Asbestos has been used in Egypt ever since 2000 – 3000 BC for
embalming the bodies of Egyptian pharaohs. Little data is available on
airborne asbestos fibre counts in the occupational and environmental settings.
Counts ranged between 0.0 – 2.7 f/cc and 0.007 – 3.0 f/cc inside and
outside various industrial workplace sites, respectively at Sigwart (El–Maasara
and Shoubra El–Kheima) companies in Cairo. Asbestos counts ranged
between 0.0244 – 0.1389 f/cc in the surrounding areas of the ORA–Egypt
company in the 10th of Ramadan City, which has been shut down since
2004. Malignant pleural mesothelioma (MPM) is becoming an increasing
problem in Egypt. MPM is related to the inhalation of asbestos fibres in low
counts and is incurable when diagnosed. According to official registry data,
most MPM cases were living close to asbestos production companies.
Mesothelioma incidence was analyzed and studied in the available data
during the period 1984–2005. Mesothelioma incidences increased from 159
cases during 1984 – 1999 to 733 cases during 2000 – 2005. The age of
the patients ranged between 17 to 90 years with a mean age of 54 years.
The survival age varied between 6 to 15 months with median survival was
approximately 1 year from diagnosis. Females represented ~39 % of the
cases and males represented ~60% with male to female ratio of ~1.7.
Keywords: Air, Asbestos, Mesothelioma, Workplace, Neighborhood.

Assessment of acid deposition over Dhaka division using CAMx–MM5
modeling system
Asif Iqbal, Nguyen Thi Kim Oanh
Source: Atmospheric Research Volume: 2 Issue: 4 Pages: 452-462 Published:
OCTOBER 2011
This study provided an insight into the complex phenomenon of acid
deposition over Dhaka division of Bangladesh. The 10– day HYSPLIT back
trajectories showed that majority of air masses arriving to Bangladesh were
originated from the west. The gridded emissions (0.055° or ~5.5 km) for
Dhaka division was prepared for 2006 by updating a preliminary emission
inventory (EI) available for 2000 and by conducting a new EI for two
major source categories, brick kilns and traffic. In Dhaka division as of
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2006, the brick kilns contributed the largest SO2 emission (about 70%),
while residential emissions had the highest share of CO and PM10 (over
60%) and substantial NMVOC (about 40%). Emission rates of SO2 and
NOx in the dry season of 355 t/d and 183 t/d, respectively, were higher
than the corresponding rates in the wet season of 60 t/d and 146 t/d,
which was mainly due to the operation of brick kilns in the dry season. The
acid deposition was simulated, using CAMx–MM5 model, for December and
June to represent the dry and wet seasons, respectively. Model performance
was reasonable considering the simulated spatial distribution of acid deposition
with simulated wind and precipitation fields. The model results for SO2 and
NOx concentrations were in the same ranges of the limited monitoring data
available. However, the acid deposition simulation was still largely
experimental due to the lack of acid deposition monitoring data for the
model evaluation. The preliminary acid deposition simulation results suggested
that the nitrogen wet deposition was the major contributor over the Dhaka
division that could be the reason of exceeding the critical load for the local
ecosystem. Further research is still required to refine the emission inventory
and to gather the monitoring data to confirm the modeling results. Keywords:
Emission inventory, Acid deposition, Dispersion modeling, Long range
transport, Bangladesh.

Impacts of future climate change and effects of biogenic emissions on
surface ozone and particulate matter concentrations in the United States
Y. F. Lam, J. S. Fu, S. Wu, and L. J. Mickley
Source: Atmos. Chem. Phys., 11, 4789-4806, 2011 www.atmos-chemphys.net/11/4789/2011/ doi:10.5194/acp-11-4789-2011
Simulations of present and future average regional ozone and PM2.5
concentrations over the United States were performed to investigate the
potential impacts of global climate change and emissions on regional air
quality using CMAQ. Various emissions and climate conditions with different
biogenic emissions and domain resolutions were implemented to study the
sensitivity of future air quality trends from the impacts of changing biogenic
emissions. A comparison of GEOS-Chem and CMAQ was performed to
investigate the effect of downscaling on the prediction of future air quality
trends. For ozone, the impacts of global climate change are relatively smaller
when compared to the impacts of anticipated future emissions reduction,
except for the Northeast area, where increasing biogenic emissions due to
climate change have stronger positive effects (increases) to the regional
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ozone air quality. The combination effect from both climate change and
emission reductions leads to approximately a 10 % or 5 ppbv decrease of
the maximum daily average eight-hour ozone (MDA8) over the Eastern
United States. For PM2.5, the impacts of global climate change have shown
insignificant effect, where as the impacts of anticipated future emissions
reduction account for the majority of overall PM2.5 reductions. The annual
average 24-h PM2.5 of the future-year condition was found to be about
40 % lower than the one from the present-year condition, of which 60 %
of its overall reductions are contributed to by the decrease of SO4 and
NO3 particulate matters. Changing the biogenic emissions model increases
the MDA8 ozone by about 5–10 % or 3–5 ppbv in the Northeast area.
Conversely, it reduces the annual average PM2.5 by 5 % or 1.0 μg m−3
in the Southeast region.

Emissions of isoprenoids and oxygenated biogenic volatile organic
compounds from a New England mixed forest
K. A. McKinney, B. H. Lee, A. Vasta, T. V. Pho, and J. W. Munger
Source: Atmos. Chem. Phys., 11, 4807-4831, 2011 www.atmos-chemphys.net/11/4807/2011/ doi:10.5194/acp-11-4807-2011
Fluxes of biogenic volatile organic compounds, including isoprene,
monoterpenes, and oxygenated VOCs measured above a mixed forest canopy
in central Massachusetts during the 2005 and 2007 growing seasons are
reported. Mixing ratios were measured using proton transfer reaction mass
spectrometry (PTR-MS) and fluxes computed by the disjunct eddy
covariance technique. Isoprene was by far the predominant BVOC emitted at
this site, with summer mid-day average fluxes of 5.3 and 4.4 mg m−2
hr−1 in 2005 and 2007, respectively. In comparison, mid-day average
fluxes of monoterpenes were 0.21 and 0.15 mg m−2 hr−1 in each of these
years. On short times scales (days), the diel pattern in emission rate
compared well with a standard emission algorithm for isoprene. The general
shape of the seasonal cycle and the observed decrease in isoprene emission
rate in early September was, however, not well captured by the model.
Monoterpene emission rates exhibited dependence on light as well as
temperature, as determined from the improved fit to the observations obtained
by including a light-dependent term in the model. The mid-day average flux
of methanol from the canopy was 0.14 mg m−2 hr−1 in 2005 and 0.19
mg m−2 hr−1 in 2007, but the maximum flux was observed in spring (29
May 2007), when the flux reached 1.0 mg m−2 hr−1. This observation is
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consistent with enhanced methanol production during leaf expansion. Summer
mid-day fluxes of acetone were 0.15 mg m−2 hr−1 during a short period in
2005, but only 0.03 mg m−2 h−1 averaged over 2007. Episodes of
negative fluxes of oxygenated VOCs, particularly acetone, were observed
periodically, especially in 2007. Thus, deposition within the canopy could
help explain the low season-averaged flux of acetone in 2007. Fluxes of
species of biogenic origin at mass-to-charge ($m/z$) ratios of 73 (0.05
mg m−2 hr−1 in 2005; 0.03 mg m−2 hr−1 in 2007) and 153 (5 μg
m−2 hr−1 in 2007), possibly corresponding to methyl ethyl ketone and an
oxygenated terpene or methyl salicylate, respectively, were also observed.

Source apportionment of particulate organic compounds in a rural area
of Spain by positive matrix factorization
Oscar Pindado, Rosa M. Perez
Source: Atmospheric Pollution Research (APR)Volume: 2 Issue: 4 Pages: 492505 Published: OCTOBER 2011
This study was conducted in order to identify possible sources and to
estimate their contribution to particulate matter in a rural area. For this
purpose, a commonly used receptor model, positive matrix factorization
(PMF), was applied to a PM2.5 data set collected in a rural area of
Madrid (Spain) between May 2004 and April 2005. A total of eighty nine
samples were gathered. Chemical composition of particulate matter including
major components, trace elements, total carbon, alkanes, PAHs, alcohols and
acids were analyzed to study sources of atmospheric aerosols using the
positive matrix factorization model. This work is characterized by including
some organic tracers within PMF analysis, through which we can get a more
accurate source apportionment. To our knowledge, this is the first work
employing organic tracers for source apportionment by PMF model in a rural
area of Spain. To assign PMF factor with a possible source, authors have
based on the presence of tracer species. PMF apportioned the PM2.5 mass
into nine factors. The factors included (1) even n–alcohols/acids factor,
(2) n–alkanes factor, (3) secondary nitrate factor, (4) secondary sulfate
factor, (5) secondary organic aerosol, (6) palmitic/stearic factor, (7)
PAHs factor, (8) crustal factor and (9) low molecular weight
alcohols/acids factor. Six of these factors are related to primary emissions
and three of them are categorized as secondary aerosol. PMF identified two
mixed sources, factor 6 identified as cooking /microbial source and factor 9
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identified as a mixed source. Keywords: Atmospheric
compounds, PM2.5, PMF, Source apportionment.

aerosol,

Organic

Chemical composition of fine particles in Mexico City during 2003–2004
Elizabeth Vega, Hugo Ruiz, Sergio Escalona, Alma Cervantes, Diego Lopez–
Veneroni, Eugenio Gonzalez–Avalos, Gabriela Sanchez–Reyna
Source: Atmospheric Pollution Research (APR) Volume: 2 Issue: 4 Pages: 477483 Published: OCTOBER 2011
Ambient samples of PM2.5 collected at three different land use sites
(industrial, commercial and residential) within Mexico City during late fall
and early spring in 2003 and 2004, were chemically characterized for water
soluble ionic species, carbonaceous aerosols and trace elements to further
determine their origin. The PM2.5 total mass concentration was consistently
lower during spring compared to late fall at the three sites. The total mass
concentration decreased from 45 ± 3 µg/m3 at the industrial site, through
36 ± 4 µg/m3 at the commercial site to 30 ± 2 µg/m3 at the residential
site. The largest component by mass was the organic fraction followed by
sulfates, elemental carbon, nitrates, geological material, trace elements and
salts. Carbonaceous aerosol accounted for 47% of the PM2.5 total mass,
(31% organic and 16% elemental carbon), suggesting an origin from
incomplete combustion processes and biomass burning among others. Zinc
and lead were related to open waste burning and incineration, and showed
an overall average of 0.28% and 0.09%, respectively. The concentrations of
nickel and vanadium, that are related to fossil fuel combustion, were lower
than 0.02%; these two elements were associated with sulfates. The results
show that Al, Cr, Ni, Pb and V have a clear seasonality with higher
concentrations in the late fall and lower in the early spring. The highest
concentrations of these elements were observed at the north of Mexico City
where most of the industrial activities take place. Keywords: PM2.5,
Chemical composition, Air pollution, Mexico City.

Preliminary mercury emission estimates from non–ferrous metal smelting
in India
Ragini Kumari
Source: Atmospheric Pollution Research (APR)Volume: 2 Issue: 4 Pages: 513519 Published: OCTOBER 2011
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Mercury (Hg), a potential contaminant to the environment is of global
concern because of its toxic nature, trans–boundary movement and its ability
to bio–accumulate and bio–magnify. Previous research showed that Hg based
chlor–alkali production, coal fired thermal power plants, traditional gold
mining, healthcare equipments, waste incineration, and some industrial
processes are the major sources of mercury release into environment.
Primary non–ferrous metal smelting is considered to be an important
anthropogenic Hg emission source in India, but data availability in this regard
is a limiting factor. The study thus attempts a preliminary estimation of Hg
emission range and creates an emission inventory from non–ferrous metal
smelting operations in India. The emission estimates are for the time period
2003 to 2007. Emission in the year 2003 has declined from 5.5 – 7.6
ton where it has increased to 15.5 – 22 ton in year 2007. Zn and Cu
smelting contributed maximum (80%) to the total emissions and the rest
(20%) was from lead (Pb) smelting. The range of Hg–emission per unit
area (g/km2) in the year 2007 was between 2.3 to 6.6 whereas the per
capita emission was found between 7 and 19 mg from non–ferrous metal
smelting industry in India. About 6 to 17 ton of elemental Hg (Hg0), went
into the global circulation in the year 2007 whereas mercuric (Hg2+)
emissions were in the range of 1.1 to 3.2 ton and the rest (3.8 to 10
tons) was in particulate–form (Hgp). Share of Hg2+ and Hgp in the total
Hg–emissions is very small and has impacts on regional to local level.
Keywords: Non–ferrous metal smelting, India, Mercury–emission, Lead,
Copper, Zinc.

Morbidity costs associated with ambient air pollution exposure in Sao
Paulo, Brazil
Ramon Arigoni Ortiz, Alistair Hunt, Ronaldo Seroa da Motta, Vivian MacKnight
Source: Volume: 2 Issue: 4 Pages: 520-529 Published: OCTOBER 2011
Atmospheric Pollution Research (APR)
In 2007 we conducted a contingent valuation survey in Sao Paulo, Brazil,
to estimate the population’s willingness–to–pay (WTP) to avoid one hospital
admission (HA) and one emergency–room visit (ER) due to respiratory
diseases in adults and children younger than 5 years old; and cardiovascular
diseases in adults only; both associated with atmospheric air pollution. Our
annual mean WTP estimates are €81.82 (adult) and €137.92 (child) for
HA; €48.40 (adult) and €90.66 (child) for ER due to respiratory
diseases; €53.57 (ER) and €90.08 (HA) for cardiovascular diseases. Our
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results suggest altruism towards children, and a strong income effect on
WTP. Results will help analysts evaluating the health benefits of specific
policies with potential air pollution impacts in Sao Paulo, Brazil. Keywords:
Air pollution, Morbidity, Willingness to pay.

Monitoring the transport of biomass burning emission in South America
Gabriel Pereira, Yosio E. Shimabukuro, Elisabete C. Moraes, Saulo R. Freitas,
Francielle S. Cardozo, Karla M. Longo
Source: Volume: 2 Issue: 3 Pages: 247-254 Published: JULY 2011
The main objective of this work is to use Fire Radiative Power (FRP) to
estimate particulate matter with diameter less than 2.5 μm (PM2.5) and
carbon monoxide (CO) emissions for the South America 2002 burning
season. Sixteen small–scale combustion experiments were performed near the
Laboratory of Radiometry (LARAD) at the National Institute for Space
Research (DSR/INPE) to obtain the coefficient that relates the biomass
consumption with the FRP released. The fire products MOD14/MYD14 from
the MODIS Terra/Aqua platforms and the Wildfire Automated Biomass
Burning Algorithm (WFABBA) on the Geostationary Operational Environmental
Satellite (GOES) were utilized to calculate the total amount of biomass
burned. This inventory is modeled in the Coupled Chemistry–Aerosol–Tracer
Transport model coupled to the Brazilian developments on the Regional
Atmospheric Modeling System (CCATT–BRAMS) and compared with data
collected in the Large Scale Biosphere–Atmosphere (LBA) Smoke, Aerosols,
Clouds, rainfall, and Climate (SMOCC) and Radiation, Cloud, and Climate
Interactions (RaCCI) Experiments. The relationship between the modeled
PM2.5 and CO shows a good agreement with SMOCC/RaCCI data in the
general pattern of temporal evolution. The results showed high correlations,
with values between 0.80 and 0.95 (significant at 0.05 level by student t–
test), for the CCATT–BRAMS simulations with PM2.5 and CO. Furthermore,
the slope analysis reveals an underestimation of emission values with
CCATT–BRAMS modeled values, 20–30% lower than observed data with
discrepancies mainly on days with large fires. However, the underestimation
is similar to the uncertainties in traditional emissions methods. Keywords:
Biomass burned coefficient, Aerosol and trace gases emission, Fire radiative
energy.

High–resolution pollutant transport in the San Pedro Bay of California
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Alexander Cohan, Jun Wu, Donald Dabdub
Source: Volume: 2 Issue: 3 Pages: 237-246 Published: JULY 2011 Atmospheric
Pollution Research (APR)
The combined sea port of Los Angeles and Long Beach in California
constitutes the second busiest port in the United States by shipping volume.
Communities near the ports face environmental justice concerns from a
variety of sources including roadway and port related activities. This study
examines the transport and diffusion of PM2.5 and NOX in port communities
using the high–resolution plume model AERMOD, incorporating surface and
aloft observed meteorology and local topography. Pollution impacts of
roadway related emissions, direct port activity of cargo handling equipment
and commercial shipping vessels are modeled for representative cold and hot
months in 2005. Predictions from roadway emissions are compared with the
same episode modeled with CALINE4 line dispersion model. Results show
high spatial variability as well as increased transport during cold months. In
addition, research also shows that while the port activity significantly impacts
in–port air pollution, the effects of port activity is limited to within 2–6 km
of the ports. Port adjacent communities are most sensitive to roadway
related emissions. AERMOD PM2.5 and NOX predictions show a peak
correlation coefficient of 43% and 50% compared with observations,
respectively. Keywords: AERMOD, PM2.5, NOX, Air pollution, Dispersion
modeling.

Indoor exploratory analysis of gaseous pollutants and respirable
particulate matter at residential homes of Delhi, India
Priyanka Kulshreshtha, Mukesh Khare
Source: Volume: 2 Issue: 3 Pages: 337-350 Published: JULY 2011 Atmospheric
Pollution Research (APR)
Biomass fuels are frequently used as a source of domestic energy in
developing countries that may cause indoor air pollution. This study presents
indoor and outdoor combustion pollutants (CO and NOx) and respirable
particulate matter–RSPM (PM10, PM2.5 and PM1.0) concentrations
measured during winter and summer seasons in 8 homes in Delhi, India.
CO2 concentrations have been used to measure the outdoor airflow rates.
This study further investigates variations in indoor/outdoor concentrations of
the pollutants as a result of various activities in commercial (Site I) and
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institutional areas (Site II). The institutional area has been considered as
the control site. Monitoring has been conducted at each site for 3 days in
a week in both summer and winter seasons to investigate the diurnal
variations of pollutant concentrations. Then, the I/O ratios have also been
estimated. The correlation analysis of indoor pollutant concentrations with
outdoor concentrations has been carried out. Winter/Summer (W/S) ratios
have also been calculated and a two tailed t–test has been used to
determine whether the winter and summer mean concentrations are
significantly higher. The I/O ratios for PM10, PM2.5 and PM1.0 at Site I
homes, in winter season, have been found to be 1.43±0.84, 2.72±1.94
and 3.21±2.39, respectively. I/O ratio for CO has been found to be
2.99±2.19 in winters at Site I. The linear regression analysis results have
revealed that usage of biomass fuels for cooking has increased the
concentrations of RSPM and CO indoors, considerably in winter. W/S ratios
for RSPM have also been found to be higher than 1.0 at almost all the
homes indicating that the concentration of RSPM is higher in winter season.
Regression analysis results indicated that the major sources for RSPM and
CO exist indoors and that is principally, cooking using the biomass as fuels
and also cleaning of homes manually, particularly at commercial site (NZM
site). The results of this study also suggest that the indoor RSPM
concentrations are mainly composed of the finer range of particles.

Seasonal and diurnal variations of atmospheric PAH concentrations
between rural, suburban and urban areas
Stephane Morville, Olivier Delhomme, Maurice Millet
Source: Volume: 2 Issue: 3 Pages: 366-373 Published: JULY 2011 Atmospheric
Pollution Research (APR)
Atmospheric sampling (gas and particle-phases) of 17 polycyclic aromatic
hydrocarbons (PAHs) were performed between 2002 and 2004 in
Strasbourg (east of France) and its vicinity. Sites were chosen to be
representative of urban (Strasbourg), suburban (Schiltigheim) and rural
(Erstein) conditions. Field campaigns were undertaken simultaneously in
urban/suburban and urban/rural sites during three seasons. Moreover, air
sampling has been performed in three 4–h time intervals per day (morning,
midday/afternoon, and evening) to assess the diurnal variations in PAH
concentrations. Mean total PAH concentrations were 92 ng m-3 for the rural
site, 127 ng m-3 for the urban site and 149 ng m-3 for the suburban
site. There is a significant difference in concentrations between the three
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sites, independently of the seasons considered. At the three sites, the most
abundant compounds determined were naphthalene followed by phenanthrene
and acenaphtene. Moreover, a variation between warm period (spring) and
cold period (autumn and winter) for the three sites was observed with
higher PAH concentrations during the cold periods. The diurnal variations of
PAH concentrations at the three sites, in warm period, have been observed
in accordance with the intensity of the vehicle traffic, with highest
concentrations during the morning and the evening. In cold period, there was
no difference in concentrations between these two time intervals of high
vehicle traffic in urban and suburban sites. It seems that the contribution of
domestic heating influenced the diurnal variations of some compounds,
especially in the rural site. Keywords: Polycyclic Aromatic Hydrocarbons,
Ambient air, Seasonal variation, Diurnal variation, Spatial variation.

Impact of CNG on emissions of PAHs and PCDDs/Fs from the road
transport in Delhi
Ragini Kumari, Arun K. Attri, Bhola R. Gurjar
Source: Volume: 2 Issue: 3 Pages: 394-399 Published: JULY 2011 Atmospheric
Pollution Research (APR)
In this paper we present the first estimates and inventory of polycyclic
aromatic hydrocarbon (PAH) emissions from mobile sources in megacity
Delhi, India for the period 1999–2006. The “COPERT 4” model was used
to estimate 23–species of PAHs and 5–congeners of polychlorinated dibenzo–
p–dioxins (PCDDs) and dibenzo–furans (PCDFs) from the gasoline, diesel,
and CNG (compressed natural gas) fuelled vehicles. Our study shows that
the total annual emissions of ∑23–PAHs from road transport has increased
4 times and emissions of Napthalene (Nap) emerged as the most
prominent (8 times), whereas a two-fold increase was seen for the
carcinogen
benzo[a]pyrene
(BaP)
and
benzo[a]pyrene
equivalence
(BaPeq) emissions between 1999 and 2006 from the road transport alone.
Further increase in total PCDDs and PCDFs by 3 times can made air
quality even worse. Estimated emission share of low molecular weight PAHs
(2–ring) has increased (from 43%–85%), whereas vice–versa for ones
with high molecular weights. Switch–over to CNG especially for public
transport resulted into an offset of 21% emissions of ∑23–PAHs, 14% in
BaP, and 15% in BaPeq for the year 2006. It is also observed that the
PAH emissions from CNG fuelled vehicles have decreased, but overall
increase in the share of private vehicles (1.5 times) has outweighed this
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benefit. Keywords: PAHs, B(a)P equivalent, PCDDs/Fs, Congeners, Road
transport emission inventory, Megacity–Delhi.

Anomalous low tropospheric column ozone over Eastern India during
the severe drought event of monsoon 2002: a case study
Sachin D. Ghude · Santosh H. Kulkarni · Pavan S. Kulkarni · Vijay P. Kanawade
· Suvarna Fadnavis · Samir Pokhrel · Chinmay Jena · G. Beig · D. Bortoli
Environ Sci Pollut Res (2011) 18:1442–1455 DOI 10.1007/s11356-011-0506-4

Background, aim, and scope The present study is an attempt to examine
some of the probable causes of the unusually low tropospheric column ozone
observed over eastern India during the exceptional drought event in July
2002.
Method We examined horizontal wind and omega (vertical velocity)
anomalies over the Indian region to understand the large-scale dynamical
processes which prevailed in July 2002. We also examined anomalies in
tropospheric carbon monoxide (CO), an important ozone precursor, and
observed low CO mixing ratio in the free troposphere in 2002 over eastern
India.
Results and discussion It was found that instead of a normal large-scale
ascent, the air was descending in the middle and lower troposphere over a
vast part of India. This configuration was apparently responsible for the less
convective upwelling of precursors and likely caused less photochemical
ozone formation in the free troposphere over eastern India in July 2002.
Conclusion The insight gained from this case study will hopefully provide a
better understanding of the process controlling the distribution of the
tropospheric ozone over the Indian region.

Below-cloud rain scavenging of atmospheric aerosols for aerosol
deposition models
D.M. Chate*, P. Murugavel, K. Ali, S. Tiwari, G. Beig
Atmospheric Research 99 (2011) 528–536
Below-cloud aerosol scavenging is generally estimated from field
measurements using advanced instruments that measure changes in aerosol
distributions with respect to rainfall. In this study, we discuss various
scavenging mechanisms and scavenging coefficients from past laboratory and
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field measurements. Scavenging coefficients derived from field measurements
(representing natural aerosols scavenging) are two orders higher than that
of theoretical ones for smaller particles (Dp<2 μm). Measured size-resolved
scavenging coefficients can be served as a better option to the default
scavenging coefficient (e.g. a constant of 10−4 s−1 for all size of aerosols,
as used in the CALPUFF model) for representing below-cloud aerosol
scavenging. We propose scavenging correction parameter (CR) as an
exponential function of size-resolved scavenging coefficients, winds and width
in the downwind of the source–receptor system. For a wind speed of 3 m
s−1, CR decrease with the width in the downwind for particles of diameters
Dp<0.1 μm but CR does not vary much for particles in the accumulation
mode (0.1<Dp<2 μm). For a typical urban aerosol distribution, assuming 3
m s−1 air-flow in the source–receptor system, 10 km downwind width, 2.84
mm h−1 of rainfall and using aerosol size dependent scavenging coefficients
in the CR, scavenging of aerosols is found to be 16% in number and 24%
in volume of total aerosols. Using the default scavenging coefficient
(10−4 s−1) in the CALPUFF model, it is found to be 64% in both number
and volume of total aerosols.

Estimation of aerosol size distribution from ion mobility spectra using
the KL model
DEVENDRAA SIINGH, V. GOPALAKRISHNAN, A. S. GAUTAM and R. P. SINGH
International Journal of Remote Sensing Vol. 32, No. 21, 10 November 2011,
6783–6798
Atmospheric ion mobility spectra were measured at Maitri, Antarctica, using an
indigenously fabricated ion mobility spectrometer in January–February 2005
during the 24th Indian Antarctic Expedition. The ion mobility spectrometer was
fabricated and tested at the Indian Institute of Tropical Meteorology, Pune,
India. As the ion mobility depends on the diameter of the particles, the
aerosol size distribution was derived from the observed ion mobility spectra
using the KL model. The model was tested by comparing the derived spectra
with the observed spectra using the Scanning Mobility Particle Sizer and the
Aerodynamic Particle Sizer. We show that the KL model can reasonably
reproduce the observed size distribution except in the accumulation mode.
Relevant meteorological parameters are also reported, which aid in the
interpretation of the results.
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The ion–aerosol interactions from the ion mobility and aerosol particle
size distribution measurements on January 17 and February 18, 2005
at Maitri, Antarctica – A case study
Devendraa Siingh, Vimlesh Pant and A K Kamra
J. Earth Syst. Sci. 120, No. 4, August 2011, pp. 735–754
A case study for the ion–aerosol interactions is presented from the
simultaneous measurements of mobility spectra of atmospheric ions in the
mobility range of 2.29 to 2.98 × 10−4 cm2 V-1 s-1 (diameter range 0.41–
109 nm) and of size distribution of atmospheric aerosol particles in the size
ranges of 4.4–700 nm and 500–20,000 nm diameters made at Maitri
(70°45'52" S, 11°44'2.7" E; 130 m above mean sea level), Antarctica,
on two days January 17 and February 18, 2005, with contrasting
meteorological conditions. In contrast to January 17, on February 18, winds
were stronger from the morning to noon and lower from the noon to
evening, atmospheric pressure was lower, cloudiness was more, the land
surface remained snow-covered after a blizzard on February 16 and 17 and
the airmass over Maitri, descended from an altitude of ∼3 km after an
excursion over ocean. On these days mobility spectra showed two modes,
corresponding to intermediate ions and light large ions and an indication of
additional one/two maxima for small/cluster ions and heavy large ions. The
small ions generated by cosmic rays, and the nucleation mode particles
generated probably by photochemical reactions grew in size by condensation
of volatile trace gases on them and produced the cluster and intermediate
ion modes and the Aitken particle mode in ion/particle spectra. Particles in
the size range of 9–26 nm have been estimated to grow at the rate of 1.9
nm h−1 on February 18, 2005. Both, ions and aerosol particles show
bimodal size distributions in the 16–107 nm size range, and comparison of
the two size distributions suggests the formation of multiple charged ions.
Attachment of small ions to particles in this bimodal distribution of Aitken
particles together with the formation of multiple charged ions are proposed to
result in the light and heavy large ion modes. Growth of the nucleation
mode particles on February 18, 2005 is associated with the passage of the
airmass over ocean. In contrast, though the ion size distributions were not
much different, the aerosol size distributions did not show a dominant peak
for the formation and growth of nucleation mode particles on January 17.
More measurements are needed before the conclusion of this case study is
generalized.
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Source apportionment of arsenic in atmospheric dust fall out in an
urban residential area, Raipur, Central India
G. Balakrishna, S. Pervez and D. S. Bisht
Atmos. Chem. Phys., 11, 5141–5151, 2011
The components and quantities of atmospheric dust fallout have been
reported to be the pollution indicator of large urban areas. The multiplicity
and complexity of sources of atmospheric dusts in urban regions has put
forward the need of source apportionment of these sources indicating their
contribution to specific environmental receptor. The study presented here is
focused on investigation of source contribution estimates of Arsenic in urban
dust fallout in an urban-industrial area, Raipur, India. Source-receptor based
representative sampling plan using longitudinal study design has been
adopted. Six sampling sites have been identified on the basis of land use
for development plan of anthropogenic activities and factors related to the
transportation and dispersion pattern of atmospheric dusts. Source
apportionment has been done using Chemical Mass Balance (CMB 8).
Good fit parameters and relative source contribution has been analyzed and
documented. Dominance of coal fired industries sources on arsenic levels
measured at selected ambient residential receptors compared to line sources
has been observed. Road-traffic has shown highest contribution of dust at
indoor houses and out door-street automobile exhaust has shows highest
contribution for arsenic. The results of CMB output and regression data of
source-receptor dust matrices have shown comparable pattern.

Variation of total column ozone along the monsoon through region
over north India
G. S. MEENA and S. D. PATIL
International Journal of Remote Sensing Vol. 32, No. 9, 10 May 2011, 2581–2590
This study examined the total column ozone (TCO) variations over
NewDelhi (28.65° N, 77.217° E) and Varanasi (25.32° N, 83.03° E),
which lie along themonsoon trough region, and over the tropical station
Kodaikanal (10.23° N, 77.46° E), which lies outside the monsoon trough.
Monthly, seasonal and annual TCO variations were determined using data
from ground-based Dobson spectrophotometers during 2000–2008, Brewer
spectrophotometers during 2000–2005 and the satellite-based Scanning
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Imaging Absorption Spectrometer for Atmospheric Cartography (SCIAMACHY)
during 2002–2008. We found that Dobson, Brewer and SCIAMACHY TCO
variations showed negative trends, indicating a decreasing tendency during
the period studied at all three stations. Over Varanasi, the trend decreased
further by about 3 DU year-1. Quasi-Biennial Oscillation (QBO) influences
were seen in the time series of TCO over New Delhi and Varanasi, and
weaker QBO signals over Kodaikanal. Comparisons were made between
ground-based Dobson and Brewer spectrophotometer and SCIAMACHY
satellite monthly mean TCO values. The differences between SCIAMACHY
and Dobson TCO were 0.4–4.2% for New Delhi and 2.3–6.2% for
Varanasi. The differences between SCIAMACHY and Brewer TCO values
were 2.0–6.4% forKodaikanal. In the peak monsoon months (July and
August), decreases in TCO values over New Delhi and Varanasi (the
monsoon trough region) may be due to the deep convection present during
the monsoon season. During themonsoon season, several intense cyclonic
systems appear over the monsoon trough region and may cause lowering of
the TCO. Kodaikanal shows opposite features, with high values being
observed during the peak monsoon months. TCO values over New Delhi
were found to be higher than those over Varanasi and Kodaikanal, and TCO
values over Varanasi were higher than over Kodaikanal. It was concluded
that TCO values increase with increasing latitude.

Winter aerosol and trace gas characteristics over a high-altitude
station in the Western Ghats, India
S. KUMAR, P. C. S. DEVARA, M. G. MANOJ and P. D. SAFAI
Atmósfera 24(3), 311-328 (2011)
This paper presents spectral distribution of aerosol optical depth (and
derived size distribution), water vapor and ozone in total atmospheric
column; in conjunction with particulate mass concentration in the size range
from 0.3 to 20 μm and black carbon mass concentration at the surfacelevel during four different campaigns, conducted in months of DecemberJanuary-2006-2007 (Campaign I), February-2007 (Campaign II),
January- 2008 (Campaign III) and November-2008 (Campaign IV) at a
high-altitude station, Sinhgad (18°22'N, 73°45'E, 1450 m AMSL) in the
Western Ghats of Indian Peninsula. Aerosol optical depth (AOD) measured
within the spectral range 440-1020 nm is found lower as compared to that
measured over a nearby urban station, Pune; but relatively higher than that
over other remote high-altitude stations in India. The columnar Angstrom
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exponent derived within the 440-870 nm spectral range showed maximum
values close to 1 indicating relatively higher contribution from fine-mode
particles to aerosol size spectrum. Interestingly, this parameter shows lower
values when the total aerosol mass concentration exhibits higher values
during afternoon hours. Both columnar water vapor (CWV) and ozone
(TCO) exhibit lower values in the morning hours and higher in the
afternoon hours. The mass concentration of black carbon shows an
association with AOD during the study period over the station. The measured
surface aerosol particle number concentrations are used to reconstruct AOD
spectra using the Optical Properties of Aerosols and Clouds (OPAC)
software package and compared with simultaneously available columnar AOD
spectra.

Seasonal characteristics of black carbon aerosols over a high altitude
station in Southwest India
M.P. Raju, P.D. Safai , P.S.P. Rao, P.C.S. Devara, K.B. Budhavant
Atmospheric Research 100 (2011) 103–110
Black carbon (BC) aerosol mass concentrations were measured using an
Aethalometer at high altitude station Sinhagad, a rural location in south-west
India, in the pre-monsoon and postmonsoon seasons during 2009–10. Mean
BC concentration was about 67% less during premonsoon than that during
post-monsoon. During post-monsoon, the surface boundary layer is generally
shallow resulting in the trapping of pollutants in a lesser volume near the
surface which lead to higher BC concentrations than of pre-monsoon which
experiences high convective activity and thereby dispersion of aerosols near
the surface. Diurnal variation of BC during pre-monsoon was attributed to
the changes in the local boundary layer as well as to the certain
anthropogenic activities near the sampling site. BC aerosol mass
concentration showed good correlation with temperature gradient and relative
humidity in pre-monsoon. However in post-monsoon, a weak correlation was
observed with temperature gradient whereas with relative humidity, a good
correlation was observed during night hours only. The wind speed and
direction using NCEP/NCAR reanalysis data showed a possible transport from
Pune city as well as from N/NE Indian regions during post-monsoon. BC
also showed good correlation with other anthropogenic components of
aerosols like NssSO4, NssK, NO3, and NH4; indicating a possible common
source for them.
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Volatile properties of atmospheric aerosols during nucleation events at
Pune, India
P. Murugavel, D.M. Chate
J. Earth Syst. Sci. 120, No. 3, June 2011, pp. 1–11
Continuous measurements of aerosol size distributions in the mid-point
diameter range 20.5–500 nm were made from October 2005 to March
2006 at Pune (18°32'N, 73°51'E), India using Scanning Mobility Particle
Sizer (SMPS). Volatilities of atmospheric aerosols were also measured at
40°, 125°, 175°, 300° and 350°C temperatures with Thermodenuder-SMPS
coupled system to determine aerosol volatile fractions. Aerosols in nucleated,
CCN and accumulated modes are characterized from the measured
percentage of particles volatized at 40°, 125°, 175°, 300° and 350°C
temperatures. Averaged monthly aerosol concentration is at its maximum in
November and gradually decreases to its minimum at the end of March. The
diurnal variations of aerosol concentrations gradually decrease in the night
and in early morning hours (0400–0800 hr). However, concentration attains
minimum in its variations in the noon (1400– 1600 hr) due to higher
ventilation factor (product of mixing height and wind speed). The half an
hour averaged diurnal variation of aerosol number concentration shows about
5 to 10-fold increase despite the ventilation factor at higher side before
1200 hr. This sudden increase in aerosol concentrations is linked with
prevailing conditions for nucleation bursts. The measurement of volatile
fraction of ambient aerosols reveals that there are large number of highly
volatile particles in the Aitken mode in the morning hours and these volatile
fractions of aerosols at temperatures <150°C are of ammonium chloride and
ammonium sulfate, acetic and formic acids.

Tropospheric ozone variability over the Indian coastline and adjacent
land and sea
PAVAN S. KULKARNI, SACHIN D. GHUDE, S. L. JAIN, B. C. ARYA, P. K.
DUBEYand SHAHNAWAZ
International Journal of Remote Sensing Vol. 32, No. 6, 20 March 2011, 1545–
1559
A tropospheric ozone variability study is carried out to investigate the spatial
and temporal distribution over the coastline of the Indian peninsula and
adjacent land and sea using NASA Langley Tropospheric Ozone Residual
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data set for the period 1979–2005.Astrong seasonal cycle has been
observed with large variation (∼55%) over the upper eastern coast,
followed by the upper and lower western coast, compared to the lower
eastern coast (∼33%). A negative gradient in ozone concentration is
observed along eastern and western coasts during summer (slope ∼–0.78
and –0.65) and a positive gradient (slope ∼0.16 and 0.21) during winter.
The same is observed over the adjacent land and sea along the coastline
with slight variation. This change in gradient can be attributed to the
anthropogenic emission of precursor gases that reinforce localized
photochemical production of ozone. In addition, topography, transport,
seasonality of emission of precursor gases and the solar insolation cycle play
a vital role.

Observation-based 3-D view of aerosol radiative properties over
Indian Continental Tropical Convergence Zone: implications to
regional climate
J. JAI DEVI, S. N. TRIPATHI1, TARUN GUPTA, B. N. SINGH, V.
GOPALAKRISHNAN and SAGNIK DEY
Tellus (2011), 63B, 971–989
Spatial and vertical distributions of aerosol radiative properties over Indian
Continental Tropical Convergence Zone (CTCZ) up to 6 km altitude during
the pre-monsoon and monsoon seasons of 2008 have been measured and
reported for the first time. Inter-seasonal and intra-seasonal comparisons of
different aerosol properties below and above the boundary layer are carried
out in and among different regions of CTCZ. During pre-monsoon, aerosol
layers were found to be present up to altitude as high as 6 km over the
Indo-Gangetic Plains and Himalayan foothills. A large increase in absorption
coefficients (by two to five times) near the Himalayan foothills and coastal
India than the background values may be attributed to extensive biomass
burning as supported by fire counts data. During monsoon, the aerosols
were mostly confined to lower troposphere. However, absorbing aerosols were
found to rebuild much faster than scattering aerosols after rains. Heating
rates were very high over urban city of Bareilly peaking around 2 km during
the pre-monsoon. The HR values over urban Kanpur during monsoon were
comparable to Bareilly during pre-monsoon. Negligible latitudinal gradient of
heating rate from the Himalayan foothill to central India was observed during
both the seasons.
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Contribution of anthropogenic aerosols in direct radiative forcing and
atmospheric heating rate over Delhi in the Indo-Gangetic Basin
Atul K. Srivastava · Sachchidanand Singh · S. Tiwari · D. S. Bisht
Environ Sci Pollut Res DOI 10.1007/s11356-011-0633-y
Introduction The present work is aimed to understand direct radiation effects
due to aerosols over Delhi in the Indo-Gangetic Basin (IGB) region, using
detailed chemical analysis of surface measured aerosols during the year
2007. Methods An optically equivalent aerosol model was formulated on the
basis of measured aerosol chemical compositions along with the ambient
meteorological parameters to derive radiatively important aerosol optical
parameters. The derived aerosol parameters were then used to estimate the
aerosol direct radiative forcing at the top of the atmosphere, surface, and in
the atmosphere. Results The anthropogenic components measured at Delhi
were found to be contributing ∼72% to the composite aerosol optical depth
(AOD0.5 ∼0.84). The estimated mean surface and atmospheric forcing for
composite aerosols over Delhi were found to be about −69, −85, and
−78 W m−2 and about +78, +98, and +79 Wm−2 during the winter,
summer, and post-monsoon periods, respectively. The anthropogenic aerosols
contribute ∼90%, 53%, and 84% to the total aerosol surface forcing and
∼93%, 54%, and 88% to the total aerosol atmospheric forcing during the
above respective periods. The mean (±SD) surface and atmospheric forcing
for composite aerosols was about −79 (±15) and +87 (±26)W m−2 over
Delhi with respective anthropogenic contributions of ∼71% and 75% during
the overall period of observation. Conclusions Aerosol induced large surface
cooling, which was relatively higher during summer as compared to the
winter suggesting an increase in dust loading over the station. The total
atmospheric heating rate at Delhi averaged during the observation was found
to be 2.42± 0.72 Kday−1, of which the anthropogenic fraction contributed as
much as ∼73%.

Unusual diurnal variation in surface ozone observed after the 26
December 2004 tsunami over the rural site of Bay of Bengal, India
SHESHRAO DEBAJE, S. JOHNSON JEYAKUMAR and M. RAJENDRAN
International Journal of Remote Sensing Vol. 32, No. 4, 20 February 2011, 951–
971
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Measurements of surface ozone (O3) and nitrogen dioxide (NO2) were
studied from December 2004 to February 2005, covering the giant tsunami
event on 26 December 2004 at Tranquebar (11° N, 79.9° E, 9 m) over
the west coast of the Bay of Bengal, India. An unusual maximum
O3 concentration of 28 parts per billion by volume (ppbv) was observed in
the morning and a minimum (16 ppbv) in the evening, indicating that
pronounced chemical loss of O3occurred in the daytime after the tsunami
over this coastal region. An increase in NO2 concentration from 5.6 ppbv
before the tsunami to 10.5 ppbv after the tsunami was observed in the
daytime. The observed unusual diurnal changes in O3 were not due to mass
transport processes as the five-day back trajectories of air parcels transport
before and after the tsunami remained unchanged. Similarly,meteorological
andmicrometeorological parameters were found to be normal before and after
the tsunami. The unusual low O3 level during the daytime was possibly due
to prolonged excess emission of iodocarbons from the sea surface after the
tsunami, which resulted in enhanced inorganic iodine (Ix) concentration,
leading tomassive destruction of O3. Similarly, unusually high O3 levels
during the night-time were possibly due to the intrusion of ozone-rich air
after the tsunami from the free troposphere into the surface layer when the
boundary layer height shrinks after midnight. The present work can be
extended on a regional scale by incorporating modelling studies using recent
remote sensing tools.

High ozone at coastal sites in India
SHESHRAO DEBAJE and S. JOHNSON JEYAKUMAR
International Journal of Remote Sensing Vol. 32, No. 4, 20 February 2011, 993–
1015
We present the field measurements of surface ozone (O3) made across
the coast in five locations at three stations Poombuhar (11.14° N, 79.9°
E), Tranquebar (11° N, 79.9° E) and TR Pattinam (10.46° N, 79.9° E)
along the west coast of the Bay of Bengal, India in December 2000 and
2002 and in April 2001 and 2003. Measurements show a higher
concentration of surface O3 up to 4.0–6.9 parts per billion by volume
(ppbv) at the coastline as compared to the concentration of surface O3 at
a distance 20 km inland. The higher coastline O3 concentration is attributed
to the short-lived chlorine species with a lifetime of less than 10 minutes
generated from the chemical reaction of sea salt particles. Mean
O3 concentration decreases inland with distance from the coastline.
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Furthermore, the greatest difference between the coastline surface
O3 concentration and O3 concentration 20 km inland was 4.8–6.4 ppbv,
observed at 10 h in the morning, which is related to the morning peak of
chlorine molecule (Cl2) concentration. Measurements of nitrogen dioxide
(NO2) show concentrations between 4 and 10 ppbv, which are substantially
higher than the critical limit of surface O3 production.

Visibility degradation during foggy period due to anthropogenic urban
aerosol at Delhi, India
Suresh Tiwari, Swagata Payra , Manju Mohan , Sunita Verma , Deewan Singh
Bisht
Atmospheric Pollution Research 2 (2011) 116‐120
Fog occurs more frequently over urban areas than rural areas. It may occur
due to increased air pollution emanating from variety of sources in the urban
areas. The increased pollution levels may lead to the atmospheric reactions
resulting into the formation of secondary pollutants that may also lead to the
needed cloud condensation nuclei. Northern regions of India experience
severe foggy conditions during the winter period (November–January) each
year. In this study, we have simultaneously measured the particulate mass
concentration (0.23 μm to 20 μm), meteorological parameters and
atmospheric visibility in Mega city Delhi during a winter month of the years
2007– 2008 in order to have an improved understanding of their role in
fog formation. The effects of aerosols on fog formation are discussed through
an analysis of trends in fog frequency and comparison with meteorological
parameters, and visibility as an indicator of aerosol load. This satisfies the
precondition for using these relations. The association between the
meteorological parameters (visibility, depression temperature) and air
pollutants are examined. The Windows software SPSS (version 17.0) is
used to fit a linear regression model. The model explained the variation in
visibility due to depression temperature and aerosols load.

Size distribution of atmospheric aerosols at Maitri, Antarctica
Vimlesh Pant, Devendraa Siingh, and A K Kamra
Atmospheric Environment 45 (2011) 5138-5149
Measurements of the concentration and size distribution of the atmospheric
aerosol particles in the size range of 0.003e20 mm diameter have been
210

made at Maitri (70°45'52" S, 11°44'03" E) during January-February,
2005. The measured particle size ranges extended from 0.5 to 20 µm
throughout the period, from 0.016 to 0.7 µm in January and 0.01 to 0.4
µm in February. For short intervals of time, comprising a total period of 210
h, the measurements were made for particles in the size range of 0.0030.16 µm. Total particle number concentrations of coarse and fine particles
vary from 0.1 to 0.8 and from 100 to 2000 particles cm-3, respectively.
The fine particle concentration undergoes a diurnal variation with values
remaining low (300-400 cm-3) during low sun periods and increasing up
to ∼750 cm-3 at noontime. The monthly-averaged number size distributions
show maxima in accumulation mode at 0.772 ± 0.023 µm, in Aitken mode
at 0.089 ± 0.005 µm in January which shifts to 0.03 ± 0.003 µm in
February, and in nucleation mode at 0.018 ± 0.002 µm. The hourlyaveraged curves can have one mode each in coarse, accumulation, and
nucleation size ranges, and two modes in Aitken size range of particles.
Total number concentration of particles in coarse mode is higher in oceanic
than in continental air masses. Further, while the oceanic air masses have
nucleation mode at 0.01 µm and Aitken mode at 0.024 µm, continental air
masses have nucleation mode at 0.017 µm. Intermixing of the two air
masses at coastal site results in multi-modal size distributions. It is inferred
that while in continental air masses the nucleation mode particles are aged,
in oceanic air masses these are likely to be transported from the upper
troposphere under subsidence of cyclonic storms revolving around the
continent of Antarctica.

On the contribution of black carbon to the composite aerosol radiative
forcing over an urban environment
A.S. Panicker , G. Pandithurai , P.D. Safai , S. Dipu , Dong-In Lee
This paper discusses the extent of Black Carb JOURNAL OF Atmospheric
Environment 44 (2010) 3066e3070
on (BC) radiative forcing in the total aerosol atmospheric radiative forcing
over Pune, an urban site in India. Collocated measurements of aerosol
optical properties, chemical composition and BC were carried out for a
period of six months (during October 2004 to May 2005) over the site.
Observed aerosol chemical composition in terms of water soluble, insoluble
and BC components were used in Optical Properties of Aerosols and Clouds
(OPAC) to derive aerosol optical properties of composite aerosols. The BC
fraction alone was used in OPAC to derive optical properties of BC
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aerosols. The aerosol optical properties for composite and BC aerosols were
separately used in SBDART model to derive direct aerosol radiative forcing
due to composite and BC aerosols. The atmospheric radiative forcing for
composite aerosols were found to be +35.5, +32.9 and +47.6Wm-2 during
post-monsoon, winter and pre-monsoon seasons, respectively. The average
BC mass fraction found to be 4.83, 6.33 and 4 mgm-3 during the above
seasons contributing around 2.2 to 5.8% to the total aerosol load. The
atmospheric radiative forcing estimated due to BC aerosols was +18.8,
+23.4 and +17.2Wm-2, respectively during the above seasons. The study
suggests that even though BC contributes only 2.2-6% to the total aerosol
load; it is contributing an average of around 55% to the total lower
atmospheric aerosol forcing due to strong radiative absorption, and thus
enhancing greenhouse warming.

Aerosol indirect effect during successive contrasting monsoon seasons
over Indian subcontinent using MODIS data
A.S. Panicker*, G. Pandithurai, S. Dipu
Atmospheric Environment 44 (2010) 1937-1943
Aerosol indirect effect (AIE) was estimated over six Indian regions, which
have been identified as main source regions of absorbing aerosol emissions,
for four successive contrasting monsoon years, 2001 (normal monsoon
rainfall year), 2002 (drought year), 2003 (excess monsoon rainfall year)
and 2004 (below normal rainfall year). The AIE has been estimated both
for fixed cloud liquid water path (CLWP) and for fixed cloud ice path
(CIP) bins, ranging from 1 to 350 gm-2 at 25 gm-2 intervals obtained
from Moderate resolution imaging spectroradiometer (MODIS). In 2002 and
2004, AIE found to be of positive (Twomey effect) in majority of the fixed
CLWP and CIP bins, while in 2001 and 2003 majority of the bins were
found to be showing negative indirect effect (Anti-Twomey effect). Changes
in circulation patterns during contrasting monsoon seasons, bringing up air
mass containing aerosols of different source origins may be the main reason
for this positive and negative AIE. The study suggests that AIE could be
one of the factors in modulating Indian summer monsoon. However, further
research on this topic is to be carried out to establish the relationship
between AIE and Indian monsoon rainfall and also AIE values may be
parameterized in climate models for better prediction of monsoon.
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Aerosol Chemistry over a High Altitude Station at Northeastern
Himalayas, India
Abhijit Chatterjee, Anandamay Adak, Ajay K. Singh, Manoj K. Srivastava, Sanjay
K. Ghosh2, Suresh Tiwari, Panuganti C. S. Devara, Sibaji Raha1
PLoS ONE 5(6): e11122. doi:10.1371/journal.pone.0011122
Background: There is an urgent need for an improved understanding of the
sources, distributions and properties of atmospheric aerosol in order to control
the atmospheric pollution over northeastern Himalayas where rising
anthropogenic interferences from rapid urbanization and development is
becoming
an
increasing
concern.
Methodology/Principal Findings: An extensive aerosol sampling program was
conducted in Darjeeling (altitude ∼2200 meter above sea level (masl),
latitude 27°01'N and longitude 88°15'E), a high altitude station in
northeastern Himalayas, during January–December 2005. Samples were
collected using a respirable dust sampler and a fine dust sampler
simultaneously. Ion chromatograph was used to analyze the water soluble
ionic species of aerosol. The average concentrations of fine and coarse
mode aerosol were found to be 29.5±20.8 mg m-3 and 19.6±11.1 mg m3
respectively. Fine mode aerosol dominated during dry seasons and coarse
mode aerosol dominated during monsoon. Nitrate existed as NH4NO3 in fine
mode aerosol during winter and as NaNO3 in coarse mode aerosol during
monsoon. Gas phase photochemical oxidation of SO2 during premonsoon and
aqueous phase oxidation during winter and postmonsoon were the major
pathways for the formation of SO4-2 in the atmosphere. Long range transport
of dust aerosol from arid regions of western India was observed during
premonsoon. The acidity of fine mode aerosol was higher in dry seasons
compared to monsoon whereas the coarse mode acidity was higher in
monsoon compared to dry seasons. Biomass burning, vehicular emissions
and dust particles were the major types of aerosol from local and continental
regions whereas sea salt particles were the major types of aerosol from
marine source regions. Conclusions/Significance: The year-long data
presented in this paper provide substantial improvements to the heretofore
poor knowledge regarding aerosol chemistry over northeastern Himalayas, and
should be useful to policy makers in making control strategies.
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Fate of ammonia emissions at the local to regional scale as simulated
by the Community Multiscale Air Quality model
Robin L. Dennis, Rohit Mathur, Jonathan E. Pleim, John T. Walker
Source: Atmospheric Pollution Research (APR)Volume: 1 Issue: 4 Pages: 207214 Published: OCTOBER 2010
Atmospheric deposition of nitrogen contributes to eutrophication of estuarine
waters and acidification of lakes and streams. Ammonia also contributes to
fine particle formation in the atmosphere and associated health effects. Model
projections suggest that NH3 deposition may become the major source of
nitrogen deposition in the future. The regional transport of NH3 contributes to
nitrogen deposition. Conventional wisdom for many is that a large fraction, or
even all, of the NH3 emissions deposit locally, near their source as dry
deposition, which we believe is incorrect. In this study we use a regional
atmospheric model, the Community Multiscale Air Quality (CMAQ) model to
identify the dominant processes that dictate the fate of NH3 and address the
questions of how much NH3 deposits locally and what is the range of
influence of NH3 emissions. The CMAQ simulation is for June 2002 with a
12–km grid size, covering the eastern half of the U.S. We study three
different NH3 dry deposition formulations, including one that represents bi–
directional NH3 air–surface exchange, to represent uncertainty in the NH3
dry deposition estimates. We find for 12–km cells with high NH3 emissions
from confined animal operations that the local budget is dominated by
turbulent transport away from the surface and that from 8–15% of a cell’s
NH3 emissions dry deposit locally back within the same cell. The CMAQ
estimates are consistent with local, semi–empirical budget studies of NH3
emissions. The range of influence of a single cell’s emissions varies from
180 to 380 kilometers, depending on the dry deposition formulation. At the
regional scale, wet deposition is the major loss pathway for NH3;
nonetheless, about a quarter of the NH3 emissions are estimated to
transport off the North American continent, an estimate that is not sensitive
to the uncertainty in dry deposition. Keywords: Ammonia deposition, Ammonia
emission influence range, Atmospheric budget, Modeling, CMAQ.

A Multi-pollutant, risk-based approach to air quality management: Case
study for Detroit
Karen Wesson, Neal Fann, Mark Morris, Tyler Fox, Bryan Hubbell
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Source: Atmospheric Pollution Research (APR)Volume: 1 Issue: 4 Pages: 296304 Published: OCTOBER 2010
In response to the need to further explore and understand the technical
needs and challenges presented by implementing a multi–pollutant, risk–based
approach to air quality management, a case study was performed for the
urban area of Detroit. As part of this case study, two contrasting air quality
control strategies were assessed and compared. One strategy mimicked the
“status quo”, where controls were selected separately to address ozone
(O3) and fine particulate matter (PM2.5) nonattainment at monitor
locations, while the other strategy reflected a “multi–pollutant, risk–based”
approach aimed at further reducing population risk from exposure to ozone,
PM2.5 and selected air toxics while still addressing ozone and PM2.5
nonattainment. This paper describes the technical framework used to apply
and evaluate the two contrasting air quality control strategies and describes
the relative benefits of each. Based on this case study, we found that the
“multi–pollutant, risk–based” approach was able to: (1) achieve the same
or greater reductions of PM2.5 and O3 at monitors; (2) improve air quality
regionally and across the Detroit urban core for multiple pollutants; (3)
produce approximately two times greater monetized benefits for PM2.5 and
O3; (4) reduce non–cancer risk; and (5) result in greater net benefits
and be more cost effective. Keywords: Multi–pollutant, Control strategy, Risk,
Benefits, Air quality management.

Prediction of PM10 concentrations through multi-gene genetic
programming
Jose C.M. Pires, Maria C.M. Alvim–Ferraz, Maria C. Pereira, Fernando G.
Martins
Source: Atmospheric Pollution Research (APR)Volume: 1 Issue: 4 Pages: 305310 Published: OCTOBER 2010
This study aims to apply a multi–gene genetic programming (MGP)
methodology for predicting the daily average of PM10 concentrations on the
next day. This methodology is based on the principles of the simple genetic
programming (GP) algorithm. The models are also encoded in tree
structures (tree expressions) that are modified following an iterative process;
the model structure and parameters are optimized, simultaneously. The main
differences between these two methodologies are: (i) an individual is
composed by several tree structures, called genes, and not a single one;
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and (ii) the output value is calculated through the linear combination of the
outputs of the different genes belonging to the same individual. The case
study here considered was to predict the daily average of PM10
concentrations on the next day. The data were collected in an urban site
with traffic influences in Oporto Metropolitan Area, Northern Portugal. The air
pollutants data (daily average concentrations of SO2, CO, NO, NO2 and
PM10) and the meteorological data (daily averages of temperature – T,
relative humidity – RH and wind speed – WS) were used as inputs for the
models. The studied period was from January 2003 to December 2005.
Ten MGP runs were applied and the results showed that RH, NO2 and
PM10 concentrations were the most relevant input variables, as they
appeared in almost all models. The MGP runs lead to selection of different
models, which presented similar results in both training and test periods.
Their predictive performances were compared with ones obtained with linear
statistical models. MGP models did not present better results than linear
models. However, considering that the relationships between air quality and
meteorological variables are nonlinear and unknown, MGP was considered as
a promising technique for the prediction of the daily average PM10
concentrations. Keywords: Multi-gene genetic programming, Daily average
PM10 concentrations, Air pollution modeling.

Quantifying pollution inflow and outflow over East Asia in spring with
regional and global models
M. Lin, T. Holloway, G. R. Carmichael, and A. M. Fiore
Source: Atmos. Chem. Phys., 10, 4221-4239, 2010 www.atmos-chemphys.net/10/4221/2010/ doi:10.5194/acp-10-4221-2010
Understanding the exchange processes between the atmospheric boundary
layer and the free troposphere is crucial for estimating hemispheric transport
of air pollution. Most studies of hemispheric air pollution transport have taken
a large-scale perspective using global chemical transport models with fairly
coarse spatial and temporal resolutions. In support of United Nations Task
Force on Hemispheric Transport of Air Pollution (TF HTAP; www.htap.org),
this study employs two high-resolution atmospheric chemistry models (WRFChem and CMAQ; 36×36 km) driven with chemical boundary conditions
from a global model (MOZART; 1.9×1.9°) to examine the role of fine-scale
transport and chemistry processes in controlling pollution export and import
over the Asian continent in spring (March 2001). Our analysis indicates the
importance of rapid venting through deep convection that develops along the
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leading edge of frontal system convergence bands, which are not adequately
resolved in either of two global models compared with TRACE-P aircraft
observations during a frontal event. Both regional model simulations and
observations show that frontal outflows of CO, O3 and PAN can extend to
the upper troposphere (6–9 km). Pollution plumes in the global MOZART
model are typically diluted and insufficiently lofted to higher altitudes where
they can undergo more efficient transport in stronger winds. We use
sensitivity simulations that perturb chemical boundary conditions in the CMAQ
regional model to estimate that the O3 production over East Asia (EA)
driven by PAN decomposition contributes 20% of the spatial averaged total
O3 response to European (EU) emission perturbations in March, and
occasionally contributes approximately 50% of the total O3 response in
subsiding plumes at mountain observatories (at approximately 2 km
altitude). The response to decomposing PAN of EU origin is strongly
affected by the O3 formation chemical regimes, which vary with the model
chemical mechanism and NOx/VOC emissions. Our high-resolution models
demonstrate a large spatial variability (by up to a factor of 6) in the
response of local O3 to 20% reductions in EU anthropogenic O3 precursor
emissions. The response in the highly populated Asian megacities is 40–50%
lower in our high-resolution models than the global model, suggesting that
the source-receptor relationships inferred from the global coarse-resolution
models likely overestimate health impacts associated with intercontinental O3
transport. Our results highlight the important roles of rapid convective
transport, orographic forcing, urban photochemistry and heterogeneous
boundary layer processes in controlling intercontinental transport; these
processes may not be well resolved in the large-scale models.

Chemical characterisation of iron in dust and biomass burning aerosols
during AMMA-SOP0/DABEX: implication for iron solubility
R. Paris, K. V. Desboeufs, P. Formenti1, S. Nava, and C. Chou
Source: Atmos. Chem. Phys., 10, 4273-4282, 2010 www.atmos-chemphys.net/10/4273/2010/ doi:10.5194/acp-10-4273-2010
The chemical composition and the soluble fraction were determined in aerosol
samples collected during flights of AMMA-SOP0/DABEX campaign, which
were conducted in the West African Sahel during dry season (2006). Two
aerosol types are encountered in this period: dust particles (DUST) and
biomass burning aerosol (BB). Chemical analysis and microscope
observations showed that the iron (Fe) found in BB samples mainly
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originates from dust particles mostly internally mixed in the biomass burning
layer. Chemical analyses of samples showed that the Fe solubility is lower
in African dust samples than in biomass burning aerosols. Our data provide
a first idea of the variability of iron dust solubility in the source region
(0.1% and 3.4%). We found a relationship between iron solubility/clay
content/source which partly confirms that the variability of iron solubility in
this source region is related to the character and origin of the aerosols
themselves. In the biomass burning samples, no relationship were found
between Fe solubility and either the concentrations of acidic species
(SO42−, NO3− or oxalate) or the content of carbon (TC, OC, BC).
Therefore, we were unable to determine what processes are involved in this
increase of iron solubility. In terms of supply of soluble Fe to oceanic
ecosystems on a global scale, the higher solubility observed for Fe in
biomass burning could imply an indirect source of Fe to marine ecosystems.
But these aerosols are probably not significant because the Sahara is easily
the dominant source of Fe to the Atlantic Ocean.

How can aerosols affect the Asian summer monsoon? Assessment
during three consecutive pre-monsoon seasons from CALIPSO satellite
data
J. Kuhlmann, and J. Quaas
Source: Atmos. Chem. Phys., 10, 4673-4688, 2010 www.atmos-chemphys.net/10/4673/2010/ doi:10.5194/acp-10-4673-2010
The impact of aerosols above and around the Tibetan Plateau on the Asian
Summer Monsoon during pre-monsoon seasons March-April-May 2007,
2008, and 2009 is investigated by means of remote sensing and radiative
transfer modelling. Four source regions are found to be responsible for the
high aerosol loading around the Tibetan Plateau: the Taklamakan Desert, the
Ganges Plains, the Indus Plains, and the Arabian Sea. CALIPSO lidar
satellite data, providing vertically resolved images of aerosols, shows aerosol
concentrations to be highest in the lower 5 km of the atmosphere with only
little amounts reaching the Tibetan Plateau altitude. Using a radiative transfer
model we find that aerosol plumes reduce shortwave radiation throughout the
Monsoon region in the seasonal average by between 20 and 30 W/m2.
Peak shortwave heating in the lower troposphere reaches 0.2 K/day. In
higher layers this shortwave heating is partly balanced by longwave cooling.
Although high-albedo surfaces, such as deserts or the Tibetan Plateau,
increase the shortwave heating by around 10%, the overall effect is strongest
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close to the aerosol sources. A strong elevated heating which could influence
large-scale monsoonal circulations as suggested by previous studies is not
found.

Characterization of aerosol black carbon over a tropical semi-arid
region of Anantapur, India
K. Raghavendra Kumara, K. Narasimhulub, G. Balakrishnaiaha, B. Suresh
Kumar Reddya, K. Rama Gopala, R.R. Reddya, S.K. Satheeshc, K. Krishna
Moorthyd, S. Suresh Babud
Source: Atmospheric Research Volume 100, Issue 1, April 2011, Pages 12–27
Black carbon (BC) aerosol mass concentrations measured using an
aethalometer at Anantapur, a semi-arid tropical station in the southern part
of peninsular India, from August 2006 to July 2007 are analyzed. Seasonal
and diurnal variations of BC in relation to changes in the regional
meteorological conditions have been studied along with the mass fraction of
BC to the total aerosol mass concentration (Mt) and fine particle mass
(FPM) concentration in different months. The data collected during the
study period shows that the annual average BC mass concentration at
Anantapur is 1.97 ± 0.12 μg m− 3. Seasonal variations of BC aerosol
mass concentration showed high during the dry (winter and summer)
seasons and low during the post-monsoon followed by the monsoon
seasons. Diurnal variations of BC aerosols attain a gradual build up in BC
concentration from morning and a sharp peak occurs between 07:00 and
09:00 h almost an hour after local sunrise and a broad nocturnal peak
from 19:00 to 21:00 h with a minimum in noon hours. The ratio of BC to
the fine particle mass concentration was high during the dry season and low
during the monsoon season. The regression analysis between BC mass
concentration and wind speed indicates that, with increase in wind speeds
the BC mass concentrations would decrease and vice-versa. Aerosol BC
mass concentration shows a significant positive correlation with total mass
concentration (Mt) and aerosol optical depth (AOD, τp) at 500 nm.

Modal characteristics of carbonaceous aerosol size distribution in an
urban atmosphere of South China
Zi-Juan Lana, Dong-Lei Chena, Xiang Lia, Xiao-Feng Huanga, Ling-Yan Hea,
, Yan-Ge Denga, Ning Fenga, Min Hub
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Source: Atmospheric Research Volume 100, Issue 1, April 2011, Pages 51–60
Size distributions can provide important information about aerosol sources,
formation, and growth mechanisms. However, compared to size distributions
of inorganic aerosols, size distributions of carbonaceous aerosols have been
much less studied and reported in the literature. In this paper, we
systematically measured size distributions of elemental carbon (EC), organic
carbon (OC), oxalate, polycyclic aromatic hydrocarbons (PAHs), as well
as major inorganic ions in urban aerosols in Shenzhen, China. Totally 24
sets of samples were collected using a ten-stage micro orifice uniform
deposit impactor (MOUDI) during October 2009 to February 2010. Three
lognormal modes contained in the size distributions of species were resolved
based on positive matrix factorization (PMF) analysis of the measured
dataset, corresponding to the condensation (peak = 0.34 μm), droplet
(peak = 0.84 μm), and coarse (peak = 5.4 μm) modes, respectively.
The mean concentrations of EC in the condensation, droplet, and coarse
modes were 2.20, 1.18, and 0.64 μg m−3, respectively, and the modal
characteristics of EC indicate that fresher local combustion emissions
contributed mostly to aerosol EC in the urban atmosphere of Shenzhen. The
mean concentrations of OC in the condensation, droplet, and coarse modes
were 2.29, 3.34, and 3.51 μg m−3, respectively, and the modal
characteristics of OC indicate that its sources were more primary in the
condensation mode while more secondary in the droplet mode. The modal
characteristics of aerosol oxalate and PAHs suggest that they were
predominantly from in-cloud secondary formation and local emissions,
respectively.

Influence of local sources on rainwater chemistry over Pune region,
India
K.B. Budhavant, , P.S.P. Rao, P.D. Safai, K. Ali
Source: Atmospheric Research Volume 100, Issue 1, April 2011, Pages 121–131
Rainwater samples were collected at five locations in the Pune region, an
urban area in the south-west part of India, during 2006–2009. These
locations; viz., Swargate (Traffic), Bhosari (Industrial), Pashan, Sangvi
(Urban) and Sinhagad (Rural and High Altitude), represent different
environments in this region. The study based on chemical analyses of these
samples reveals that, on average, rainwater was alkaline at all the locations
with pH values of 6.7, 6.16, 5.94, 6.04 and 5.92, respectively. Higher pH
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value of rainwater at the traffic location than those at the other locations is
due mainly to the abundance of Ca2+ caused by vehicle-driven road-side
dust. The maximum SO42− and NO3− concentrations were found at Bhosari
and Swargate respectively caused by local industrial and vehicular emissions.
The average Fractional acidity over Pune area is 0.024, indicating about
98% acidity is neutralized by alkaline constituents. Factor analysis of the
results indicated the influence of various sources, such as anthropogenic, soil
dust, sea salt and biomass burning.

Local air pollution and long–range mass transport of atmospheric
particulate matter: A comparative study of the temporal evolution of the
aerosol size fractions
Antonio Febo, Fabio Guglielmi, Maurizio Manigrasso, Valerio Ciambottini,
Pasquale Avino
Source: Atmospheric Pollution Research (APR)Volume: 1 Issue: 3 Pages: 141146 Published: JULY 2010
Long–range transport of polluted air masses can significantly affect surface
particulate matter levels. PM10 and PM2.5 daily–average ponderal values
alone are not sufficient to investigate the occurrence of such phenomena and
consequently do not give significant information for source apportionment. In
this work, the analysis of aerosol size spectra and the study of the
correlation of the fine and coarse modes of PM have been applied to
individuate long–range transport episodes of polluted air masses. Dust–models
and backward–trajectory analysis were supportive to local surface
measurements of size distribution of PM in confirming the origins of remote
sources of pollution. An application is discussed involving long range
transport of desert dust over Italy that comparatively examined with a fine–
PM pollution episode due to local sources. During the study, the atmospheric
stability/unstability conditions were followed through the trend of the natural
radioactivity considered as tracer of the Planetary Boundary Layer. Keywords:
Long-range transport, Aerosol size spectra, Coarse/fine mode correlation,
Natural radioactivity.

Effect of Stratospheric Ozone in UVB Solar Radiation Reaching the
Earth's Surface at Qena, Egypt
Mahmoud El-Nouby Adam
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Source: Atmospheric Pollution Research (APR)Volume: 1 Issue: 3 Pages: 155160 Published: JULY 2010
This study describes the relationship between UVB and total ozone column
(TOC) at a subtropical location through the period from 2001 to 2005. To
analyze the relationship between TOC and UVB, the dimensionless parameter
UVB transmission (KtUVB) and slant total ozone column (Z) were
estimated. The results show an opposite seasonal behavior for KtUVB and Z
in all sky conditions at Qena, Egypt (26.20⁰N, 32.75⁰E, 96 m above sea
level). In order to quantify the UVB transmission variations produced by
slant path ozone changes (Z), a linear regression between these two
variables for cloud–free cases were employed. The correlation (r2) of this
relationship was equal to 0.7 for the daily values. In addition, this value
(r2) was increased for the monthly average (0.8). This study led to the
values of UVB Radiation Amplification Factor (RAF) for the daily and
monthly mean values in cloudless sky conditions that were equal to 1.0014
and 1.05, respectively.

Analysis and interpretation of particulate matter-PM10, PM2.5 and PM1
emissions from the heterogeneous traffic near an urban roadway
Srimuruganandam Bathmanabhan, Shiva Nagendra Saragur Madanayak
Source: Atmospheric Pollution Research (APR)Volume: 1 Issue: 3 Pages: 184194 Published: JULY 2010
This paper presents analysis and interpretation of diurnal, weekly and
seasonal cycles of 1–h average particulate matter (PM10, PM2.5 and PM1)
concentrations measured near an urban roadway in Chennai city, India,
between November 2007 and May 2008. The PM data analysis showed
clear diurnal, weekly and seasonal cycles at the study site. In diurnal cycle,
highest PM concentrations were observed during weekday’s peak hour traffic
and lowest PM concentrations were found during trickle traffic (afternoon and
nighttime). The seasonal PM data analysis showed highest concentrations
during post monsoon season (PM10 = 189, PM2.5 = 84, PM1 = 66
µg/m3) compared to winter (PM10 = 135, PM2.5 = 73, PM1 = 59
µg/m3) and summer (PM10 = 102, PM2.5 = 50, PM1 = 34 µg/m3)
seasons. The particle size distribution during post-monsoon, winter and
summer seasons showed two distinct modes viz. accumulation (mean
diameter, d = 2.2 µm; distribution = 40%) and coarse (d = 7.1 µm,
distribution = 60%). The frequency distribution of PM10 concentrations during
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post–monsoon and winter seasons indicated that the PM10 values at the
study site fall under moderate to poor categories. During post–monsoon and
winter seasons, it was found that more than 50% of the time the 24–h
average PM10 concentrations were violating the Indian national ambient air
quality standards (NAAQS) (100 µg/m3) and world health organization
(WHO) standard (50 µg/m3). The 24–h average PM2.5 concentrations
were also exceeding the NAAQS (60 µg/m3) and WHO standards (25
µg/m3) by 75% of time, irrespective of seasons. Keywords:Particulate
matter, Exhaust emissions, Heterogeneous traffic, Diurnal cycles, Seasonal
cycles, Urban area.

Quantification of PM2.5 organic carbon sampling artifacts in US
networks
J. C. Chow, J. G. Watson, L.-W. A. Chen, J. Rice, and N. H. Frank
Source: Atmos. Chem. Phys., 10, 5223-5239, 2010 www.atmos-chemphys.net/10/5223/2010/ doi:10.5194/acp-10-5223-2010
Field blanks (bQF) and backup filters (quartz-fiber behind quartz-fiber
filter; QBQ) have been adopted by US long-term air quality monitoring
networks to estimate PM2.5 organic carbon (OC) sampling artifacts. This
study documents bQF and QBQ carbon levels for the: 1) Interagency
Monitoring of Protected Visual Environments (IMPROVE); 2) Speciation
Trends Network (STN; part of the Chemical Speciation Network [CSN]);
and 3) Southeastern Aerosol Research and Characterization (SEARCH)
networks and examines the similarities/differences associated with networkspecific sampling protocols. A higher IMPROVE sample volume and smaller
filter deposit area results in PM2.5 areal density (μg/cm2 on filter) 3–11
times those of STN/CSN and SEARCH samples for the same ambient
PM2.5 concentrations, thus reducing the relative contribution of sampling
artifacts from passive OC adsorption. A relatively short (1–15 min) passive
exposure period of STN/CSN and SEARCH bQF OC (0.8–1 μg/cm2)
underestimates positive and negative OC artifacts resulting from passive
adsorption or evaporation of semi-volatile organic compounds on quartz-fiber
filters. This is supported by low STN/CSN and SEARCH bQF levels and
lack of temporal or spatial variability among the sites within the networks.
With a much longer period, ~7 days of ambient passive exposure, average
IMPROVE bQF and QBQ OC are comparable (2.4±0.5 and 3.1±0.8
μg/cm2, respectively) and more than twice levels found in the STN/CSN
and SEARCH networks. Sampling artifacts in STN/CSN were estimated from
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IMPROVE samples based on linear regression. At six of the eight
sites in this study, STN/CSN bQFs underestimated OC artifacts by
Using a preceding organic denuder in the SEARCH network
passive adsorption on QBQ, but OC on QBQ may not be
entirely to the negative sampling artifact (e.g., evaporated or
OC from the front filter deposits after sample collection).

Measurements of volatile organic compounds over West Africa
J. G. Murphy, D. E. Oram, and C. E. Reeves
Source: Atmos. Chem. Phys., 10, 5281-5294, 2010 www.atmos-chemphys.net/10/5281/2010/ doi:10.5194/acp-10-5281-2010
In this paper we describe measurements of volatile organic compounds
(VOC) made using a Proton Transfer Reaction Mass Spectrometer (PTRMS) aboard the UK Facility for Atmospheric Airborne Measurements during
the African Monsoon Multidisciplinary Analyses (AMMA) campaign.
Observations were made during approximately 85 h of flying time between
17 July and 17 August 2006, above an area between 4° N and 18° N
and 3° W and 4° E, encompassing ocean, mosaic forest, and the Sahel
desert. High time resolution observations of counts at mass to charge
(m/z) ratios of 42, 59, 69, 71, and 79 were used to calculate mixing
ratios of acetonitrile, acetone, isoprene, the sum of methyl vinyl ketone and
methacrolein, and benzene respectively using laboratory-derived humiditydependent calibration factors. Strong spatial associations between vegetation
and isoprene and its oxidation products were observed in the boundary layer,
consistent with biogenic emissions followed by rapid atmospheric oxidation.
Acetonitrile, benzene, and acetone were all enhanced in airmasses which
had been heavily influenced by biomass burning. Benzene and acetone were
also elevated in airmasses with urban influence from cities such as Lagos,
Cotonou, and Niamey. The observations provide evidence that both deep
convection and mixing associated with fair-weather cumulus were responsible
for vertical redistribution of VOC emitted from the surface. Profiles over the
ocean showed a depletion of acetone in the marine boundary layer, but no
significant decrease for acetonitrile.

Spatial distribution and interannual variation of surface PM10
concentrations over eighty-six Chinese cities
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W. J. Qu, R. Arimoto, X. Y. Zhang, C. H. Zhao, Y. Q. Wang, L. F. Sheng, and G.
Fu
Source: Atmos. Chem. Phys., 10, 5641-5662, 2010 www.atmos-chemphys.net/10/5641/2010/ doi:10.5194/acp-10-5641-2010
The spatial distribution of the aerosols over 86 Chinese cities was
reconstructed from air pollution index (API) records for summer 2000 to
winter 2006. PM10 (particulate matter ≤10 μm) mass concentrations were
calculated for days when PM10 was the principal pollutant, these accounted
for 91.6% of the total 150 428 recorded days. The 83 cities in mid-eastern
China (100° E to 130° E) were separated into three latitudinal zones using
natural landscape features as boundaries. Areas with high PM10 level in
northern China (127 to 192 μg m−3) included Urumchi, Lanzhou-Xining,
Weinan-Xi'an, Taiyuan-Datong-Yangquan-Changzhi, Pingdingshan-Kaifeng,
Beijing-Tianjin-Shijiazhuang, Jinan, and Shenyang-Anshan-Fushun; in the
middle zone, high PM10 (119–147 μg m−3) occurred at ChongqingChengdu-Luzhou, Changsha-Wuhan, and Nanjing-Hangzhou; in the southern
zone, only four cities (Qujing, Guiyang, Guangzhou and Shaoguan) showed
PM10 concentration >80 μg m−3. The median PM10 concentration
decreased from 108 μg m−3 for the northern cities to 95 μg m−3 and 55
μg m−3 for the middle and southern zones, respectively. PM10 concentration
and the APIs both exhibited wintertime maxima, summertime minima, and the
second highest values in spring. PM10showed evidence for a decreasing
trend for the northern cities while in the other zones urban PM10 levels
fluctuated, but showed no obvious change over time. The spatial distribution
of PM10 was compared with the emissions, and the relationship between the
surface PM10 concentration and the aerosol optical depth (AOD) was also
discussed.

A GIS based anthropogenic PM10 emission inventory for Greece
Konstantinos Markakis, Anastasia Poupkou, Dimitrios Melas, Christos Zerefos
Source: Atmospheric Pollution Research (APR)Volume: 1 Issue: 2 Pages: 71-81
Published: APRIL 2010
An anthropogenic, chemically speciated PM10 emission inventory was
compiled for Greece in 10 km spatial resolution. The inventory comprises of
all anthropogenic particulate matter sources and it was compiled using a
Geographical Information System (GIS) integrated with SQL programming
language. Input data from the national and international databases were used
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for the calculation of spatially and temporally resolved emissions for the road
transport and all the subsectors of the other mobile sources and machinery
sector using top–down or bottom–up methodologies. Annual data from existing
emission databases were also used and were temporally and spatially
disaggregated using source relevant statistical data and high resolution maps.
The sectoral emission totals are compared with other emission databases or
studies conducted in the area. Total anthropogenic emissions in Greece were
estimated to be 182 219 t for the base year 2003. The results indicate the
industrial sector as the major PM10 emission source (39.9% contribution)
with the major industrial units though to be situated inside the organised
industrial areas of the country. The power generation sector (21.4%) is the
second largest contributor in national level mostly derived from one specific
industrial region at north. International cargo shipping activities (9.6%) is
also an important source category for particles. Heat production and road
transport are found to play a significant role inside the urban centres of the
country.

Uncertainty in modelling PM10 and PM2.5 at a non-signalized traffic
roundabout
Sharad Gokhale, Ravindra Patil
Source: Atmospheric Pollution Research (APR)Volume: 1 Issue: 2 Pages: 59-70
Published: APRIL 2010
Uncertainty in inputs to most air quality models of causal nature often results
uncertainty in modelled concentrations as well. If incorporated, it may provide
complete information on assured range of air pollutant levels. The study
presents a sensitivity analysis of models and the probabilistic based estimates
of uncertainties in their predictions. Two vehicular exhausts dispersion models
have been used for forecasting hourly average PM10 and PM2.5
concentrations at a non–signalized roundabout traffic intersection. The
uncertainties were estimated using first– and second–order Taylor series and
Monte Carlo methods due to wind speed and wind direction and evaluated
with one week particulate matter measurements (PM10 and PM2.5) during
winter period. The amount of uncertainty due to wind speed was about 55%
in the both models, resulted from wind direction was up to 5 to 20% of
the modelled mean for receptors closer to the source but increased even up
to 200% as the distance from the source increased. The uncertainty due to
wind speed by second–order Taylor series matched with that by Monte Carlo
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method implying that a simple second–order Taylor series can be utilized for
such studies instead of conventional time–taking Monte Carlo method.

Determination of arsenic and mercury metals in suspended particulate
matter by flame/flameless atomic absorption spectrometer
Nahar Singh, Sippy Chauhan, Khem Singh, Trailokya Saud, Mohit Saxena, Daya
Soni, Tuhin Kumar Mandal, Jagdish Kumar Bassin, Prabhat K. Gupta
Source: Atmospheric Pollution Research (APR)Volume: 1 Issue: 2 Pages: 112117 Published: APRIL 2010

A method has been developed for the accurate determination of arsenic and
mercury deposited on suspended particulate matter (SPM) collected by high
volume sampler (HVS) from various locations of Delhi (Capital city of
India) by using hydride generator with flame/flameless Atomic Absorption
spectrometry (AAS). Several diverse sites has been monitored for arsenic
and mercury content in environment by analyzing the samples by the method
proposed, but in the present study we are reporting data from seven diverse
sites Ashram (S–1; heavy traffic zone), Azadpur (S–2; industrial zone),
Loni Road (S–3; densely populated + traffic zone), Pitampura (S–4; urban
background zone), Highway no. 56 (S–5; traffic zone), Naraina (S–6;
industrial zone) and NPL (S–7; mix zone). The standard deviation of the
measurements has been calculated on the basis of six observations of two
replicates (three each) of each analyzed species and was found to be less
than 3.5% by the proposed method. The validity of the method proposed
has been established by standard addition of arsenic and mercury in the
procedureal blank (without sample) and also to check the loss during the
process. It has been found that in five replicates, arsenic and mercury
recoveries were 99.3±0.4% and 99.1±0.6% respectively within 95%
confidence level. The method proposed is highly reproducible and can be
used for accurate determination of arsenic and mercury in the atmospheric
particulate matter samples. The arsenic concentration varied from 1.3±0.11
ng/m3 to 5.1±0.27 ng/m3, while concentration of mercury varied from
1.4±0.21 ng/m3 to 12.5±0.81 ng/m3, in seven diverse sites of the Delhi.
Keywords: FAAS, Hydride generator, Arsenic, Mercury.

Workplace atmospheric asbestos levels in different plants
manufacturing asbestos-cement roofing sheets in India
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Furquan Ahmad Ansari, Mohammad Ashquin, Huma Siddiqui, Rajendra Prasad,
Mohd Imran Khan, Iqbal Ahmad
Source: Atmospheric Pollution Research (APR)Volume: 1 Issue: 2 Pages: 128131 Published: APRIL 2010
Environmental monitoring was conducted to determine the workplace
atmospheric asbestos levels in three different plants of an asbestos-cement
(AC) roofing sheet manufacturing industry located in North India. Air
samples were collected for analysis of asbestos fibers at key locations in all
the three plants including fiber warehouse and factory main gate in order to
assess the industrial hygiene conditions prevailed in work zone of this
factory. A total of 24 samples were collected and analyzed by phasecontrast and polarized-light microscopy. Observations on asbestos fibers
collected on membrane filters suggest that they are chrysotile asbestos and
their average concentrations ranged between 0.036–0.148 fiber per cubic
centimeter (f/cc) (mean 0.075 ± 0.034 f/cc). These fiber counts are
less than the existing Indian Standard (0.5 f/cc). However, fiber counts in
the ingredient mixing locations of all the plants of AC factory are higher
than the proposed Indian Standard (0.1 f/cc). Further improvement in the
pollution mitigation technology is highly desirable in view of the carcinogenic
nature of asbestos that persists for very long time in the biological systems
as well as in the environment. Keywords:Work atmosphere, Asbestos,
Asbestos-cement sheets, Phase-contrast and polarized-Light microscopy.

Evidence of high PM2.5 strong acidity in ammonia-rich atmosphere of
Guangzhou, China: Transition in pathways of ambient ammonia to form
aerosol ammonium at [NH4+]/[SO42–] = 1.5
X. Huanga, R. Qiua, Chak K. Chanc, Pathak Ravi Kante,
Source: Atmospheric Research Volume 99, Issues 3–4, March 2011, Pages 488–
495
In this study, 24-h PM2.5 samples were collected using Harvard
Honeycomb denuder/filter-pack system during different seasons in 2006 and
2007 at an urban site in Guangzhou, China. The particles collected in this
study were generally acidic (average strong acidity ([H+]) ~ 70 nmol m−
3). Interestingly, aerosol sulfate was not fully neutralized in the ammoniarich atmosphere (NH3 ~ 30 ppb) and even when NH4+]/[SO42−] was
larger than 2. Consequently, strong acidity ([H+]) as high as 170 nmol
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m− 3 was observed in these samples. The kinetic rate of neutralization of
acidity (acidic sulfate) by ambient ammonia was significantly higher than the
rate of formation of ammonium nitrate involving HNO3 and NH3 for
[NH4+]/[SO42−] ≤ 1.5 and much lower for NH4+]/[SO42−] > 1.5.
Therefore, higher nitrate principally formed via homogeneous gas phase
reactions
involving
ammonia and nitric
acid were observed for
[NH4+]/[SO42−] > 1.5. However, little nitrate, probably formed via
heterogeneous processes e.g. reaction of HNO3 with sea salt or crustal
species, was observed for [NH4+]/[SO42−] ≤ 1.5. These demonstrate a
clear transition in the pathways of ambient ammonia to form aerosol
ammonium at [NH4+]/[SO42−] = 1.5 and evidently explain the observed
high acidity due to the unneutralized sulfate in the ammonium-rich aerosol
(NH4+]/[SO42−] > 1.5). In fact, the measured acidity was almost similar
to the excess acid defined as the acid that remains at [NH4+]/[SO42−] =
1.5 due to the un-neutralized fraction of sulfate ([H+] = 0.5[SO42−]).
The presence of high excess acid and ammonium nitrate significantly lowered
the deliquescence relative humidity of ammonium sulfate (from 80% to
40%) in the ammonium-rich samples.

A Classical-Theory-Based Parameterization of Heterogeneous Ice
Nucleation by Mineral Dust, Soot, and Biological Particles in a
Global Climate Model
CORINNA HOOSE ET AL.
JOURNAL OF THE ATMOSPHERIC SCIENCES, VOLUME 67, DOI:
10.1175/2010JAS3425.1
An ice nucleation parameterization based on classical nucleation theory, with
aerosol-specific parameters derived from experiments, has been implemented
into a global climate model—the Community Atmosphere Model (CAM)-Oslo.
The parameterization treats immersion, contact, and deposition nucleation by
mineral dust, soot, bacteria, fungal spores, and pollen in mixed-phase
clouds at temperatures between 08 and 2388C. Immersion freezing is
considered for insoluble particles that are activated to cloud droplets, and
deposition and contact nucleation are only allowed for uncoated, unactivated
aerosols. Immersion freezing by mineral dust is found to be the dominant
ice formation process, followed by immersion and contact freezing by soot.
The simulated biological aerosol contribution to global atmospheric ice
formation is marginal, even with high estimates of their ice nucleation
activity, because the number concentration of ice nucleation active biological
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particles in the atmosphere is low compared to other ice nucleating aerosols.
Because of the dominance of mineral dust, the simulated ice nuclei
concentrations at temperatures below −20°C are found to correlate with
coarse-mode aerosol particle concentrations. The ice nuclei (IN)
concentrations in the model agree well overall with in situ continuous flow
diffusion chamber measurements. At individual locations, the model exhibits a
stronger temperature dependence on IN concentrations than what is observed.
The simulated IN composition (77% mineral dust, 23% soot, and 10-5%
biological particles) lies in the range of observed ice nuclei and ice crystal
residue compositions.

Total column density variations of ozone (O3) in presence of different
types of clouds
G S Meena
J. Earth Syst. Sci. 119, No. 3, June 2010, pp. 249–257
The zenith sky scattered light spectra were carried out using zenith sky UVvisible spectrometer in clear and cloudy sky conditions during May–November
2000 over the tropical station Pune (18°32'N, 73°51'E). These scattered
spectra are obtained in the spectral range 462–498 nm between 75° and
92° solar zenith angles (SZAs). The slant column densities (SCDs) as
well as total column densities (TCDs) of NO2, O3, H2O and O4 are
derived with different SZAs in clear and cloudy sky conditions. The large
enhancements and reductions in TCDs of the above gases are observed in
thick cumulonimbus (Cb) clouds and thin high cirrus (Ci) clouds,
respectively, compared to clear sky conditions. The enhancements in TCDs
of O3 appear to be due to photon diffusion, multiple Mie-scattering and
multiple reflections between layered clouds or isolated patches of optically
thick clouds. The reductions in TCDs due to optically thin clouds are noticed
during the above period. The variations in TCDs of O3 measured under
cloudy sky are discussed with total cloud cover (octas) of different types of
clouds such as low clouds (CL), medium clouds (CM) and high clouds
(CH) during May–November 2000. The variations in TCDs of O3 measured
in cloudy sky conditions are found to be well matched with cloud sensitive
parameter colour index (CI) and found to be in good correlation. The
TCDcloudy are derived using airmass factors (AMFs) computed without
considering cloud cover and CI in radiative transfer (RT) model, whereas
TCDmodel are derived using AMFs computed with considering cloud cover,
cloud height and CI in RT model. The TCDmodel is the column density of
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illuminated cloudy effect. A good agreement is observed between TCDmodel ,
TCDDob and TCDGOME.

Long-term trends and variability in measured multi-spectral aerosol
optical depth over a tropical urban station in India
K. K. Dani, P. Ernest Raj*, P. C. S. Devara, G. Pandithurai, S. M. Sonbawne, R.
S. Maheskumar, S. K. Saha and Y. Jaya Rao
INTERNATIONAL JOURNAL OF CLIMATOLOGY Int. J. Climatol. (2010)
Sun photometer-derived multi-spectral aerosol optical depth (AOD)
measurements made at Pune (18°32'N, 73°51'E), India, during the period
May 1998–December 2007 have been used to examine possible long-term
trends and variability. Long-term mean AOD in the spectral range 380–1020
nm ranged between 0.593 ± 0.11 and 0.220 ± 0.04 with a coefficient of
variation (COV) of 34–49%. Day-to-day variations in AOD at all the
wavelengths in the range 380–870 nm showed significant long-term
increasing trends; the increasing trend at 380 nm being 45% per decade.
AODs are higher at shorter wavelengths in winter (December–February) and
at longer wavelengths in the pre-monsoon months (March–May) which
implies that relatively smaller-sized particles are more in winter and larger
sized particles of soil dust origin are more during the pre-monsoon season.
Overall mean value of Angstrom-size exponent (α) at this urban location is
0.55, and the mean turbidity coefficient (β) is 0.76. Value of α is higher
in winter season compared to the pre-monsoon season. Both α and β
show long-term increasing trends of 25.3% and 8.4% per decade,
respectively, which points out that with increasing urbanisation and human
activity, more and more smaller-sized aerosols are being added to the
atmosphere over the urban regions. Copyright © 2010 Royal Meteorological
Society.

Chemistry of rainwater and aerosols over Bay of Bengal during CTCZ
program
Krishnakant B. Budhavant · P. S. P. Rao · P. D. Safai · R. D. Gawhane · M. P.
Raju
J Atmos Chem (2010) 65:171–183 DOI 10.1007/s10874-011-9187-0
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For the first time, simultaneous study on physical and chemical characteristics
of PM10, PM2.5, and rainwater chemistry was attempted over the Bay of
Bengal in monsoon season of 2009. The aerosols and rainwater samples
were collected onboard ship 'SK-261, ORV Sagar Kanya' during
Oceanographic Observations in the Northern Bay of Bengal under the
Continental Tropical Convergence Zone (CTCZ) program conducted during
16 July to 19 Aug 2009. Aerosol samples collected by PM10 and
PM2.5 were analyzed for various water soluble (Na+, K+, Ca2+, Mg2+, NH4+,
Cl−, SO42− and NO3- and acid soluble (Fe2+, Al3+, Zn2+, Mn3+ and Ni2+)
ionic constituents. The pH of rainwater varied from 5.10 to 7.04. Chloride
ions contributed most to the total ion concentration in aerosol and rainwater,
followed by Na+. Significant contributions of SO42−, NO3− and NH4+ found
in PM2.5, PM10 and high concentrations of TSP and non sea-salt
SO42− over the mid-ocean is attributed to the long range transport of
anthropogenic pollution from the Indian continent. The scavenging ratio was
maximum for coarse particles such as Ca2+ and minimum for fine particles
like NH4+.

Heterogeneity in pre-monsoon aerosol types over the Arabian Sea
deduced from ship-borne measurements of spectral AODs
D. G. Kaskaoutis1, M. C. R. Kalapureddy2, K. Krishna Moorthy3, P. C. S. Devara2,
P. T. Nastos4, P. G. Kosmopoulos4, and H. D. Kambezidis1
Atmos. Chem. Phys., 10, 4893–4908, 2010
Ship-borne sunphotometer measurements obtained in the Arabian Sea (AS)
in the pre-monsoon season (18 April–10 May 2006) during a cruise
campaign (ICARB) have been used to retrieve the Aerosol Optical Depth
(AOD; τ ) and the Ångström wavelength exponent (α). The continents
surrounding the AS produce natural and anthropogenic aerosols that have
distinctive influences on
and its spectral distribution. The α values were
estimated by means of the least-squares method over the spectral bands
340–1020 nm and 340–870 nm. The spectral distribution of AOD in
logarithmic co-ordinates could be fit using a 2nd order polynomial with
higher accuracy in the wavelength band 340– 1020 nm than in the 340–
870 nm band. A polynomial fit analytically parameterizes the observed
wavelength dependencies of AOD with least errors in spectral variation of α
and yields accurate estimates of the coefficients (a1 and a2). The coarsemode (positive curvature in the lnτλ vs. lnλ) aerosols are mainly depicted
in the Northern part of the AS closely associated with the nearby arid areas
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while fine-mode aerosols are mainly observed over the far and coastal AS
regions. In the study period the mean AOD at 500 nm is 0.25±0.11 and
the α340−1020 is 0.90±0.19. The α340−870 exhibits similar values
(0.92±0.18), while significant differences revealed for the constant terms of
the polynomial fit (a1 and a2) proportionally to the wavelength band used
for their determination. Observed day-to-day variability in the aerosol load
and optical properties are direct consequence of the local winds and airmass trajectories along with the position of the ship.

Pre-monsoon aerosol optical properties and spatial distribution over the
Arabian Sea during 2006
M.C.R. Kalapureddy*, P.C.S. Devara
Atmospheric Research 95 (2010) 186–196
This paper presents the results of ship cruise and land observations of
columnar aerosol characteristics over the Arabian Sea (AS) and at an inland urban station Pune, in the western part of India, during the premonsoon 2006. Aerosol loading is found to decrease significantly from Pune
and west coast of India to far away from the Indian west coast over AS.
Relative dominance of coarse-mode particles is observed over pristine
oceans, while dominance of finemode aerosols is noticed under certain
occasions. Curvature of multi-spectral AOT variations is also found to be
larger over Far AS (FAS) and Mid AS (MAS) regions, where the aerosol
loading seems to be very low, compared to that over Coastal AS (CAS)
region. Predominance of coarseand fine-mode aerosols is found over
Northern AS (NAS) and Southern AS (SAS) regions, respectively, along
the meridional direction of AS. Surface radiative cooling due to aerosols is
found to be more intense over CAS and NAS regions. It is shown that the
combination of Angstrom exponent (α) and its second order (α') could
delineate aerosol type and loading.

Absorbing aerosols facilitate transition of Indian monsoon breaks to
active spells
M. G. Manoj • P. C. S. Devara • P. D. Safai • B. N. Goswami
Clim Dyn DOI 10.1007/s00382-010-0971-3
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While some long breaks of monsoon intraseasonal oscillations (MISOs) are
followed by active spells (BFA), some others are not (BNFA). The
circulation during BFA (BNFA) cases helps (prevents) accumulation of
absorbing aerosols over central India (CI) resulting in almost three times
larger Aerosol Index (AI) over CI, during BFA cases compared to BNFA
cases. A seminal role played by the absorbing aerosols in the transition
from break to active spells is unraveled through modification of the north–
south temperature gradient at lower levels. The meridional gradient of
temperature at low level (ΔT) between aerosol-rich CI and pristine
equatorial Indian Ocean is large (>6°C) and sustains for long time (>10
days) during BFA leading to significant moisture convergence to CI. The
stability effect arising from surface cooling by the aerosols is overcome by
the enhanced moisture convergence creating a moist static unstable
atmosphere conducive for the large-scale organized convection over the CI
region leading to the resurgence of active spells. The moisture convergence
induced by ΔT was also able to overcome possible aerosol indirect effect
(Twomey effect) and initiate deep convection and transition to active
condition. During BNFA cases, however the maximum DT, which was weaker
than the BFA cases by more than 1.5°C, could not sustain required
moisture convergence and failed to lead to a sustained active spell. Using
data from MODIS (MODerate resolution Imaging Spectroradiometer) onboard
Terra and several other input parameters from various satellites for the
period 2000–2009, the aerosol induced radiative forcing representative of two
regions—the CI to the north and the pristine ocean to the south—were
estimated and support the differences in observed ΔT during the two cases.
Our results highlight the need for proper inclusion of absorbing aerosols in
dynamical models for simulation of the observed variability of MISOs and
their extended range prediction.

Source characterization for aerosol constituents and changing roles of
calcium and ammonium aerosols in the neutralization of aerosol
acidity at a semi-urban site in SW India
P.D. Safai* , K.B. Budhavant, P.S.P. Rao, K. Ali, A. Sinha
Atmospheric Research 98 (2010) 78–88
Atmospheric aerosolswere collected at a semi-urban site in Pune city,
located in the southwestern part of India, during the year 2007–08 covering
different seasons. Anthropogenically derived particles (Non seasalt and non
crustal fractions of SO4, Cl, K, Ca andMg togetherwithNO3, NH4, Cu, Zn
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and black carbon) contributed about 73% of the total measured TSP.
Natural sources like sea (16%) and soil (11%) contributed about 27% to
the total measured composition of TSP on annual basis. Surprisingly,
Cawhich is generally observed fromcrustal source, showed equal contribution
from crustal and anthropogenic sources and was the major neutralizer of
aerosol acidity in summer and monsoon seasons. NH4 was the most
abundant component on annual average basis among the measured chemical
components and also it was the leading neutralizer of aerosol acidity during
post-monsoon and winter seasons. Aerosols showed alkaline nature (mean
annual pH6.51 andNeutralization Potential/Acidic Potential ratio 1.45) due to
the neutralizing effect of Ca and NH4.

Atmospheric aerosol formation and its growth during the cold season in
India
D.M. Chate, P. Murugavel
J. Earth Syst. Sci. 119, No. 4, August 2010, pp. 471–477
The effects of molecular diffusivity of H2SO4 and NH3 vapours on nucleated
particles of SO42- and NO3- species are reported. Condensation sink and
source rate of H2SO4 and NH3 vapours, growth rates and ratios of real to
apparent nucleation rates are calculated for SO42- and NO3- aerosols using
fractional contributions of them in total aerosol size-distribution during the
measurement period at Pune, reported in Chate and Pranesha (2004). The
percentage of nucleated H2SO4 and NH3 aerosols of mid-point diameter 13
nm are 2% and 3% respectively of the total particles (13 nm ≤ Dp ≤ 750
nm) for both H2SO4 and NH3 diffusion. In the diameter range 75 nm ≤
Dp ≤ 133 nm, it is 48% and 45% of H2SO4 and NH3 aerosols,
respectively for NH3 diffusion and 43% and 36% of H2SO4 and NH3 for
H2SO4 diffusion. Increase in percentage of nucleated particles of these
species corresponding to mid-point diameter 133 nm around 0900 h IST is
significantly higher than that of mid-point diameter 13 nm and it is due to
photo-chemical nucleation, coagulation and coalescence among nucleated
clusters. The ratios of real to apparent formation rates for H2SO4 and
NH3 aerosols are 12% and 11% respectively, corresponding to mid-point
diameter 13 nm, 17% and 13%, for midpoint diameter 133 nm and 12% and
9.5%, for mid-point diameter 750 nm. The results indicate that nucleation
involving H2SO4 and acidic NH3 diffusion on H2SO4 and NH3 particles is the
most relevant mechanism in this region.
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Tropospheric ozone (TOR) trend over three major inland Indian cities:
Delhi, Hyderabad and Bangalore
Pavan S. Kulkarni, Sachin D. Ghude and D. Bortoli1
Ann. Geophys., 28, 1879–1885, 2010
An analysis of tropospheric column ozone using the NASA Langley TOR data
during 1979–2005 has been done to investigate the trend over major Indian
cities Delhi, Hyderabad and Bangalore. India was under social democraticbased policies before 1990s. Economic Liberalization began in nineties which
lead to a significant growth in industrial, energy and transport sectors in
major cities. Our analysis shows that there is a systematic increase in the
number of months with higher tropospheric ozone values after 1990. A
comparison of TOR climatology before and after 1990 over these cities
shows evidence of increase in the tropospheric ozone after 1990. Trend
obtained from the model shows significant change during monsoon over Delhi
and during pre-monsoon and post-monsoon over Hyderabad and Bangalore.
The present analysis using TOR technique demonstrates the TOR potential to
detect changes in tropospheric ozone over large cities which are impacted by
large anthropogenic pollution.

Air pollution effect of O3 on crop yield in rural India
S.B. Debajea, A.D. Kakade, S. Johnson Jeyakumar
Journal of Hazardous Materials 183 (2010) 773–779
Measurement of surface ozone (O3) mixing ratio was made from January
2006 to December 2007 in Ahmednagar (19.1°N, 74.8°E, 657mabove sea
level), India. The monthly average of daytime maximum of O3 mixing ratio
ranged from 14 to 57 parts per billion by volume (ppbv) with an annual
average of about 20 ppbv. The estimated winter wheat and summer crop
yield reduction by 10% and 15%, respectively from present O3 pollution level
associated with AOT40 (accumulation exposure of O3 concentration over a
threshold of 40 ppbv) index values 7370–9150 ppbv h in rural areas.
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International Journal of Remote Sensing Vol. 31, No. 9, 10 May 2010,
2257–2264
Association between ENSO and extremes in total ozone content over northern
India
S. D. PATIL and J. V. REVADEKAR
Using daily station total ozone column (TOC) data from the Total Ozone
Mapping Spectrometer (TOMS) onboard the Nimbus-7 satellite, an
association between the El Nin˜o–Southern Oscillation (ENSO) and extremes
in TOC content has been revealed during the period 1979–1993 over
northern India in the winter season. From lag-simultaneous correlations of
extremes in ozone with Niño 3.4 sea surface temperatures (SSTs), it is
seen that, during this season, the highest TOC values show a strong
positive relationship at the beginning of the preceding year with the
occurrence of the highest values for all the stations. A weak relationship is
observed up to the month of July and its sign is then reversed. The
negative but weak relationship continues until the occurrence of the event,
becoming positive again afterwards. On the contrary, the occurrence of the
lowest values shows opposite features. The analysis indicates that the
increase in SSTs during the first half of the preceding year is favourable for
an increase in the highest values occurring over different stations while the
increase in SSTs during the latter half of the preceding year is favourable
for an increase in the lowest values of ozone. The lag-simultaneous
correlations of the low/high ozone days and the mean TOC values occurring
during the winter season also suggest a significant positive relationship for
the frequency of the high ozone days at the beginning of the preceding
year, becoming weaker as time progresses. Although both features show that
the relationship is statistically significant for only a few months of the
preceding year, it gives a broad indication of the association between ENSO
and the extremes in the TOC amount in addition to local/geographical
factors.

Solar cycle variability in middle atmospheric ozone over tropics
S. Fadnavis *, G.Beig
International Journal of Remote Sensing Vol. 31, No. 3, 10 February 2010, 565–
573
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To investigate the effects of decadal solar variability in ozone, data obtained
from the Halogen Occultation Experiment (HALOE) onboard Upper
Atmospheric Research Satellite (UARS) during the period 1992–2004 have
been analysed using a multifunctional regression model. Solar effects on
ozone are analysed over the 0–30oN and 0–30oS belts. The solar effect on
ozone is found to be significant in most of the stratosphere (2 ±1.1 to 4 ±
1.6%/100 sfu). It is negligible in the lower mesosphere whereas it is of
the order of 5%/100 sfu in the upper mesosphere. These observed results
are in reasonable agreement with model simulations. Results indicate a
hemispheric symmetry in the tropics. Results obtained in the present study
are also compared with the results obtained by other workers.

Seasonal stratospheric intrusion of ozone in the upper troposphere
over India
S. Fadnavis, T. Chakraborty, and G. Beig
Ann. Geophys., 28, 2149–2159, 2010
The Model for Ozone and Related chemical Tracers-2 (MOZART-2) is
used to examine the evolution of pollutant O3 in the upper troposphere over
the Indian region. Vertical profiles of ozone mixing ratio retrieved from
Microwave Limb Sounder (MLS) aboard Earth Observing System (EOS)
AURA satellite for the period 2005–2009 and Tropospheric Emission
Spectrometer (TES) aboard (EOS) AURA for the period 2006–2007 has
been analyzed. The satellite observations reveal the evidence of downward
propagation of ozone (100–200 ppb) due to stratospheric intrusion during
the winter and pre-monsoon seasons. The regular feature of enhancement of
ozone in the upper troposphere over India is presented. Results obtained by
the MOZART-2 simulations (for years 2000–2005) confirm the observations
and indicate stratospheric intrusion of O3 during winter and pre-monsoon
seasons. Observed enhanced O3mixing ratio in the upper troposphere is
explained by, variation of Potential Vorticity (PV), tropopause pressure,
relative humidity and CO-O3 correlation.

Black carbon aerosols and the third polar ice cap
S. Menon, D. Koch, G. Beig, S. Sahu, J. Fasullo, and D. Orlikowski
Atmos. Chem. Phys., 10, 4559–4571, 2010, doi:10.5194/acp-10-4559-2010
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Recent thinning of glaciers over the Himalayas (sometimes referred to as
the third polar region) have raised concern on future water supplies since
these glaciers supply water to large river systems that support millions of
people inhabiting the surrounding areas. Black carbon (BC) aerosols,
released from incomplete combustion, have been increasingly implicated as
causing large changes in the hydrology and radiative forcing over Asia and
its deposition on snow is thought to increase snow melt. In India BC
emissions from biofuel combustion is highly prevalent and compared to other
regions, BC aerosol amounts are high. Here, we quantify the impact of BC
aerosols on snow cover and precipitation from 1990 to 2010 over the Indian
subcontinental region using two different BC emission inventories. New
estimates indicate that Indian BC emissions from coal and biofuel are large
and transport is expected to expand rapidly in coming years. We show that
over the Himalayas, from 1990 to 2000, simulated snow/ice cover
decreases by ∼0.9% due to aerosols. The contribution of the enhanced
Indian BC to this decline is ∼36%, similar to that simulated for 2000 to
2010. Spatial patterns of modeled changes in snow cover and precipitation
are similar to observations (from 1990 to 2000), and are mainly obtained
with the newer BC estimates.

Variation of ambient SO2 over Delhi
A. Datta · T. Saud · A. Goel · S. Tiwari · S. K. Sharma · M. Saxena · T. K. Mandal
J Atmos Chem (2010) 65:127–143 DOI 10.1007/s10874-011-9185-2
The temporal variation of ambient SO2 and the chemical composition of
particulate matters (PM2.5 and PM10) were studied at National Physical
Laboratory (NPL), New Delhi (28°38′N, 77°10′E). Spatial variation of
SO2 at seven air quality monitoring stations over Delhi was also studied
simultaneously. Wide range of ambient SO2 was recorded during winter
(2.55 to 17.43 ppb) compare to other seasons. SO2 mixing ratio was
recorded significantly high at industrial sites during winter and summer;
however, no significant spatial difference in SO2 mixing ratio was recorded
during monsoon. SO42−/(SO2+SO42−) ratio was recorded high (0.74)
during winter and low (0.69) during summer. Monthly variation of PSCF
was analyzed using HYSPLIT seven days backward trajectories and daily
average SO2 data. PSCF analysis suggests that, during winter (December,
January, February) ambient SO2 at the study site might have contributed
from long distance sources, located towards west and southwest directions;
during monsoon (July, August, September) marine contribution was noticed;
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whereas, during summer (April, May and June) it was from regional
sources (located within few 100 km of study site). During winter there was
significant contribution from the long distance sources located in western
Asia, northwestern Pakistan, Rajasthan and Punjab provinces of India. Coal
used in thermal power plants at Panipat (in the northwestern side) and
Faridabad (in the southeastern side), local industries, soil erosion and
biomass burning may be major contributing factors for SO2 during summer.
The study establishes that the transport sector may not be the major source
of ambient SO2 in Delhi.

A Rain-Induced Soil NOX Emission From India During the Onset
Sachin D. Ghude, D. M. Lal, G. Beig, Ronald van der A and Dipali Sable
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 115, D16304,
doi:10.1029/2009JD013367, 2010
Rain-induced soil NOX emission in the rural regions in India has been
investigated using satellite observations of daily tropospheric NO2 columns
from the Ozone Monitoring Instrument (OMI). We selected three rural
regions with low population density where industrial and transportation
activities are notably less in comparison to other regions of India. We show
that OMI-derived tropospheric NO2 columns capture the NOx pulses from soil
during the onset of the rainy season (June) over the regions considered in
our analysis. Strong enhancements in tropospheric NO2 columns after the
active spell of precipitation and subsequent decrease during the break spell
have been observed. We argue that this enhancement is due to raininduced soil NOx pulsing after the onset of summer monsoon rainfall over
the dry soil in the study regions. Relating OMI tropospheric NO2 columns to
surface NOx emission, soil emission accounts for an average emission flux
of ∼23–28 ng N m−1 s−1 during the pulsing event. Lightning is unlikely to
account for the enhanced OMI tropospheric NO2 columns over the study
regions.

Global distribution of tropospheric ozone and its precursors: a view from
space
SACHIN D. GHUDE, PAVAN S. KULKARNI, G. BEIG, S. L. JAIN and B. C.
ARYA

240

International Journal of Remote Sensing Vol. 31, No. 2, 20 January 2010, 485–
495
Satellite-borne tropospheric ozone measurements obtained from the
tropospheric ozone residual (TOR) method, CO from the MOPITT (at 850
hPa level) measurements and NO2 from the SCIAMACHY measurements for
the three-year period 2003–2005 have been utilized to examine the
distribution of the pollutant sources and long-range transport on a global
scale. Elevated tropospheric ozone columns have been observed over regions
of high NO2 and CO concentrations in the northern and southern
hemispheres. High levels of the tropospheric ozone column have been
observed below about 5oS in the vicinity of the biomass burning regions and
extend from continents out over the Atlantic during October. The seasonal
distribution of tropospheric O3 and its precursors in the southern hemisphere
shows the strong correlation with the seasonal variation of biomass burning
in Africa and South America. Northern hemisphere summer shows the
widespread ozone and CO pollution throughout the middle latitudes. The
inter-hemispheric gradient of ozone and CO found to be decreased during
October. Large-scale transport of the ozone and CO over the Atlantic and
Pacific Oceans has been clearly identified. Strong intercontinental transport
has been observed to occur from west to east along with the mid-latitude
winds in the northern hemisphere.

Concentrations and size distributions of aerosol particles at Maitri
during the passage of cyclonic storms revolving around the continent
of Antarctica
Vimlesh Pant, Devendraa Siingh and A. K. Kamra
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 115, D17202,
doi:10.1029/2009JD013481, 2010
The number size distributions of aerosol particles in the size-range of
0.003–20 µm diameter have been measured at Maitri (70° 45′ 52″S, 11°
44′ 03″E, 117m above mean sea level), Antarctica, when two circumpolar
cyclonic storms passed close to the station during February, 2005. As a
storm approaches toward Maitri, concentration of coarse particles increases by
about an order of magnitude and the number size‐distribution frequently
shows a coarse mode at ∼2 µm, a broad Aitken mode from 0.04 to 0.1
µm and, occasionally, a nucleation mode at 0.018 µm diameter. When the
storm is going away from Maitri, in addition to the coarse mode at ∼2 µm
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and a peak at 0.08 µm diameter, a nucleation mode frequently appears at
< 0.01 µm diameter and the mode existing at 0.018 µm diameter shifts to
0.02−0.04 µm diameter. Particles in the range of 0.008–0.03 µm diameter
grow at the rate of 0.2−0.6 nm h−1 in the case of Storm I, but no
appreciable growth is observed in the case of Storm II. The peak at 0.02–
0.04 µm is often so dominant that it envelops the peak at 0.08 µm
diameter. Results are interpreted in terms of the mixing of continental and
oceanic air masses with the subsidence associated with the storm. The
nucleation mode at 0.01 µm diameter has been associated with the new
particles formed in the outflow at the top of clouds and the coarse mode at
2 µm diameters with the re-suspension of particles from the surface.

Changes in concentration and size distribution of aerosols during fog
over the south Indian Ocean
Vimlesh Pant, C G Deshpande and A K Kamra
J. Earth Syst. Sci. 119, No. 4, August 2010, pp. 479–487
Measurements of the concentration and size distribution of aerosol particles in
the size-ranges of 0.5–20 μm and 16–700 nm diameters were made
during six fog episodes over the south Indian Ocean. Observations show that
concentrations of particles of all sizes start decreasing 1–2 hours before the
occurrence of fog. This decrease is more prominent for coarse particles of
>1 μm diameter and continues until 10–20 minutes before the onset of fog
when particle concentrations in all size ranges rapidly increase by one/two
orders of magnitude in ∼20 minutes. Thereafter, concentrations of particles
of all sizes gradually decrease until the dissipation of fog. After the fog
dissipation, concentrations of coarse mode particles rapidly increase and
restore to their pre-fog levels but concentrations of the Aitken mode particles
decrease slowly and reach their pre-fog levels only after 1–2 hours. The net
effect of fog is to change the bimodal size distributions of aerosols with a
coarse mode at 1.0 μm and an accumulation mode at 40–60 nm to a
power law size distribution. It is proposed that the preferential growth and
sedimentation of the coarse mode hygroscopic particles in the initial phase
cause a large decrease in the aerosol surface area. As a result, the low
vapour pressure gases which were initially being used for the growth of
coarse mode particles now accelerate the growth rates of the accumulation
and Aitken mode particles.
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Scavenging of atmospheric ions and aerosols by drifting snow in
Antarctica
A.K. Kamra , Devendraa Siingh * and Vimlesh Pant
JOURNAL OF ATMOSPHERIC RESEARCH, Atmospheric Research 91 (2009)
215–218
Measurements of the small-, intermediate-, and large-ion concentrations and
the air–earth current density along with simultaneous measurements of the
concentration and size distribution of aerosol particles in the size ranges
4.4–163 nm and 0.5–20 μm diameter are reported for a drifting snow
period after the occurrence of a blizzard at a coastal station, Maitri,
Antarctica. Ion concentrations of all categories and the air–earth current
simultaneously decrease by approximately an order of magnitude as the wind
speed increases from 5 to 10 ms−1. The rate of decrease is the highest
for large ions, lowest for small ions and in-between the two for intermediate
ions. Total aerosol number concentration decreases in the 4.4–163 nm size
range but increases in the 0.5–20 μm size range with wind speed. The
size distribution of the nanometer particles shows a dominant maximum at
~30 nm diameter throughout the period of observations and the height of
the maximum decreases with wind speed. However, larger particles show a
maximum at ~0.7 μm diameter but the height of the maximum increases
with increasing wind speed. The results are explained in terms of scavenging
of atmospheric ions and aerosols by the drifting snow particles.

Chemical characterization of water-soluble aerosols in different
residential environments of semi arid region of India
Aditi Kulshrestha * Deewan Singh Bisht * Jamson Masih * David Massey *
Suresh Tiwari * Ajay Taneja
J Atmos Chem (2009) 62:121–138 DOI 10.1007/s10874-010-9143-4
This paper deals with the atmospheric concentrations of PM5 and
PM2.5 particulate matter and its water soluble constituents along with the size
distribution of ions and spatial variation at three different residential
environments in a semiarid region in India. Samples were collected from the
indoors and outdoors of urban, rural and roadside sites of Agra during
October 2007–March 2008. The mean concentrations of PM2.5 indoors and
outdoors were 178 μgm−3and 195 μgm−3 while the mean concentrations of
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PM5 indoors
and
outdoors
were
231.8
μgm−3 and
265.2
−3
μgm
respectively. Out of the total aerosol mass, water soluble constituents
contributed an average of 80% (33% anions, 50% cations) in PM5 and
70% (29% anions, 43% cations) in PM2.5. The indoor–outdoor ratio of
water soluble components suggested additional aerosol indoor sources at rural
and roadside sites. Indoor–outdoor correlations were also determined which
show poor relationships among concentrations of aerosol ions at all three
sites. Univariate Pearson correlation coefficients among water soluble aerosols
were determined to evaluate the relationship between aerosol ions in indoor
and outdoor air.

Aerosol effects in the UV-B spectral region over Pune, an urban site
in India
S. Panicker, G. Pandithurai, T. Takamura and R. T. Pinker
A. JOURNAL OF GEOPHYSICAL RESEARCH LETTERS, VOL. 36, L10802,
doi:10.1029/2009GL037632, 2009
Collocated measurements of UV-B irradiance and aerosol optical
characteristics have been carried out over Pune, western India from April
2004 to March 2005 to estimate the role of aerosols in UV-B radiation at
the surface. It is found that a unit increases in aerosol optical depth
reduces by about 40–56% of the harmful UV-B radiation that reaches the
site. Ultraviolet-impact on human health is usually characterized by the UVindex (UV-I), and is estimated with the aid of a radiative transfer model
using aerosol and ozone measurements over the site. The index is found to
be in the extreme range (10.1 to 13.5) during premonsoon, high to
extreme (8.5 to 11) during post- monsoon and high (7 to 10) during the
winter seasons, vulnerable to sensitive skin. The estimated UV-I values are
found to be compared well with SCIAMACHY satellite observed UV-I values
with mean ratio of 0.95 ± 0.05.Citation: Panicker,A. S., G. Pandithurai, T.
Takamura, and R. T. Pinker (2009), Aerosol effects in the UV-B spectral
region
over
Pune,
an
urban
site
in
India.

Geophys. Res. Lett., 36, L10802, doi:10.1029/2009GL037632.

Climate change impacts on crop yield, crop water productivity and food
security – A review
Yinhong Kanga, Shahbaz Khanb, Xiaoyi Maa
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Source: Progress in Natural Science Volume 19, Issue 12, 10 December 2009,
Pages 1665–1674
This paper provides a comprehensive review of literature related to the
assessment of climate change impacts on crop productivity using climate,
water and crop yield models. The existing studies present that climate
change models with higher spatial resolution can be a way forward for future
climate projections. Meanwhile, stochastic projections of more than one
climate model are necessary for providing insights into model uncertainties as
well as to develop risk management strategies. It is projected that water
availability will increase in some parts of the world, which will have its own
effect on water use efficiency and water allocation. Crop production can
increase if irrigated areas are expanded or irrigation is intensified, but these
may increase the rate of environmental degradation. Since climate change
impacts on soil water balance will lead to changes of soil evaporation and
plant transpiration, consequently, the crop growth period may shorten in the
future impacting on water productivity. Crop yields affected by climate change
are projected to be different in various areas, in some areas crop yields will
increase, and for other areas it will decrease depending on the latitude of
the area and irrigation application. Existing modelling results show that an
increase in precipitation will increase crop yield, and what is more, crop
yield is more sensitive to the precipitation than temperature. If water
availability is reduced in the future, soils of high water holding capacity will
be better to reduce the impact of drought while maintaining crop yield. With
the temperature increasing and precipitation fluctuations, water availability and
crop production are likely to decrease in the future. If the irrigated areas are
expanded, the total crop production will increase; however, food and
environmental quality may degrade.

Spatio-temporal aerosol optical characteristics over the Arabian Sea
during the pre monsoon season
D. G. Kaskaoutis, M. C. R. Kalapureddy, P. C. S. Devara, P. G. Kosmopoulos, P. T.
Nastos, K. Krishna Moorthy, and H. D. Kambezidis
JOURNAL OF ATMOSPHERIC CHEMISTRY AND PHYSICS
Ship-borne Aerosol Optical Depth (AOD) measurements obtained by a
sunphotometer have been used to retrieve the Ångström wavelength exponent
(α). These measurements were obtained in the Arabian Sea (AS), where
the surrounded arid-region influence is expected, during the pre-monsoon
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season. Spectral variation of Å is typically considered in this study. It is
found that the polynomial fit becomes more accurate in the wavelength band
340–1020nm rather than the 340–870 nm. The coarse-mode (positive
curvature in the ln τα vs ln λ) aerosols are mainly depicted in the
Northern part of the AS closely associated with the nearby arid areas and
fine-mode aerosols are mainly observed over the far and coastal AS
regions. In the study period the mean AOD at 500nm is 0.246±0.114 and
the α340−1020 is 0.904±0.186. The α340−870 exhibits similar values
(0.924±0.179), while significant differences revealed for the constant terms
of the polynomial fit (a1 and a2) proportionally to the wavelength band used
for their determination. Observed day-to-day variability in the aerosol load
and optical properties are direct consequence of the local winds and airmass trajectories along.

Acidity of raindrop by uptake of gases and aerosol pollutants
D.M. Chate, P.C.S. Devara
Atmospheric Environment 43 (2009) 1571–1577
Below-cloud raindrops acidification simulated with a simple model
incorporating gas– liquid equilibriums, gas-phase mass transfer, and catalyzed
SO2 oxidation in aqueous phase with uptake of gases and scavenging of
particles. Ionic contents of various species in raindrops of different size and
pH are computed using one-dimensional time-variant model. The model
results are based on SO2 and NH3 absorption and collection of calcium
aerosols by raindrops with various collection mechanisms. Aqueous
concentrations of (SO2)l and (NH3)l and their ionic components in
raindrops are found to be increased with the fall distance from cloud base
and decrease of drop size. The overall magnitude of pH enhances with the
increase in drop size and transient position of raindrops in the atmosphere
below the cloud base. The elevated ionic calcium in raindrops by impaction
of calcium aerosols of higher inertia neutralizes the acidic components. Acidic
ion contents in smaller droplets are found to be significant and resulted pH
of raindrop increases with the size and neutralizing potential of alkaline
species. The pH values of rainwater contents of predominant size raindrops
in bulk samples corresponding to various rainfall intensities are higher as
against the individual non-evaporating smaller raindrops. Results are important
in view of the impact of showers on earth surfaces during rain containing
large number of smaller droplets as compared to the acidification studies of
bulk rainwater.
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On the variation of the tropospheric ozone over Indian region in
relation to the meteorological parameters
S. D. PATIL, B. THOMPSON and J. V. REVADEKAR
International Journal of Remote Sensing Vol. 30, No. 11, 10 June 2009, 2813–
2826
Using monthly mean satellite measurements of TOMS/SBUV tropospheric
ozone residual (TOR) data and meteorological parameters (tropopause
height (TPH), 200 hPa geopotential height (GPH) and outgoing longwave
radiation (OLR)) during 1979–2001, seasonal variability of TOR data and
their association with meteorological parameters are outlined over the Indian
region. Prominent higher values of TOR (44–48DU, which is higher than
the globally averaged 31.5DU) are observed over the northern parts of the
country during the summer monsoon season (June–September). Similar to
the TOR variation, meteorological parameters (tropopause height, 200 hPa
geopotential height and outgoing longwave radiation) also show higher values
during the summer monsoon season, suggesting an in phase relationship and
strong association between them because of deep convection present during
summer monsoon time. The monthly trends in TOR values are found to be
positive over the region. TOR has significant positive correlations (5% level)
with GPH, and negative correlations with OLR and TPH for the month of
September. The oxidation chains initiated by CH4 and CO show the
enhanced photochemical production of ozone that would certainly become
hazardous to the ecological system. Interestingly, greenhouse gases (GHG)
emissions were found to have continuously increased over the Indian region
during the period 1990–2000, indicating more anthropogenic production of
ozone precursor gases causing higher level of tropospheric ozone during this
period.

Recent extremes in total ozone content over the northern parts of
India in view of the Montreal Protocol
J. V. REVADEKAR* and S. D. PATIL
International Journal of Remote Sensing Vol. 30, Nos. 15–16, August 2009, 3967–
3974
The Montreal Protocol on substances that deplete the ozone layer entered
into force on 1 January 1989. One of the major questions is whether or not
the atmosphere is on the path to ozone recovery due to the implementation
247

of the Montreal Protocol and its amendments. In view of this, the frequency
of the low/high ozone days and lowest /highest total ozone content (TOC)
values have been analysed over the northern parts of India in the winter
season for the time periods 1979–1988 and 1997–2005. Daily station total
ozone data from TOMS on the Nimbus-7 (1979–1988) and Earth Probe
(1997–2005) satellites of the National Aeronautics and Space Administration
(NASA)/Goddard Space Flight Center (GSFC) during the period 1979–
2005 are used in the present analysis. Stations located to the north of
20oN latitude regions of India have been chosen for the study. To compare
the recent changes with extremes prior to the implementation of the Montreal
Protocol, statistical percentile thresholds are computed based on the daily
ozone data during winter months (January and February) for the period
1979–1988, and using these percentile threshold values extremes in TOC
are computed for both time periods (1979–1988 and 1997–2005) to
determine whether the day is a low, high or normal ozone day. Trends in
extremes in TOC over northern India during the recent period (1997–2005)
compared to the period prior to the implementation of the Montreal Protocol
(1979–1988) in general indicate recovery of TOC either in terms of
opposite trends or similar trends that are less in magnitude. However, most
of the trends are statistically insignificant, probably due to the dynamic
variability of the atmosphere.

Identification of aerosol type over the Arabian Sea in the premonsoon
season during the Integrated Campaign for Aerosols, Gases and
Radiation Budget (ICARB)
M. C. R. Kalapureddy, D. G. Kaskaoutis, P. Ernest Raj, P. C. S. Devara, H. D.
Kambezidis, P. G. Kosmopoulos, and P. T. Nastos
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 114, D17203,
doi:10.1029/2009JD011826, 2009
A discrimination of the different aerosol types over the Arabian Sea (AS)
during the Integrated Campaign for Aerosols, Gases and Radiation Budget
(ICARB-06) is made using values of aerosol optical depth (AOD) at 500
nm (AOD500) and Ångström exponent (α) in the spectral band 340–1020
nm (α340– 1020). For this purpose, appropriate thresholds for AOD500 and
α340– 1020 are applied. It is shown that a single aerosol type in a given
location over the AS can exist only under specific conditions while the
presence of mixed aerosols is the usual situation. Analysis indicates that the
dominant aerosol types change significantly in the different regions (coastal,
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middle, and far) of AS. Thus the urban/industrial aerosols are mainly
observed in coastal AS, the desert dust particles occur in the middle and
northern AS, while clear maritime conditions mainly occur in far AS. Spectral
AOD and Ångström exponent data were analyzed to obtain information about
the adequacy of the simple use of the Ångström exponent and spectral
variation of a for characterizing the aerosols. Using the least squares
method, a is calculated in the spectral interval 340–1020 nm along with the
coefficients a1 and a2 of the second-order polynomial fit to the plotted
logarithm of AOD versus the logarithm of wavelength. The results show that
the spectral curvature can effectively be used as a tool for their
discrimination, since the fine mode aerosols exhibit negative curvature, while
the coarse mode particles exhibit positive curvature. The correlation between
the coefficients a1 and a2 with the Ångström exponent, and the atmospheric
turbidity, is further investigated.

Brown Clouds over South Asia: Biomass or Fossil Fuel Combustion?
Örjan Gustafsson*, Martin Kruså , Zdenek Zencak, Rebecca J. Sheesley ,
Lennart Granat , Erik Engström, P. S. Praveen, P. S. P. Rao, Caroline Leck and
Henning Rodhe
Science 323, 495 (2009); DOI: 10.1126/science.1164857
Carbonaceous aerosols cause strong atmospheric heating and large surface
cooling that is as important to South Asian climate forcing as greenhouse
gases, yet the aerosol sources are poorly understood. Emission inventory
models suggest that biofuel burning accounts for 50 to 90% of emissions,
whereas the elemental composition of ambient aerosols points to fossil fuel
combustion. We used radiocarbon measurements of winter monsoon aerosols
from western India and the Indian Ocean to determine that biomass
combustion produced two-thirds of the bulk carbonaceous aerosols, as well
as one-half and two-thirds of two black carbon subfractions, respectively.
These constraints show that both biomass combustion (such as residential
cooking and agricultural burning) and fossil fuel combustion should be
targeted to mitigate climate effects and improve air.

Spatio-Temporal Variations in Aerosol Properties Over the Deccan
Plateau Region, IndiaP. ERNEST RAJ, P.C.S. DEVARA, S.K. SAHA, K.K.
DANI AND R.S. MAHESKUMAR
Poll Res. 28 (4) : 547-553 (2009)
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Multi-wavelength sun photometric measurements of atmospheric aerosols,
ozone and precipitable water have been made as part of the Indian Space
Research Organization's (ISRO) Land Campaign Experiment-2004 over the
Deccan Plateau region in India encompassing the geographical region 73o to
79o E longitude and 15o to 19o N latitude. Aerosol characteristics showed
considerable spatial and temporal variability. Column integrated aerosol optical
depth in the region varied between 0.3 and 0.6. Aerosol size distributions
in this region showed both mono-modal and bi-modal nature. Aerosol
radiative forcing estimates showed a cooling effect in the surface layers with
a negative forcing in the range 12 - 53 W/m2. Total column ozone
measured by the ground-based technique varied from 237 to 265 DU and
these values agreed very well with those measured by satellite.

Generation and growth of aerosols over Pune, India
P. Murugavel*, D.M. Chate
Atmospheric Environment 43 (2009) 820–828
The measured physical size distributions of sub-micron particles during cold
season at Pune, India are analyzed to explore the characteristics of
nucleation and growth properties. Preliminary analysis of aerosol size
distribution in time-series shows large increase in number concentration due
to nucleation events between 0800 h and 1030 h at this location. The
observable quantities such as condensable vapor concentration (C), its
source rate (Q), growth rate (GR) and condensable sink (CS) are
estimated from the time-series evolutions of aerosol size distributions. The
concentration of vapor and its source rate were about 19.8 ± 2.15 x
107 molecules cm-3 and 1.28 ± 0.084 x 107cm-3 s-1 respectively. The
average condensation sink and growth rate were 7.1 ± 0.4 x 10-2 s-1 and
16.95 ± 1.86 nm h-1 respectively during the growth period. The values are
high enough to trigger the nucleation bursts and enhance subsequent growth
rates of nucleation mode particles at this location. The magnitudes are in
the range of those observed at New Delhi, India and much higher than
those of European cities. The ratio of apparent to real nucleation rate is
found to be a measure of number concentration of freshly produced particles
by photo-chemical nucleation. The predicted number concentrations
corresponding to measured distributions of mid-point diameter increases with
the size for both 1 nm nucleated clusters and 3 nm particles. The database
of all the possible event days and the event characteristics forms the basis
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for future works into the causes and implications of atmospheric particle
formation at this location.

On some aspects of tropospheric ozone variability over the IndoGangetic (IG) basin, India
PAVAN S. KULKARNI, S. L. JAIN, SACHIN D. GHUDE, B. C. ARYA, P. K.
DUBEY and SHAHNAWAZ
International Journal of Remote Sensing Vol. 30, Nos. 15–16, August 2009, 4111–
4122
To study tropospheric ozone variability over the Indo-Gangetic (IG) basin,
monthly tropospheric ozone residual (TOR) data has been analysed for the
1979–2004 period. Tropospheric column ozone has been observed to have
a maximum during late summer (48±4.1 DU) and a minimum during late
winter (30±4.2DU)over the IG basin. The amplitude of the seasonal cycle
has been observed to be comparatively larger over the western part of the
IG region (∼51±2.3 DU) than over the central (∼47±3.2 DU) and
eastern parts (∼47±3.2 DU) of the region. Similarly, the seasonal variation
in tropospheric ozone has been observed to be comparatively larger over the
western part of the IG region (∼22 DU) than over the central (∼18 DU)
and eastern parts (∼17 DU) of the region. The difference in tropospheric
ozone amount over the eastern and western parts of the IG region also
shows seasonal variation with a large difference (up to 4 DU) during the
monsoon season. The monsoon system plays an important role in the
seasonal variation of the tropospheric ozone over the different parts of the
IG region.

Study of successive contrasting monsoons (2001–2002) in terms of
aerosol variability over a tropical station Pune, India
R. L. Bhawar and P. C. S. Devara
Atmos. Chem. Phys. Discuss., 9, 6957–6977, 2009
The present study confirms that aerosols play a major role in cloud
formation and affect significantly the precipitation over a regional scale. The
study here shows that there is a high variability of aerosol index during a
bad monsoon year 2002 indicating an extension of cycle to more than 100
days from a normal 50 day cycle of absorbing and non- absorbing aerosols
251

over a tropical urban station Pune. Pre-monsoon 2002 shows a high
loading of coarse mode aerosols (absorbing aerosols) which indicates
vertical and horizontal temperature variations in turn affecting the seasonal
rainfall at a regional scale. Cloud formation highly depends on aerosol
concentration, where surface meteorological features are essential to initiate
the process. The surface temperatures were high during the pre-monsoon of
2002 as compared to 2001. The effect of wind speed though, complicated
to understand, reveal low values in 2002 with high aerosol optical depth
and vice versa in 2001.

Surface ozone variability over western Maharashtra, India
S.B. Debajea , A.D. Kakadeb
Journal of Hazardous Materials 161 (2009) 686-700
We present the simultaneous field measurements of surface ozone (03)
made at the five different sites of western Maharashtra, India for the period
betWeen 2001 and 2005. Seasonal variation in 03 shows a pronounced
maximum concentration about 40-50 ppbv in the summer and winter season
in the urban site and similar concentration of 03 is also observed in the
rural site despite less emission of precursor gases. The increase in
03 concentration is observed in the sugar factory premises during sugarcane
crushing period. Diurnal patterns in 03 do not show daytime in situ
photochemical buildup at high altitude mountain site. The higher
03 concentration is observed in the morning hours near to the dam than at
urban and rural sites. These variations in 03 indicate that the local pollutants
are major contributors to the 03 concentrations at the urban and rural sites,
while regional transport plays a role at high altitude mountains site. Model
simulations using a Eulerian photochemical model have also been carried out
with the available data. The comparison of model results with observation
shows that a diurnal and seasonal pattern is in good agreement.

Extremes in total ozone content over northern India
S. D. PATIL* and J. V. REVADEKAR
International Journal of Remote Sensing Vol. 30, No. 9, 10 May 2009, 2389–2397
Using daily station total ozone data from TOMS on Nimbus-7 (1979–1993)
and Earth Probe (1997–2005) satellites of National Aeronautics and Space
Administration (NASA)/Goddard Space Flight Center (GSFC) during the
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period 1979–2005, the characteristic features of extremes in the total ozone
content and the frequency of the low/high ozone days have been carried
out over the northern parts of India in the winter season. Stations located in
the north of 20uN latitude regions of India have been chosen for the study.
To determine whether the day is a low, high or normal ozone day, the
statistical percentile thresholds are computed based on the daily data during
winter months (January and February). It has been observed that the
trends in the frequency of low ozone days are increasing and for the high
ozone days are decreasing during 1979–1993. Similarly the trends in the
highest total ozone reaching during January and February are decreasing.
The recent period (1997–2005) shows opposite trends that are not
statistically significant or stable during the period. Even the mean total ozone
during January and February for the period 1979–1993 show the decreasing
trends. Overall the trends in the total ozone extremes and the frequency of
low/high ozone days are found to be decreasing over the northern parts of
India during the winter season.

Exposure-plant response of ambient ozone over the tropical Indian
region
S. Deb Roy, G. Beig, and Sachin D. Ghude
Atmospheric Chemistry and Physics, 9, 5253–5260, 2009
A high resolution regional chemistry-transport model has been used to study
the distribution of exposureplant response index (AOT40, Accumulated
exposure Over a Threshold of 40 ppb, expressed as ppb h) over the
Indian geographical region for the year 2003 as case study. The directives
on ozone pollution in ambient air provided by United Nations Economic
Commission for Europe (UNECE) and World Health Organization (WHO)
for vegetation protection (AOT40) have been used to assess the air
quality. A substantial temporal and spatial variation in AOT40 values has
been observed across the Indian region. Large areas of India show ozone
values above the AOT40 threshold limit (3000 ppb h for 3 months).
Simulated AOT40 values are found to be substantially higher throughout the
year over the most fertile Indo-Gangetic plains than the other regions of
India, which can have an adverse effect on plants and vegetation in this
region. The observed monthly AOT40 values reported from an Indian station,
agree reasonably well with model simulated results. There is an
underestimation of AOT40 in the model results during the periods of highest
ozone concentration from December to March. We find that the simulated
AOT40 target values for protection of vegetation is exceeded even in
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individual months, especially during November to April. Necessary and
effective emission reduction strategies are therefore required to be developed
in order to curb the surface level ozone pollution to protect the vegetation
from further damage in India whose economy is highly dependent on
agricultural sector and may influence the global balance.

Aerosol effect on cloud droplet size as monitored from surface-based
remote sensing over East China Sea region
G. Pandithurai, T. Takamura, J. Yamaguchi, K. Miyagi, T. Takano, Y. Ishizaka, S.
Dipu and A. Shimizu
JOURNAL OF GEOPHYSICAL RESEARCH LETTERS, VOL. 36, L13805,
doi:10.1029/2009GL038451, 2009
The effect of increased aerosol concentrations on the low-level, nonprecipitating, ice-free stratus clouds is examined using a suite of surfacebased remote sensing systems. Cloud droplet effective radius and liquid
water path are retrieved using cloud radar and microwave radiometer.
Collocated measurements of aerosol scattering coefficient, size distribution and
cloud condensation nuclei (CCN) concentrations were used to examine the
response of cloud droplet size and optical thickness to increased CCN
proxies. During the episodic events of increase in aerosol accumulation-mode
volume distribution, the decrease in droplet size and increase in cloud optical
thickness is observed. The indirect effect estimates are made for both droplet
effective radius and cloud optical thickness for different liquid water path
ranges and they range 0.02– 0.18 and 0.005 – 0.154, respectively. Data
are also categorized into thin and thick clouds based on cloud geometric
thickness (Dz) and estimates show IE values are relatively higher for
thicker clouds. Citation: Pandithurai, G., T. Takamura, J. Yamaguchi, K.
Miyagi, T. Takano, Y. Ishizaka, S. Dipu, and A. Shimizu (2009), Aerosol
effect on cloud droplet size as monitored from surface-based remote sensing
over East China Sea region, Geophys. Res. Lett., 36, L13805,
doi:10.1029/ 2009GL038451.

Quasi-biennial oscillation in ozone and temperature over tropics
S. Fadnavis , G.Beig
Journal of Atmospheric and Solar-Terrestrial Physics 71(2009) 257–263
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Spatiotemporal variations of the quasi-biennial oscillation(QBO)in temperature
and ozone over the tropical–subtropical belts(40oN–40oS) have been studied
using Microwave Limb Sounder data for the period 1992–1999. Wavelet
analysis has been performed to study inter-annual variations in amplitude
and phases of the QBO. Latitude-height cross-sections of the amplitudes of
temperature and ozone QBO exhibit a double-peak structure near the
equator. Phase structure reveals that the temperature QBO descended faster
than the ozone QBO. Cross-wavelet analysis shows an anti-phase relation
between the amplitudes of the temperature and ozone QBO in the upper
stratospheric region, whereas in-phase relation exists in the middle
stratospheric region.

A Spatial distribution of aerosol black carbon over India during premonsoon season
S. Naseema Beegum, K. Krishna Moorthy , S. Suresh Babu , S.K. Satheesh, V.
Vinoj, K.V.S. Badarinath, P.D. Safai, P.C.S. Devara, Sacchidanand Singh,
Vinodf, U.C. Dumka, P. Pant
Atmospheric Environment 43 (2009) 1071–1078
Aerosol black carbon (BC) mass concentrations ([BC]), measured
continuously during a mutli-platform field experiment, Integrated Campaign for
Aerosols gases and Radiation Budget (ICARB, March–May 2006), from a
network of eight observatories spread over geographically distinct environments
of India, (which included five mainland stations, one highland station, and
two island stations (one each in Arabian Sea and Bay of Bengal)) are
examined for their spatio-temporal characteristics. During the period of study,
[BC] showed large variations across the country, with values ranging from
27mgm-3 over industrial/urban locations to as low as 0.065 mgm-3 over
the Arabian Sea. For all mainland stations, [BC] remained high compared to
highland as well as island stations. Among the island stations, Port Blair
(PBR) had higher concentration of BC, compared to Minicoy (MCY),
implying more absorbing nature of Bay of Bengal aerosols than Arabian Sea.
The highland station Nainital (NTL), in the central Himalayas, showed low
values of [BC], comparable or even lower than that of the island station
PBR, indicating the prevalence of cleaner environment over there. An
examination of the changes in the mean temporal features, as the season
advances from winter (December–February) to pre-monsoon (March–May),
revealed that: (a) Diurnal variations were pronounced over all the mainland
stations, with an afternoon low and a nighttime high; (b) At the islands,
255

the diurnal variations, though resembled those over the mainlands, were less
pronounced; and (c) In contrast to this, highland station showed an
opposite pattern with an afternoon high and a late night or early morning
low. The diurnal variations at all stations are mainly caused by the dynamics
of local Atmospheric Boundary Layer (ABL). At the entire mainland as well
as island stations (except HYD and DEL), [BC] showed a decreasing
trend from January to May. This is attributed to the increased convective
mixing and to the resulting enhanced vertical dispersal of species in the
ABL. In addition, large short-period modulations were observed at DEL and
HYD, which appeared to be episodic. An examination of this in the light of
the MODIS-derived fire count data over India along with the back-trajectory
analysis revealed that advection of BC from extensive forest fires and
biomass-burning regions upwind were largely responsible for this episodic
enhancement in BC at HYD and DEL.

Satellite derived trends in NO2 over the major global hotspot regions
during the past decade and their inter-comparison
Sachin D. Ghudea, R.J. Van der A, G. Beig, S. Fadnavis, S.D. Polade
Environmental Pollution 157 (2009) 1873–1878
We assessed satellite derived tropospheric NO2 distribution on a global scale
and identified the major NO2 hotspot regions. Combined GOME and
SCIAMACHY measurements for the period 1996–2006 have been used to
compute the trends over these regions. Our analysis shows that tropospheric
NO2 column amounts have increased over the newly and rapidly developing
regions like China (11 ± 2.6%/year), south Asia (1.76 ± 1.1%/year),
Middle East (2.3 ± 1%/year) and South Africa (2.4 ± 2.2%/year).
Tropospheric NO2 column amounts show some decrease over the eastern US
(-2 ± 1.5%/year) and Europe (0.9 ± 2.1%/year). We found that
although tropospheric NO2 column amounts decreased over the major
developed regions in the past decade, the present tropospheric NO2 column
amounts over these regions are still significantly higher than those observed
over newly and rapidly developing regions (except China). Tropospheric
NO2 column amounts show some decrease over South America and Central
Africa, which are major biomass burning regions in the Southern Hemisphere.
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Black carbon and chemical characteristics of PM10 and PM2.5 at an
urban site of North India
Suresh Tiwari * Atul K. Srivastava * Deewan S. Bisht * Tarannum Bano *
Sachchidanand Singh * Sudhamayee Behura * Manoj K. Srivastava * D. M.
Chate * B. Padmanabhamurty
J Atmos Chem (2009) 62:193–209 DOI 10.1007/s10874-010-9148-z
The concentrations of PM10, PM2.5 and their water-soluble ionic species were
determined for the samples collected during January to December, 2007 at
New Delhi (28.63° N, 77.18° E), India. The annual mean PM10 and
PM2.5concentrations (± standard deviation) were about 219 (± 84) and 97
(±56) μgm−3 respectively, about twice the prescribed Indian National
Ambient Air Quality Standards values. The monthly average ratio of PM2.5/
PM10 varied between 0.18 (June) and 0.86 (February) with an annual
mean of ∼0.48 (±0.2), suggesting the dominance of coarser in summer
and fine size particles in winter. The difference between the concentrations
of PM10 and PM2.5, is deemed as the contribution of the coarse fraction
(PM10−2.5). The analyzed coarse fractions mainly composed of secondary
inorganic aerosols species (16.0 μgm−3, 13.07%), mineral matter (12.32
μgm−3, 10.06%) and salt particles (4.92 μgm−3, 4.02%). PM2.5 are
mainly made up of undetermined fractions (39.46 μgm−3, 40.9%),
secondary inorganic aerosols (26.15 μgm−3, 27.1%), salt aerosols (22.48
μgm−3, 23.3%) and mineral matter (8.41 μgm−3, 8.7%). The black
carbon aerosols concentrations measured at a nearby (∼300 m) location to
aerosol sampling site, registered an annual mean of ∼14 (±12) μgm−3,
which is significantly large compared to those observed at other locations in
India. The source identifications are made for the ionic species in PM10 and
PM2.5. The results are discussed by way of correlations and factor analyses.
The significant correlations of Cl−, SO42-, K+, Na+, Ca2+, NO3- and
Mg2+ with PM2.5 on one hand and Mg2+ with PM10 on the other suggest
the dominance of anthropogenic and soil origin aerosols in Delhi.

The concentration and number size distribution measurements of the
Marine Boundary Layer aerosols over the Indian Ocean
Vimlesh Pant, C.G. Deshpande, A.K. Kamra
Atmospheric Research 92 (2009) 381–393
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The measurements of total number concentration and number size distribution
of aerosols in size ranges of 16–700 nmand 0.5–20 μmdiameters made
from 14°N to 56°S in the Indian ocean during January 23 to March 31,
2004, are reported. The average values of total number (mass)
concentration of micrometer aerosols (0.5–20 μm) are 7.2±3 cm−3 (8.89
μg m−3) from 14°N to the Inter-Tropical Convergence Zone (ITCZ),
4.6±2 cm−3 (4.9 μg m−3) in the ITCZ, 3.0± 1.4 cm−3 (5.78 μg
m−3) in the trade wind region from 8°–30°S, 3.8±2.6 cm−3 (7.9 μg
m−3) from 30°–40°S, and 5.8±3.5 cm−3 (9.65 μg m−3) in the
roaring forties from 40°–56°S. Latitudinal distribution of such aerosols shows
that their number concentration is minimum (0.5 cm−3) at 11°S and
increases on either side of this location. Size distributions of micrometer
aerosols in all latitudinal belts show maxima in coarse mode at 0.5–1.5 μm
diameter. The correlation coefficient in the aerosol concentration–wind speed
relations of these aerosols is observed to differ in different latitudinal belts
and has maximum value in the belt of strongest winds. Also, diurnal
variations of the average aerosol concentration and wind speed show some
similarity in belts of strong winds. Total number concentration of
submicrometer (16–700 nm) particles is also minimum in the southern trade
wind region and their size distribution is bimodal with maxima in Aitken
mode (~50 nm) and accumulation mode (~130 nm). South of the ITCZ,
concentrations of both, total number and Aitken mode particles normally
increase with latitude. The increase in Aitken mode particles at high latitudes
is large enough for the Aitken mode maxima to superimpose the
accumulation mode maxima. Observations suggest that addition of Aitken
particles is so fast that process of coagulation is not able to reach
equilibrium to develop a distinct accumulation maxima. Observations show
that pristine air of the trade wind region in the Southern Hemisphere can be
advected to mid-latitudes along the ridge developed between anticyclonic and
cyclonic systems.

Atmospheric CO2 study over India: modeling and observations
perspective
Yogesh Tiwari, R Langenfelds, R Reddy, P Steele, R Francey
IOP Conf. Series: Earth and Environmental Science 6 (2009) 042031
doi:10.1088/1755-1307/6/4/042031
CO2 has become the largest contributor among all anthropogenic greenhouse
gases to warming of the global climate [IPCC, 2002]. Developing countries
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account for 73% of the global emissions growth rate in 2004 [Raupach et.
al, 2007]. India has one of the largest and fastest growing economies in
South Asia and is emerging as a major contributor to CO2 emissions among
developing nations. However, there has been relatively little monitoring of
atmospheric CO2 over India to date. Most of the models participating in the
Transcom programme [Gurney et al., 2002] show large uncertainties over
regions of poor data coverage. Establishing new stations over the Indian
region will increase the value of the atmospheric inversion flux estimation
approach. LSCE in France, IIA and CMMACS in India have established two
new surface stations in India in the recent past, with preliminary data now
becoming available [Michel Ramonet, LSCE, personal communication]. The
only long term, surface monitoring site in India, at Cape Rama, was
operated for 10 years between 1993 and 2002 [Bhattacharya et al., 1997;
Francey et al., 2003]. Cape Rama is a maritime site located on the west
coast of India (lat=15.08 N, long=73.83 E, asl = 50meter) which
experiences a seasonal reversal in wind pattern. During the South West
(SW) monsoon it receives clean, marine air from over the Arabian Sea,
while during the remaining period air masses carry the influence of exchange
with continental India. Glass flask air samples collected at Cape Rama were
analysed by gas chromatography at CSIRO Marine and Atmospheric
Research, Australia. Sample collection strategies and analytical methods are
described elsewhere [Francey et al., 1996, 2003]. In this study we have
compared interannual variations of Cape Rama observed CO2 mixing ratio
with model simulations. Simulated CO2 is predicted by the same modeling
framework as in Tiwari et al. [2006]. Atmospheric CO2 for the period from
1993 to 2002 is predicted using the atmospheric transport model TM3
[Heimann and Koerner, 2003] forced with monthly surface fluxes estimated
by Roedenbeck et al. [2003] using inverse methods. The meteorological
transport fields are derived from the NCEP (National Centre for
Environmental Predictions) reanalysis [Kalnay et al., 1996]. CO2
observations (Cape Rama) used for comparisons are non-smoothed baseline
data analysed by Francey et al. [2003]. During the SW monsoon months
(May-August), model and observations show the least difference whereas
during the non-monsoon months differences are larger [Figure 1(A)]. The
root mean square (RMS) difference of residuals (observation–model),
shows similar features [Figure 1(B)]. The simulation underestimated
CO2 during the non-monsoon months. This is unlikely to be due to model
transport but rather the surface fluxes of Roedenbeck et al. [2003] which
most likely do not capture properly the continental signal from the region
because of insufficient data coverage. This indicates that surface fluxes in
this region may be significantly underestimated. It also shows that enhanced
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observational coverage in this region would strongly help us to constrain the
carbon budget over this region.

Secondary organic aerosol formation from m-xylene, toluene, and
benzene
Aerosols' influence on the interplay between condensation, evaporation and rain
in warm cumulus cloud O. Altaratz, I. Koren, T. Reisin, A. Kostinski, G. Feingold,
Z. Levin5, and Y. Yin
Source: Atmos. Chem. Phys., 8, 15-24, 2008 www.atmos-chemphys.net/8/15/2008/ doi:10.5194/acp-8-15-2008
A numerical cloud model is used to study the influence of aerosol on the
microphysics and dynamics of moderate-sized, coastal, convective clouds that
develop under the same meteorological conditions. The results show that
polluted convective clouds start their precipitation later and precipitate less
than clean clouds but produce larger rain drops. The evaporation process is
more significant at the margins of the polluted clouds (compared to the
clean cloud) due to a higher drop surface area to volume ratio and it is
mostly from small drops. It was found that the formation of larger raindrops
in the polluted cloud is due to a more efficient collection process.

Formation and characteristics of ions and charged aerosol particles in a
native Australian Eucalypt forest
T. Suni, M. Kulmala, A. Hirsikk1, T. Bergman, L. Laakso, P. P. Aalto, R.
Leuning, H. Cleugh, S. Zegelin, D. Hughes, E. van Gorsel, M. Kitchen, M. Vana,
U. Hõrrak, S. Mirme, A. Mirme, S. Sevanto, J. Twining, and C. Tadros
Source: Atmos. Chem. Phys., 8, 129-139, 2008 www.atmos-chemphys.net/8/129/2008/ doi:10.5194/acp-8-129-2008
Biogenic aerosol formation is likely to contribute significantly to the global
aerosol load. In recent years, new-particle formation has been observed in
various ecosystems around the world but hardly any measurements have
taken place in the terrestrial Southern Hemisphere. Here, we report the first
results of atmospheric ion and charged particle concentrations as well as of
new-particle formation in a Eucalypt forest in Tumbarumba, South-East
Australia, from July 2005 to October 2006. The measurements were carried
out with an Air Ion Spectrometer (AIS) with a size range from 0.34 to 40
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nm. The Eucalypt forest was a very strong source of new aerosol particles.
Daytime aerosol formation took place on 52% of days with acceptable data,
which is 2–3 times as often as in the Nordic boreal zone. Average growth
rates for negative/positive 1.5–3 nm particles during these formation events
were 2.89/2.68 nmh−1, respectively; for 3-7 nm particles 4.26/4.03, and
for 7–20 nm particles 8.90/7.58 nmh−1, respectively. The growth rates for
large ions were highest when the air was coming from the native forest
which suggests that the Eucalypts were a strong source of condensable
vapours. Average concentrations of cluster ions (0.34–1.8 nm) were
2400/1700 cm−3 for negative/positive ions, very high compared to most
other measurements around the world. One reason behind these high
concentrations could be the strong radon efflux from the soils around the
Tumbarumba field site. Furthermore, comparison between night-time and
daytime concentrations supported the view that cluster ions are produced
close to the surface within the boundary layer also at night but that large
ions are mostly produced in daytime. Finally, a previously unreported
phenomenon, nocturnal aerosol formation, appeared in 32% of the analysed
nights but was clustered almost entirely within six months from summer to
autumn in 2006. From January to May, nocturnal formation was 2.5 times
as frequent as daytime formation. Therefore, it appears that in summer and
autumn, nocturnal production was the major mechanism for aerosol formation
in Tumbarumba.

Assessment of the Impact Produced by the Traffic Source on VOC Level
in the Urban Area of Canosa di Puglia (Italy)
Paolo Bruno, Maurizio Caselli, Gianluigi de Gennaro, Lucia Scolletta, Livia
Trizio, Maria Tutino
Source: Water, Air, and Soil Pollution September 2008, Volume 193, Issue 1-4,
pp 37-50
Volatile organic compounds (VOC) have been monitored in 12 sites of
Canosa di Puglia, a city located in the Southern of Italy, in order to identify
the main VOC source—vehicular traffic or industrial—and to evaluate the
critical situations in the city. Monitoring, carried out by using Radiello®
diffusive samplers, has been planned taking into account the traffic density
and the architecture of the city. From the study of the data it has been
emerged that, among all considered VOC, benzene, toluene, ethylbenzene
and xylenes (BTEX) are the pollutants at higher concentration. However no
critical situation has appared from the present monitoring. Maps of daily
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benzene and toluene concentrations have shown that the most significant
pollution phenomena happens in the center of the urban area which is in a
valley with narrow roads and high buildings that do not allow an efficient
dispersion of pollutants. The study of the diagnostic ratios between the
toluene and benzene concentrations in the several areas (average
T/B = 3.4) and the high Pearson’s coefficient among the pollutants, and in
particular between benzene and toluene concentrations (r = 0.9505), have
suggested that in urban area these pollutants are emitted from the same
source: the vehicular traffic.

Impact of climate change on tropospheric ozone and its global budgets
G. Zeng, J. A. Pyle, and P. J. Young
Source: Atmos. Chem. Phys., 8, 369-387, 2008 www.atmos-chemphys.net/8/369/2008/ doi:10.5194/acp-8-369-2008
We present the chemistry-climate model UMCAM in which a relatively
detailed tropospheric chemical module has been incorporated into the UK Met
Office's Unified Model version 4.5. We obtain good agreements between the
modelled ozone/nitrogen species and a range of observations including
surface ozone measurements, ozone sonde data, and some aircraft
campaigns. Four 2100 calculations assess model responses to projected
changes of anthropogenic emissions (SRES A2), climate change (due to
doubling CO2), and idealised climate change-associated changes in biogenic
emissions (i.e. 50% increase of isoprene emission and doubling emissions
of soil-NOx). The global tropospheric ozone burden increases significantly
for all the 2100 A2 simulations, with the largest response caused by the
increase of anthropogenic emissions. Climate change has diverse impacts on
O3 and its budgets through changes in circulation and meteorological
variables. Increased water vapour causes a substantial ozone reduction
especially in the tropical lower troposphere (>10 ppbv reduction over the
tropical ocean). On the other hand, an enhanced stratosphere-troposphere
exchange of ozone, which increases by 80% due to doubling CO2,
contributes to ozone increases in the extratropical free troposphere which
subsequently propagate to the surface. Projected higher temperatures favour
ozone chemical production and PAN decomposition which lead to high
surface ozone levels in certain regions. Enhanced convection transports ozone
precursors more rapidly out of the boundary layer resulting in an increase of
ozone production in the free troposphere. Lightning-produced NOx increases
by about 22% in the doubled CO2 climate and contributes to ozone
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production. The response to the increase of isoprene emissions shows that
the change of ozone is largely determined by background NOx levels: high
NOx environment increases ozone production; isoprene emitting regions with
low NOx levels see local ozone decreases, and increase of ozone levels in
the remote region due to the influence of PAN chemistry. The calculated
ozone changes in response to a 50% increase of isoprene emissions are in
the range of between −8 ppbv to 6 ppbv. Doubling soil-NOx emissions will
increase tropospheric ozone considerably, with up to 5 ppbv in source
regions.

VOC reactivity in central California: comparing an air quality model to
ground-based measurements
A. L. Steiner1, R. C. Cohen, R. A. Harley, S. Tonse, D. B. Millet, G. W. Schade,
and A. H. Goldstein
Source: Atmos. Chem. Phys., 8, 351-368, 2008 www.atmos-chemphys.net/8/351/2008/ doi:10.5194/acp-8-351-2008
Volatile organic compound (VOC) reactivity in central California is examined
using a photochemical air quality model (the Community Multiscale Air
Quality model; CMAQ) and ground-based measurements to evaluate the
contribution of VOC to photochemical activity. We classify VOC into four
categories: anthropogenic, biogenic, aldehyde, and other oxygenated VOC.
Anthropogenic and biogenic VOC consist of primary emissions, while
aldehydes and other oxygenated VOC include both primary anthropogenic
emissions and secondary products from primary VOC oxidation. To evaluate
the model treatment of VOC chemistry, we compare calculated and modeled
OH and VOC reactivities using the following metrics: 1) cumulative
distribution functions of NOx concentration and VOC reactivity (ROH,VOC),
2) the relationship between ROH,VOC and NOx, 3) total OH reactivity
(ROH,total) and speciated contributions, and 4) the relationship between
speciated ROH,VOC and NOx. We find that the model predicts ROH,total to
within 25–40% at three sites representing urban (Sacramento), suburban
(Granite Bay) and rural (Blodgett Forest) chemistry. However in the urban
area of Fresno, the model under predicts NOx and VOC emissions by a
factor of 2–3. At all locations the model is consistent with observations of
the relative contributions of total VOC. In urban areas, anthropogenic and
biogenic ROH,VOC are predicted fairly well over a range of NOx conditions.
In suburban and rural locations, anthropogenic and other oxygenated
ROH,VOC relationships are reproduced, but calculated biogenic and aldehyde
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ROH,VOC are often poorly characterized by measurements, making evaluation
of the model with available data unreliable. In central California, 30–50% of
the modeled urban VOC reactivity is due to aldehydes and other oxygenated
species, and the total oxygenated ROH,VOC is nearly equivalent to
anthropogenic VOC reactivity. In rural vegetated regions, biogenic and
aldehyde reactivity dominates. This indicates that more attention needs to be
paid to the accuracy of models and measurements of both primary emissions
of oxygenated VOC and secondary production of oxygenates, especially
formaldehyde and other aldehydes, and that a more comprehensive set of
oxygenated VOC measurements is required to include all of the important
contributions to atmospheric reactivity.

Atmospheric Impacts due to Anthropogenic Activities in Remote Areas:
The Case Study of Admiralty Bay/King George Island/Antarctic
Peninsula
M. A. Leal, M. Joppert, M. V. Licínio, H. Evangelista, J. Maldonado, K. C. Dalia,
C. Lima, C. V. Barros Leite, S. M. Correa, Geiza Medeiros, K. Dias da Cunha
Source: Water, Air, and Soil Pollution February 2008, Volume 188, Issue 1-4,
pp 67-80
The aim of the present work is to characterize the local atmospheric
emissions levels and compare them to the component derived from global
pollution in a remote site at South Hemisphere (Admiralty Bay located at
King George Island in Antarctic Peninsula). Airborne particles, snow and
soil/sediments samples were analyzed. Local-produced atmospheric aerosol
dispersion was estimated for metals originated by fossil fuel burning from the
permanent scientific stations using a simplified Gaussian model. Validation of
atmospheric dispersion was established by in situ measurements. Soluble and
insoluble particles deposited in freshly snow and airborne particles were
analyzed by PIXE (Particle Induced X-Ray Emission) for the determination
of the elemental mass concentration and to obtain the Mass Median
Aerodynamic Diameter (MMAD). The results showed significant correlation
between the concentration of atmospheric aerosol and the freshly deposited
particles in the snow, and permitted an estimate of the atmospheric snow
deposition factor for K, Cu, Zn, Fe, Pb, and Ti. Results of long-term
aerosol data compilation suggest that besides the local aerosol sources, the
continental atmospheric transport of airborne particles is not significantly
affected by the airborne particles produced by local human impacts at King
George Island.
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Seasonal Differences in Atmospheric Nitrous Acid near Mediterranean
Urban Areas
Antonio Amoroso, Harry J. Beine, Giulio Esposito, Cinzia Perrino, Maria
Catrambone, Ivo Allegrini
Source: Water, Air, and Soil Pollution February 2008, Volume 188, Issue 1-4,
pp 81-92
The major objective of this paper is to provide insights to sources and sinks
of nitrous acid in urban areas, and their seasonal dependency on
meteorology, photochemistry and long range transport. With this aim, nitrous
acid (HONO) mixing ratios and other compounds were measured in Ashdod
(south of Tel Aviv, Israel), a typical Mediterranean urban area. Statistical
data analysis revealed the expected correlation between HONO and nitrogen
oxides during the autumn campaign when HONO sources appeared to be
traffic-, harbor-, and industry-related. Conversely, during summer HONO and
NO2 were no longer correlated: NO2 at nighttime was probably deposited
onto surfaces, soil and plants, whereas HONO at daytime was likely
destroyed photolytically contributing to the OH concentration. Photolysis was
expected to be the dominant HONO sink at daytime, especially during the
summer period. Using modeled photolytical HONO lifetimes we estimate the
magnitude of heterogeneous and/or organic electron transfer source reactions
of HONO as 6–8 ppbv/h.

Emissions of Greenhouse Gases CH4 and N2O from Low-gradient
Streams in Agriculturally Developed Catchments
Robert J. Wilcock, Brian K. Sorrell
Source: Water, Air, and Soil Pollution February 2008, Volume 188, Issue 1-4,
pp 155-170
Lentic wetlands are usually regarded as the most important natural freshwater
sources of methane (CH4) and nitrous oxide (N2O) to the atmosphere,
and very few studies have quantified the importance of lowland streams in
trace gas emissions. In this study, we estimated fluxes of CH4 and N2O in
three macrophyte-rich, lowland agricultural streams in New Zealand, to place
their trace gas emissions in context with other sources and investigate the
value of minimising their emissions from agricultural land. All three streams
were net sources of both gases, with emission of CH4 ranging from <1 to
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500 μmol m−2 h−1 and of N2O ranging from <1 to 100 μmol m−2 h−1
during mid-summer. For CH4, both turbulent diffusion across the surface and
ebullition of sediment gas bubbles were important transport processes, with
ebullition accounting for 20–60% of the emissions at different sites. The
emissions were similar on a per area basis to other major global sources of
CH4 and N2O. Although small on a catchment scale compared to emissions
from intensively grazed pastures, they were significant relative to low-intensity
pastures and other agricultural land uses. Because hydraulic variables (viz.
depth, velocity and slope) strongly influence turbulent diffusion, complete
denitrification can best proceed to N2 as the dominant end-product (rather
than N2O) in riparian wetlands, rather than in open stream channels where
N2O fluxes are sometimes very large.

Inorganic Pollution in PM10 Particles Collected Over Three French Sites
Under Various Influences: Rural Conditions, Traffic and Industry
André Gaudry, Mélanie Moskura, Clarisse Mariet, Sophie Ayrault, Franck
Denayer, Nadine Bernard
Source: Water, Air, and Soil Pollution September 2008, Volume 193, Issue 1-4,
pp 91-106
PM10 particles were collected over three sites in France. The first one,
Montagney was a rural site that was considered as a reference site. The
second site Saclay, close to a highway, was used to study the influence of
the traffic. The third site was Dunkerque, one of the most industrial areas in
France for the production of steel, aluminium and petroleum refinement. More
than 50 element concentrations were determined by instrumental neutron
activation analysis and inductively coupled plasma–mass spectrometry.
Comparisons between Saclay and Montagney shown that some elements,
considered as crustal elements had similar concentration variations and weak
(close to 1) enrichment factors. Elements with enrichment factors higher
than 10 shown in Montagney correlated variations, with a Winter maximum,
that should be due to Winter heating sources. Over Saclay, most of
elements with high enrichment factors were attributed to the dense traffic of
the highway. This is particularly true for Mn, Fe, Zn, Ba, Sb, Cu. Some
additional elements correlated also, without a particular origin that can be
ascertained. In Dunkerque, the most important industry is steel production.
Correlation studies shown that Tl, Cs, Ba, Ag, Cu, Rb, Se, Mn, Pb
concentration variations were closely associated to the Fe concentration
variations. The second polluting industry is aluminium production. Correlation
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studies allowed to associate Ni, Y, Co, V, rare earth elements, Ti, Sr, Th,
U, Ca, Sc, concentration variations to the aluminium concentration variations.
A third important industry is petroleum refinement. The only element observed
here and that is suspected to be emitted more specifically is La, used in
cracking processes. An important enrichment of La with respect to Ce is
observed. A strong decrease of the ratio Cl/Na was observed over the
three sites, between the beginning of the experiment in Autumn 2005, and
its end in Spring 2006. This was attributed to a release of gaseous HCl,
produced by acidification of aerosols by other pollutants like NO x and SO x
, that should have been oxidized to NO2 and SO3, then dissolved in the
aerosols. The effects responsible for the loss of Cl, represents a large
surface and long-term pollution event over the North of France. This work
allowed a characterization of the heavy metal concentrations of the aerosol
that will sustain results published in a companion paper, and that concerned
the bio-accumulation of metals by Scleropodium purum, simultaneously
exposed in the same sites.

Simple measures of ozone depletion in the polar stratosphere
R. Müller, J.-U. Groo, C. Lemmen,*, D. Heinze, M. Dameris, and G. Bodeker
Source: Atmos. Chem. Phys., 8, 251-264, 2008 www.atmos-chemphys.net/8/251/2008/ doi:10.5194/acp-8-251-2008
We investigate the extent to which quantities that are based on total column
ozone are applicable as measures of ozone loss in the polar vortices. Such
quantities have been used frequently in ozone assessments by the World
Meteorological Organization (WMO) and also to assess the performance of
chemistry-climate models. The most commonly considered quantities are
March and October mean column ozone poleward of geometric latitude 63°
and the spring minimum of daily total ozone minima poleward of a given
latitude. Particularly in the Arctic, the former measure is affected by vortex
variability and vortex break-up in spring. The minimum of daily total ozone
minima poleward of a particular latitude is debatable, insofar as it relies on
one single measurement or model grid point. We find that, for Arctic
conditions, this minimum value often occurs in air outside the polar vortex,
both in the observations and in a chemistry-climate model. Neither of the
two measures shows a good correlation with chemical ozone loss in the
vortex deduced from observations. We recommend that the minimum of daily
minima should no longer be used when comparing polar ozone loss in
observations and models. As an alternative to the March and October mean
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column polar ozone we suggest considering the minimum of daily average
total ozone poleward of 63° equivalent latitude in spring (except for winters
with an early vortex break-up). Such a definition both obviates relying on
one single data point and reduces the impact of year-to-year variability in
the Arctic vortex break-up on ozone loss measures. Further, this measure
shows a reasonable correlation (r=–0.75) with observed chemical ozone
loss. Nonetheless, simple measures of polar ozone loss must be used with
caution; if possible, it is preferable to use more sophisticated measures that
include additional information to disentangle the impact of transport and
chemistry on ozone.

Simple measures of ozone depletion in the polar stratosphere
Jorge F Magallanes, Leonardo Murruni, Darío Gomez, Patricia Smichowski,
Raquel Gettar
Source: Water, Air, and Soil Pollution February 2008, Volume 188, Issue 1-4,
pp 235-245
This study presents the analysis of two series of concentrations of airborne
particulate matter (APM) collected in two exploratory campaigns aimed at
elucidating the source–receptor problem (SRP) in the metropolitan area of
Buenos Aires. Although several techniques have been previously applied to
interpret these measurements, we have almost exclusively used here the
method of angular distances among objects (ADO) to discuss its
advantages as a tool in understanding environmental questions within the
source–receptor framework. We present a simple method of calculating the
ADO, explain its chemical interpretation and the information that is possible
to get by classifying the angular distances. A comparison among ADO with
principal component analysis and Kohonen artificial neural networks is also
discussed.

Changes in aerosol properties during spring-summer period in the
Arctic troposphere
A.-C. Engvall, R. Krejci, J. Ström, R. Treffeisen, R. Scheele, O. Hermansen,
and J. Paatero
Source: Atmos. Chem. Phys., 8, 445-462, 2008 www.atmos-chemphys.net/8/445/2008/ doi:10.5194/acp-8-445-2008
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The change in aerosol properties during the transition from the more polluted
spring to the clean summer in the Arctic troposphere was studied. A sixyear data set of observations from Ny-Ålesund on Svalbard, covering the
months April through June, serve as the basis for the characterisation of this
time period. In addition four-day-back trajectories were used to describe air
mass histories. The observed transition in aerosol properties from an
accumulation-mode dominated distribution to an Aitken-mode dominated
distribution is discussed with respect to long-range transport and influences
from natural and anthropogenic sources of aerosols and pertinent trace
gases. Our study shows that the air-mass transport is an important factor
modulating the physical and chemical properties observed. However, the airmass transport cannot alone explain the annually repeated systematic and
rather rapid change in aerosol properties, occurring within a limited time
window of approximately 10 days. With a simplified phenomenological model,
which delivers the nucleation potential for new-particle formation, we suggest
that the rapid shift in aerosol microphysical properties between the Arctic
spring and summer is mainly driven by the incoming solar radiation in
concert with transport of precursor gases and changes in condensational sink.

The relationship between tropospheric wave forcing and tropical lower
stratospheric water vapor
S. Dhomse, M. Weber, and J. Burrows
Source: Atmos. Chem. Phys., 8, 471-480, 2008 www.atmos-chemphys.net/8/471/2008/ doi:10.5194/acp-8-471-2008
Using water vapor data from HALOE and SAGE II, an anti-correlation
between planetary wave driving (here expressed by the mid-latitude eddy
heat flux at 50 hPa added from both hemispheres) and tropical lower
stratospheric (TLS) water vapor has been obtained. This appears to be a
manifestation of the inter-annual variability of the Brewer-Dobson (BD)
circulation strength (the driving of which is generally measured in terms of
the mid-latitude eddy heat flux), and hence amount of water vapor entering
the stratosphere. Some years such as 1991 and 1997 show, however, a
clear departure from the anti-correlation which suggests that the water vapor
changes in TLS can not be attributed solely to changes in extratropical
planetary wave activity (and its effect on the BD circulation). After 2000 a
sudden decrease in lower stratospheric water vapor has been reported in
earlier studies based upon satellite data from HALOE, SAGE II and POAM
III indicating that the lower stratosphere has become drier since then. This is
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consistent with a sudden rise in the combined mid-latitude eddy heat flux
with nearly equal contribution from both hemispheres as shown here and
with the increase in tropical upwelling and decrease in cold point
temperatures found by Randel et al. (2006). The low water vapor and
enhanced planetary wave activity (in turn strength of the BD circulation)
has persisted until the end of the satellite data records. From a multivariate regression analysis applied to 27 years of NCEP and HadAT2
(radiosonde) temperatures (up to 2005) with contributions from solar
cycle, stratospheric aerosols and QBO removed, the enhancement wave
driving after 2000 is estimated to contribute up to 0.7 K cooling to the
overall TLS temperature change during the period 2001–2005 when
compared to the period 1996–2000. NCEP cold point temperature show an
average decrease of nearly 0.4 K from changes in the wave driving, which
is consistent with observed mean TLS water vapor changes of about −0.2
ppm after 2000.

Carbon Monoxide in Ouagadougou, Burkina Faso – A Comparison
between Urban Background, Roadside and In-traffic Measurements
Jenny Lindén, Sofia Thorsson, Ingegärd Eliasson
Source: Water, Air, and Soil Pollution February 2008, Volume 188, Issue 1-4,
pp 345-353
Spatial variations of Carbon Monoxide (CO) are examined in the urban
environment of Ouagadougou, Burkina Faso. Focus is given on the variations
between urban background, roadside and in-traffic measurements. Results
show significant differences between the three methods where average intraffic values were 2–3 times higher than average roadside values and 10–
12 times higher than average background values. During traffic congestions
these differences extended up to 6 and 20 times respectively. Results are
discussed in relation to human exposure assessments and WHO guidelines.

Air pollution impact assessment on agroecosystem and human health
characterisation in the area surrounding the industrial settlement of
Milazzo (Italy): a multidisciplinary approach
L. Triolo, A. Binazzi, P. Cagnetti, P. Carconi, A. Correnti, E. De Luca, R. Di
Bonito, G. Grandoni, M. Mastrantonio, S. Rosa, M. Schimberni, R. Uccelli, G.
Zappa
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Source: Environmental Monitoring and Assessment May 2008, Volume 140,
Issue 1-3, pp 191-209
In order to evaluate the impact of atmospheric pollutants emitted by the
industrial settlement of Milazzo (Italy) on agriculture, sulphur dioxide and
ozone levels in air were monitored and the data were used to estimate yield
losses of the most widespread cultures. Trace element concentrations in
crops and soils were also detected and metabolic profiles of soil microbial
communities were considered. Vibrio fischeri test was used to appraise
airborne pollutant ecotoxicity and epidemiological studies on causes of death
distribution were carried out to characterize health state of people living in
the area. All the sampling points were selected in farms on the basis of a
theoretical meteo-diffusive model of industrial air pollutants. Experimental SO2
and O3 values mainly exceeded the threshold established by Italian and EU
regulations to protect vegetation and they correspond to estimated significant
crop losses. Conversely toxic element residues in soils and in agroalimentary
products were generally lower than the fixed values. SO2 and O3
concentrations, toxic element contents and ecotoxicity levels of airborne
pollutants were not related only to industrial site emissions, while the
fluctuations on metabolic profiles of soil microbial communities seem to agree
with the predicted deposition of xenobiotic compounds from the industrial
plants. The epidemiological study evidenced a better health state of
populations living in the investigated area than in the Messina province and
the Sicily region but, inside the area, males living in the municipalities
closest to the industrial settlement exhibited a worst health state than those
in the very far ones.

Investigating the impacts of some meteorological parameters on air
pollution in Balikesir, Turkey
Nadir Ilten, A. Tülay Selici
Source: Environmental Monitoring and Assessment May 2008,
Volume 140, Issue 1-3, pp 267-277
Air pollution is one of the most important environmental problems in
Balikesir, situated in the western part of Turkey, during the winter periods.
The unfavorable climate as well as the city’s topography, and inappropriate
fuel usage cause serious air pollution problems. The air pollutant
concentrations in the city have a close relationship with meteorological
parameters. In the present study, the relationship between daily average total
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suspended particulate (TSP) and sulphur dioxide (SO2) concentrations
measured between 1999–2005 winter seasons were correlated with
meteorological factors, such as wind speed, temperature, relative humidity
and pressure. This statistical analysis was achieved using the stepwise
multiple linear regression method. According to the results obtained through
the analysis, higher TSP and SO2 concentrations are strongly related to
colder temperatures, lower wind speed, higher atmospheric pressure and
higher relative humidity. The statistical models of SO2 and TSP gave
correlation coefficient values (R 2) of 0.735 and 0.656, respectively.

Atmospheric concentrations of nitric acid, sulfur dioxide, particulate
nitrate and particulate sulfate, and estimation of their dry deposition on
the urban- and mountain-facing sides of Mt. Gokurakuji, Western
Japan
Masaaki Chiwa, Hiroaki Kondo, Naosuke Ebihara, Hiroshi Sakugawa
Source: Environmental Monitoring and Assessment May 2008, Volume 140,
Issue 1-3, pp 349-360
Atmospheric concentrations of nitric acid (HNO3), sulfur dioxide (SO2),
particulate nitrate (NO−3) and particulate sulfate (SO2−4) on the urbanand mountain-facing sides of Mt. Gokurakuji were measured from November
2002 to October 2003, in order to evaluate the effects of anthropogenic
activity on air quality and dry deposited nitrate and sulfate on the surfaces
of pine foliage. The results showed that HNO3, SO2 and NO−3
concentrations were significantly higher (P < 0.05) on the urban-facing side
(1.54, 2.48 and 0.65 μg m−3, respectively) than the mountain-facing side
(0.67, 1.19 and 0.37 μg m−3, respectively), while SO2−4 concentrations
did not differ significantly between the two sides (urban-facing: 2.80 μg
m−3; mountain−facing: 2.05 μg m−3). Indirect estimates of dry deposition
rates of nitrate and sulfate to the surfaces of pine foliage based on the
measured concentrations approximately agreed with the measured values
determined by the foliar rinsing technique in a previous study. It was found
that HNO3 was the major source (approximately 80%) of dry deposited
nitrate on pine foliage, while the contribution from SO2−4 was about equal
to that from SO2. In conclusion, HNO3 and SO2 appear to be dominant
species reflecting higher dry deposition rates of nitrate and sulfate on the
urban-facing side compared to the mountain-facing side of Mt. Gokurakuji.
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The response of surface ozone to climate change over the Eastern
United States
P. N. Racherla and P. J. Adams
Source: Atmos. Chem. Phys., 8, 871-885, 2008 www.atmos-chemphys.net/8/871/2008/ doi:10.5194/acp-8-871-2008
We investigate the response of surface ozone (O3) to future climate
change in the eastern United States by performing simulations corresponding
to present (1990s) and future (2050s) climates using an integrated model
of global climate, tropospheric gas-phase chemistry, and aerosols. A future
climate has been imposed using ocean boundary conditions corresponding to
the IPCC SRES A2 scenario for the 2050s decade. Present-day
anthropogenic emissions and CO2/CH4 mixing ratios have been used in
both simulations while climate-sensitive emissions were allowed to vary with
the simulated climate. The severity and frequency of O3 episodes in the
eastern U.S. increased due to future climate change, primarily as a result of
increased O3 chemical production. The 95th percentile O3 mixing ratio
increased by 5 ppbv and the largest frequency increase occured in the 80–
90 ppbv range; the US EPA's current 8-h ozone primary standard is 80
ppbv. The increased O3 chemical production is due to increases in: 1)
natural isoprene emissions; 2) hydroperoxy radical concentrations resulting
from increased water vapor concentrations; and, 3) NOx concentrations
resulting from reduced PAN. The most substantial and statistically significant
(p<0.05) increases in episode frequency occurred over the southeast and
midatlantic U.S., largely as a result of 20% higher annual-average natural
isoprene emissions. These results suggest a lengthening of the O3 season
over the eastern U.S. in a future climate to include late spring and early
fall months. Increased chemical production and shorter average lifetime are
two consistent features of the seasonal response of surface O3, with
increased dry deposition loss rates contributing most to the reduced lifetime
in all seasons except summer. Significant interannual variability is observed in
the frequency of O3 episodes and we find that it is necessary to utilize 5
years or more of simulation data in order to separate the effects of
interannual variability and climate change on O3 episodes in the eastern
United States.
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A case of extreme particulate matter concentrations over Central Europe
caused by dust emitted over the southern Ukraine
W. Birmili, K. Schepanski, A. Ansmann, G. Spindler, I. Tegen, B. Wehner, A.
Nowak, E. Reimer, I. Mattis, K. Müller, E. Brüggemann1, T. Gnauk, H. Herrmann,
A. Wiedensohler, D. Althausen, A. Schladitz, T. Tuch1, and G. Löschau
Source: Atmos. Chem. Phys., 8, 997-1016, 2008 www.atmos-chemphys.net/8/997/2008/ doi:10.5194/acp-8-997-2008
On 24 March 2007, an extraordinary dust plume was observed in the
Central European troposphere. Satellite observations revealed its origins in a
dust storm in Southern Ukraine, where large amounts of soil were
resuspended from dried-out farmlands at wind gusts up to 30 m s−1. Along
the pathway of the plume, maximum particulate matter (PM10) mass
concentrations between 200 and 1400 μg m−3 occurred in Slovakia, the
Czech Republic, Poland, and Germany. Over Germany, the dust plume was
characterised by a volume extinction coefficient up to 400 Mm−1 and a
particle optical depth of 0.71 at wavelength 0.532 μm. In-situ size
distribution measurements as well as the wavelength dependence of light
extinction from lidar and Sun photometer measurements confirmed the
presence of a coarse particle mode with diameters around 2–3 μm.
Chemical particle analyses suggested a fraction of 75% crustal material in
daily average PM10 and up to 85% in the coarser fraction PM10–2.5.
Based on the particle characteristics as well as a lack of increased CO and
CO2 levels, a significant impact of biomass burning was ruled out. The
reasons for the high particle concentrations in the dust plume were twofold:
First, dust was transported very rapidly into Central Europe in a boundary
layer jet under dry conditions. Second, the dust plume was confined to a
relatively stable boundary layer of 1.4–1.8 km height, and could therefore
neither expand nor dilute efficiently. Our findings illustrate the capacity of
combined in situ and remote sensing measurements to characterise largescale dust plumes with a variety of aerosol parameters. Although such
plumes from Southern Eurasia seem to occur rather infrequently in Central
Europe, its unexpected features highlights the need to improve the description
of dust emission, transport and transformation processes needs, particularly
when facing the possible effects of further anthropogenic desertification and
climate change.
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Visibility impairing aerosols in the urban atmosphere of Delhi
Tejveer Singh, P. S. Khillare, Vijay Shridhar, Tripti Agarwal
Source: Environmental Monitoring and Assessment June 2008, Volume 141,
Issue 1-3, pp 67-77
To study the visual air quality of Delhi, size fractionated aerosols – coarse
and fine fractions of PM10 – were collected and analysed for SO−24,
NO−3, NH + 4, OC and EC at three sites with different background
activities. The analysed species constitute a smaller portion of coarse fraction
(39%) but a larger portion of fine fraction (69%). The sampling was
performed from June 2003 to November 2003 which covers monsoon and
post monsoon seasons.Aerosol data was used to describe the spatial
variation of Visibility Range as a function of chemical composition of visibility
impairing aerosols. During the study period, visibility was found to be poor
varying between 4.7 and 13 km with an average value of 9.4 km. It is
observed that visibility impairment was more due to carbonaceous aerosol
followed by sulphate.

Summer time haze characteristics of the urban atmosphere of Gwangju
and the rural atmosphere of Anmyon, Korea
Kyung W. Kim, Young J. Kim, So Y. Bang
Source: Environmental Monitoring and Assessment June 2008, Volume 141,
Issue 1-3, pp 189-199
An extensive visibility monitoring was carried out simultaneously in the urban
area of Gwangju and the rural area of Anmyon, Korea. This study examines
patterns of visibility impairment and haze-forming pollutant concentrations on
both sites resulting from natural and anthropogenic sources of gases and
particles. Optical visibility measurements by a transmissometer, a
nephelometer and an aethalometer provide aerosol light extinction, scattering,
and absorption coefficients for both sites. In order to investigate the physicochemical characteristics of atmospheric aerosols, aerosol samples were
collected by various aerosol samplers at GJVMS (Gwangju Visibility
Monitoring Station) and at KGAWO (Korea Global Atmosphere Watch
Observatory), respectively. In addition, haze characteristics causing visibility
impairment at those two sites were analyzed to obtain source contributions
by regionally transported aerosols using grid analysis and display system
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(GrADS) from NECP reanalysis data. During the intensive monitoring period,
ammonium sulfate was dominantly responsible for the fine particle mass
loading at GJVMS, whereas organic carbon was the largest contributor at
KGAWO. Light scattering by particles accounted for 52.8 to 81.3% of the
range at the urban site, GJVMS and for 72.1 to 94.2% of the range at the
rural site, KGAWO. Light absorption by the EC and NO2 was between 14.5
and 34.8% at GJVMS, which was higher than the observed 1.1 ∼ 6.8% at
KGAWO, respectively. Light scattering by aerosol was higher in the rural
area than in the urban area. And organic carbon concentration was observed
to be significantly higher than the concentration of elemental carbon at
KGAWO. These haze-forming carbonaceous particles originate from
anthropogenic pollutants at the urban atmosphere but they can be produced
by natural environments such as marine and forest at the rural atmosphere.

Carbon storage and emissions offset potential in an African dry forest,
the Arabuko-Sokoke Forest, Kenya
Julia Glenday
Source: Environmental Monitoring and Assessment July 2008, Volume 142,
Issue 1-3, pp 85-95
Concerns about rapid tropical deforestation, and its contribution to rising
atmospheric concentrations of greenhouse gases, increase the importance of
monitoring terrestrial carbon storage in changing landscapes. Emerging
markets for carbon emission offsets may offer developing nations needed
incentives for reforestation, rehabilitation, and avoided deforestation. However,
relatively little empirical data exists regarding carbon storage in African
tropical forests, particularly for those in arid or semi-arid regions. Kenya’s
416 km2 Arabuko-Sokoke Forest (ASF) is the largest remaining fragment
of East African coastal dry forest and is considered a global biodiversity
hotspot (Myers et al. 2000), but has been significantly altered by past
commercial logging and ongoing extraction. Forest carbon storage for ASF
was estimated using allometric equations for tree biomass, destructive
techniques for litter and herbaceous vegetation biomass, and spectroscopy for
soils. Satellite imagery was used to assess land cover changes from 1992
to 2004. Forest and thicket types (Cynometra webberi dominated,
Brachystegia spiciformis dominated, and mixed species forest) had carbon
densities ranging from 58 to 94 Mg C/ha. The ASF area supported a 2.8–
3.0 Tg C carbon stock. Although total forested area in ASF did not change
over the analyzed time period, ongoing disturbances, quantified by the basal
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area of cut tree stumps per sample plot, correlated with decreased carbon
densities. Madunguni Forest, an adjoining forest patch, lost 86% of its forest
cover and at least 76% of its terrestrial carbon stock in the time period.
Improved management of wood harvesting in ASF and rehabilitation of
Madunguni Forest could substantially increase terrestrial carbon sequestration
in the region.ring period, ammonium sulfate was dominantly responsible for
the fine particle mass loading at GJVMS, whereas organic carbon was the
largest contributor at KGAWO. Light scattering by particles accounted for
52.8 to 81.3% of the range at the urban site, GJVMS and for 72.1 to
94.2% of the range at the rural site, KGAWO. Light absorption by the EC
and NO2 was between 14.5 and 34.8% at GJVMS, which was higher than
the observed 1.1 ∼ 6.8% at KGAWO, respectively. Light scattering by aerosol
was higher in the rural area than in the urban area. And organic carbon
concentration was observed to be significantly higher than the concentration
of elemental carbon at KGAWO. These haze-forming carbonaceous particles
originate from anthropogenic pollutants at the urban atmosphere but they can
be produced by natural environments such as marine and forest at the rural
atmosphere.

Particle size distribution of aerosols and associated heavy metals in
kitchen environments
Sandeep Gupta, Arun Srivastava, V. K. Jain
Source: Environmental Monitoring and Assessment July 2008, Volume 142,
Issue 1-3, pp 141-148
Mass size distributions of total suspended particulate matter (TSPM) was
measured from Sep 2002 to April 2003 in indoor kitchen environments of
five locations in Jawaharlal Nehru University (JNU), New Delhi, with the
help of a high volume cascade impactor. Particulate matters were separated
in five different size ranges, i.e. >10.9 μm, 10.9–5.4 μm, 5.4–1.6 μm,
1.6–0.7 μm and <0.7 μm. The particle size distribution at various sites
appears to follow uni-modal trend corresponding to fine particles i.e. size
range <0.7 μm. The contributions of fine particles are estimated to be
approximately 50% of TSPM and PM10.9, while PM10.9 comprises 80% of
TSPM. Good correlations were observed between various size fractions.
Regression results reveal that TSPM can adequately act as a surrogate for
PM10.9 and fine particles, while PM10.9 can also act as surrogate for fine
particles. The concentrations of heavy metals are found to be dominantly
associated with fine particles. However, the concentration of some metals
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and their size distribution, to some extent is also site specific (fuel type
used).

An improvement on the dust emission scheme in the global aerosolclimate model ECHAM5-HAM
T. Cheng, Y. Peng, J. Feichter, and I. Tegen
Source: Atmos. Chem. Phys., 8, 1105-1117, 2008 www.atmos-chemphys.net/8/1105/2008/ doi:10.5194/acp-8-1105-2008
Formulation of the dust emission scheme in the global aerosol-climate
modeling system ECHAM5-HAM has been improved. Modifications on the
surface aerodynamic roughness length, soil moisture and East-Asian soil
properties are included in the parameterization, which result in a large impact
on the threshold wind friction velocity for aeolian erosion and thus influence
the simulated dust emission amount. The annual global mean of dust
emission in the year 2000 is reduced by 76.5% and 2.2%, respectively,
due to changes in the aerodynamic roughness length and the soil moisture.
An inclusion of detailed East-Asian soil properties leads to an increase of
16.6% in the annual global mean of dust emission, which exhibits mainly in
the arid and semi-arid areas of northern China and southern Mongolia.
Measurements of the surface dust concentrations are collected in remote
marine sites globally and in dust source regions of East Asia. The averaged
relative differences between model results and measurements are reduced
from 17% to 12% in global remote marine sites and from 69% to 30% in
East Asia, by including the improvements. Comparisons between model
results and available measurements verify a more realistic dust distribution
with the improved emission scheme.

A global emission inventory of carbonaceous aerosol from historic
records of fossil fuel and biofuel consumption for the period 1860–1997
C. Junker and C. Liousse
Source: Atmos. Chem. Phys., 8, 1195-1207, 2008 www.atmos-chemphys.net/8/1195/2008/ doi:10.5194/acp-8-1195-2008
Country by country emission inventories for carbonaceous aerosol for the
period 1860 to 1997 have been constructed on the basis of historic fuel
production, use and trade data sets published by the United Nation's
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Statistical Division UNSTAT (1997), Etemad et al. (1991) and Mitchell
(1992, 1993, 1995). The inventories use emission factors variable over
time, which have been determined according to changes in technological
development. The results indicate that the industrialisation period since 1860
was accompanied by a steady increase in black carbon (BC) and primary
organic carbon (POC) emissions up to 1910. The calculations show a
moderate decrease of carbonaceous aerosol emissions between 1920 and
1930, followed by an increase up to 1990, the year when emissions began
to decrease again. Changes in BC and POC emissions prior to the year
1950 are essentially driven by the USA, Germany and the UK. The USSR,
China and India become substantial contributors to carbonaceous aerosol
emissions after 1950. Emission maps have been generated with a 1°×1°
resolution based on the relative population density in each country. They will
provide a helpful tool for assessing the effect of carbonaceous aerosol
emissions on observed climate changes of the past.

Ambiental dust speciation and metal content variation in TSP, PM10 and
PM2.5 in urban atmospheric air of Harare (Zimbabwe)
A. T. Kuvarega, P. Taru
Source: Environmental Monitoring and Assessment September 2008, Volume
144, Issue 1-3, pp 1-14
Country by country emission inventories for carbonaceous aerosol for the
period 1860 to 1997 have been constructed on the basis of historic fuel
production, use and trade data sets published by the United Nation's
Statistical Division UNSTAT (1997), Etemad et al. (1991) and Mitchell
(1992, 1993, 1995). The inventories use emission factors variable over
time, which have been determined according to changes in technological
development. The results indicate that the industrialisation period since 1860
was accompanied by a steady increase in black carbon (BC) and primary
organic carbon (POC) emissions up to 1910. The calculations show a
moderate decrease of carbonaceous aerosol emissions between 1920 and
1930, followed by an increase up to 1990, the year when emissions began
to decrease again. Changes in BC and POC emissions prior to the year
1950 are essentially driven by the USA, Germany and the UK. The USSR,
China and India become substantial contributors to carbonaceous aerosol
emissions after 1950. Emission maps have been generated with a 1°×1°
resolution based on the relative population density in each country. They will
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provide a helpful tool for assessing the effect of carbonaceous aerosol
emissions on observed climate changes of the past.

An assessment of the chemical composition of precipitation and
throughfall in rural-industrial gradient in wet subtropics (southern
Brazil)
M. R. Casartelli, N. Mirlean, M. C. Peralba, S. Barrionuevo, M. X. Gómez-Rey,
M. Madeira
Source: Environmental Monitoring and Assessment September 2008, Volume
144, Issue 1-3, pp 105-116
The chemical composition of bulk precipitation and throughfall were analyzed,
during a 1-year period (2002), in rural–urban-industry gradients with
similar forest cover (Eucalyptus spp.) in southern Brazil (Rio Grande and
Porto Alegre cities). Values of pH varied from 5.0–5.1 in rural to 5.4–6.1
in industrial sites, and were intermediate in urban sites. The major ions in
bulk precipitation were Na+, Cl−, NH + 4 , NO - 3 and PO3 - 4 , and
concentrations increased in urban and industrial sites. Principal component
analysis identified the local main anthropogenic sources. Estimated annual
amounts of dry deposition were generally greater in both industrial and urban
sites than in rural sites. Areas close to industrial activity showed greater S
and N total deposition (10.4–10.9 and 20.2–30.6 kg/ha, respectively) than
in urban (3.4–7.3 and 14.6–24.1 kg/ha) and in rural (1.7–2.6 and 8.9–
12.1 kg/ha) sites. Annual deposition of Ca and P varied from 0.6 and 3.0
kg/ha in rural to 45.4 and 32.4 kg/ha in industrial sites, maximum values
being observed closed to the phosphate fertilizer plant of Rio Grande.
Deposition in urban and industrial sites may be balanced by the alkaline
cations, as bulk precipitation pH varied from 5.4 to 6.1, and was greater
than in rural sites (5.0–5.1).

Continuous and filter-based measurements of PM2.5 nitrate and sulfate
at the Fresno Supersite
Judith C. Chow, John G. Watson, Douglas H. Lowenthal, Kihong Park, Prakash
Doraiswamy, Ken Bowers, Richard Bode
Source: Environmental Monitoring and Assessment September 2008, Volume
144, Issue 1-3, pp 179-189
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PM2.5 nitrate (NO−3) and sulfate ( SO=4 ) were measured continuously
with R&P8400N and R&P8400S instruments, respectively, and compared
with filter-based measurements at the Fresno Supersite from October, 2000
through December, 2005. NO−3 concentrations were higher in winter than
summer with a long-term decreasing trend. Correlations between 24-h
average continuous and filter-based NO−3 were greater than 0.96 in 4 out
of 5 years. Continuous NO−3 was generally lower than filter-based NO−3
although the difference decreased over time, from −52% in 2001 to +13% in
2005. These differences were similar in winter (−23%) and summer
(−19%) while the corresponding differences between ambient and instrument
temperature were −12 and 0.7°C, respectively. Neither seasonal nor longterm trends in NO−3 can be explained by variations in ambient temperature,
the difference between ambient and instrument temperature, or changes in
aerosol chemical composition. There were no seasonal or long-term trends
in SO=4 concentrations, partially due to low concentrations observed in
Fresno. Long-term variability in the performance of R&P8400 NO−3 and
SO=4 instruments suggest that collocation with filter measurements is needed
for long-term measurements.maximum values being observed closed to the
phosphate fertilizer plant of Rio Grande. Deposition in urban and industrial
sites may be balanced by the alkaline cations, as bulk precipitation pH
varied from 5.4 to 6.1, and was greater than in rural sites (5.0–5.1).

Influence of indoor air quality (IAQ) objectives on air-conditioned
offices in Hong Kong
Pui-Shan Hui, Kwok-Wai Mui, Ling-Tim Wong
Source: Environmental Monitoring and Assessment September 2008, Volume
144, Issue 1-3, pp 315-322
It is costly to sample all air pollutants of a general community. Air sampling
should be conducted based on a practical assessment strategy and
monitoring plan. In Hong Kong, the Environmental Protection Department
(HKEPD) launched an Indoor Air Quality (IAQ) certification scheme to
grade workplace IAQ as ‘Excellent’ or ‘Good’ by measuring the levels of
nine common indoor air pollutants, namely carbon dioxide (CO2), carbon
monoxide (CO), respirable suspended particulates (RSP), nitrogen dioxide
(NO2), ozone (O3), formaldehyde (HCHO), total volatile organic
compounds (TVOC), radon (Rn), and airborne bacteria count (ABC).
Although average office IAQ performance has been improved since the
implementation of this certification scheme, there are still resource issues and
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technical difficulties. To streamline the assessment of office IAQ performance,
this study proposes a simple index of IAQ benchmarks formulated in
compliance with the HKEPD requirements. In particular, three of the nine
listed common air pollutants were selected as the ‘representatives’ for the
overall satisfactory IAQ. Together with the assessment results of 422 Hong
Kong air-conditioned offices, the index was evaluated in terms of test
sensitivity, specificity and predictive values. Proved to be feasible to describe
the IAQ of some air-conditioned offices, this IAQ index would be a useful
tool for policymakers, building owners and professionals to quantify IAQ
performance in offices and to make decisions on resources and manpower
management for efficient mitigation actions.

Characterization of fine aerosol and its inorganic components at two
rural locations in New York State
Ramya Sunder Raman, Philip K. Hopke, Thomas M. Holsen
Source: Environmental Monitoring and Assessment September 2008, Volume
144, Issue 1-3, pp 351-366
Samples of PM2.5 were collected to measure the concentrations of its
chemical constituents at two rural locations, Potsdam and Stockton, NY from
November 2002 to August 2005. These samples were collected on multiple
filters at both sites, every third day for a 24-h interval with a speciation
network sampler. The Teflo® filters were analyzed for PM2.5 mass by
gravimetry, and elemental composition by X-ray fluorescence (XRF).
Nylasorb® filters and Teflo® filters were leached with water and analyzed for
anions and cations, respectively, by ion chromatography (IC). Fine
particulate matter (PM2.5) mass and its inorganic component measurements
were statistically characterized, and the temporal behavior of these species
were assessed. Over the entire study period, PM2.5 mass concentrations
were lower at Potsdam (8.35 μg/m3) than at Stockton (10.24 μg/m3).
At both locations, organic matter (OM) was the highest contributor to mass.
Sulfate was the second highest contributor to mass at 27.0% at Potsdam,
and 28.7% at Stockton. Nitrate contributions to mass of 8.9 and 9.5% at
Potsdam and Stockton, respectively, were the third highest. At both
locations, fine PM mass exhibited an annual cycle with a pronounced
summer peak and indications of another peak during the winter, consistent
with an overall increase in the rate of secondary aerosol formation during
the summer, and increased partitioning of ammonium nitrate to the particle
phase and condensation of other semi-volatiles during the winter,
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respectively. An ion-balance analysis indicated that at both locations, during
the summers as well as in the winters, the aerosol was acidic. Lognormal
frequency distribution fits to the measured mass concentrations on a seasonal
basis indicated the overall increase in particle phase secondary aerosol
(sulfate and SOA) concentrations during the summers compared to the
winters at both locations.

Is PM10 mass measurement a reliable index for air quality assessment?
An environmental study in a geographical area of north-eastern Italy
F. Cozzi, G. Adami, P. Barbieri, E. Reisenhofer, M. Bovenzi
Source: Environmental Monitoring and Assessment September 2008, Volume
144, Issue 1-3, pp 389-401
The aim of this study was to measure the concentration of some metals
(Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Ti) in PM10 samples collected in one
urban and one industrial site and to assess that PM10 total mass
measurement may be not sufficient as air quality index due to its complex
composition. Metals were determined by inductively coupled plasma-atomic
emission spectroscopy (ICP-AES) and differential pulsed anodic stripping
voltammetry (DPASV). The measured concentrations were used to calculate
the content of metals in the PM10 total mass, and to estimate the
enrichment factors and the correlations between PM10, metal concentrations
and meteorological data for the two sites. The mean PM10 concentration
during the sampling period in the urban site exceeded the annual European
Union (EU) standard (40 µg/m3) and, for some sampling days, the daily
EU standard (50 µg/m3) was also exceeded. In opposite, both EU
standards were never exceeded in the industrial site. The overall metal
content was nearly double in the industrial site compared to the urban one,
and the mean Ni concentration exceeded the EU annual limit value (10
ng/m3). The metals with the highest enrichment factor were Cd, Cu, Ni
and Pb for both sites, suggesting a dominant anthropogenic source for these
metals. Metal concentrations were very low and typical of rural background
during Christmas holidays, when factories were closed. PM10 total mass
measurement is not a sufficient air quality index since the metal content of
PM10 is not related to its total mass, especially in sites with industrial
activities. This measurement should be associated with the analysis of toxic
metals.
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Impacts of climate warming on vegetation in Qaidam Area from 1990 to
2003
Biao Zeng, Tai-Bao Yang
Source: Environmental Monitoring and Assessment September 2008, Volume
144, Issue 1-3, pp 403-417
The observed warming trend in the Qaidam area, an arid basin surrounded
by high mountains, has caused land surface dynamics that are detectable
using remotely sensed data. In this paper, we detected land-cover changes
in the Qaidam Area between 1990 and 2003 in attempt to depict its spatial
variability. The land-cover changes were categorized into two trends:
degradation and amelioration, and their spatial patterns were examined. Then
we estimated the correlation coefficients between growing-season NDVI and
several climatic factors with the consideration of duration and lagging effects.
The results show that the inter-annual NDVI variations are positively
correlated with May to July precipitations, but not significantly correlated with
sunshine duration. We observed no obvious trend in precipitation or sunshine
duration from 1990 to 2003. Thus, the authors suggest that their slight
fluctuations may not be responsible to the decade-scaled land-cover
changes. However, our results indicate a good positive relationship between
the NDVI trend and climate warming in the ameliorated areas, but a
negative one in the degraded areas. By statistical analyses, we found that
degradations mainly occurred at the oasis boundaries and at lower elevations
in the non-oasis regions where effective soil moisture might have been
reduced by the warming-caused increase in evapotranspiration. At higher
elevations where thermal condition acts as a major limiting factor,
ameliorations were unequivocally detected, which is attributable to the direct
facilitation by temperature increases. We suggest that the impacts of the
observed climate warming on vegetation are spatially heterogeneous,
depending on the combinations of thermal condition and moisture availability.

Aerosol distribution over Europe: a model evaluation study with detailed
aerosol microphysics
B. Langmann,S. Varghese, E. Marmer, E. Vignati, J. Wilson, P. Stier, and C.
O'Dowd
Source: Atmos. Chem. Phys., 8, 1591-1607, 2008 www.atmos-chemphys.net/8/1591/2008/ doi:10.5194/acp-8-1591-2008
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This paper summarizes an evaluation of model simulations with a regional
scale atmospheric climate-chemistry/aerosol model called REMOTE, which
has been extended by a microphysical aerosol module. Model results over
Europe are presented and compared with available measurements in surface
air focusing on the European distribution and variability of primary and
secondary aerosols. Additionally, model results obtained with detailed aerosol
microphysics are compared to those based on an aerosol bulk mass
approach revealing the impact of dry deposition fluxes on atmospheric burden
concentration. An improved determination of elevated ozone and sulfate
concentrations could be achieved by considering a diurnal cycle in the
anthropogenic emission fluxes. Deviation between modelled and measured
organic carbon concentrations can be mainly explained by missing formation
of secondary organic aerosols and deficiencies in emission data. Changing
residential heating practices in Europe, where the use of wood is no longer
restricted to rural areas, need to be considered in emission inventories as
well as vegetation fire emissions which present a dominant source of organic
carbon.

High resolution vertical distributions of NO3 and N2O5 through the
nocturnal boundary layer
S. S. Brown, W. P. Dubé, H. D. Osthoff, D. E. Wolfe, W. M. Angevine,, and A. R.
Ravishankara1,
Source: Atmos. Chem. Phys., 7, 139-149, 2007 www.atmos-chemphys.net/7/139/2007/ doi:10.5194/acp-7-139-2007
The shallow mixing depth and vertical stratification of the lowest levels of the
atmosphere at night has implications for the chemistry of nitrogen oxides
emitted from the surface. Here we report vertical profiles of NO3, N2O5 and
O3 measured from in-situ instruments on a movable carriage on a 300 m
tower. The study offers high-resolution (<1 m) vertical distributions of both
NO3 and N2O5 and shows that the nocturnal mixing ratios of these
compounds vary widely over short vertical distance scales (10 m or less).
Furthermore, there are systematic differences in the steady state lifetimes of
NO3 and N2O5 and in the partitioning among nitrogen oxides between
different near-surface layers. These differences imply that NO3 and N2O5
occupy distinct chemical regimes as a function of altitude, potentially serving
as sinks for nitrogen oxides and O3 near the surface but as reservoirs of
NOx and O3 aloft.
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Thousehold Air Pollution from Coal and Biomass Fuels in China:
Measurements, Health Impacts, and Interventions
Junfeng (Jim) Zhang and Kirk R. Smith
Source: Environ Health Perspect. Jun 2007; 115(6): 848–855. Published online
Feb 27, 2007. doi: 10.1289/ehp.9479
Nearly all China’s rural residents and a shrinking fraction of urban residents
use solid fuels (biomass and coal) for household cooking and/or heating.
Consequently, global meta-analyses of epidemiologic studies indicate that
indoor air pollution from solid fuel use in China is responsible for
approximately 420,000 premature deaths annually, more than the
approximately 300,000 attributed to urban outdoor air pollution in the
country. Our objective in this review was to help elucidate the extent of this
indoor air pollution health hazard. Data sources We reviewed approximately
200 publications in both Chinese- and English-language journals that
reported health effects, exposure characteristics, and fuel/stove intervention
options. Conclusions Observed health effects include respiratory illnesses, lung
cancer, chronic obstructive pulmonary disease, weakening of the immune
system, and reduction in lung function. Arsenic poisoning and fluorosis
resulting from the use of “poisonous” coal have been observed in certain
regions of China. Although attempts have been made in a few studies to
identify specific coal smoke constituents responsible for specific adverse
health effects, the majority of indoor air measurements include those of only
particulate matter, carbon monoxide, sulfur dioxide, and/or nitrogen dioxide.
These measurements indicate that pollution levels in households using solid
fuel generally exceed China’s indoor air quality standards. Intervention
technologies ranging from simply adding a chimney to the more complex
modernized bioenergy program are available, but they can be viable only
with coordinated support from the government and the commercial sector.

Evidence for a CO increase in the SH during the 20th century based on
firn air samples from Berkner Island, Antarctica
S. S. Assonov1, C. A. M. Brenninkmeijer1, P. Jöckel1, R. Mulvaney, S. Bernard,
and J. Chappellaz
Source: Atmos. Chem. Phys., 7, 295-308, 2007 www.atmos-chemphys.net/7/295/2007/ doi:10.5194/acp-7-295-2007
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Trends of carbon monoxide (CO) for the past 100 years are reported as
derived from Antarctic firn drilling expeditions. Only one of 3 campaigns
provided high quality results. The trend was reconstructed using a firn air
model in the forward mode to constrain age distributions and assuming the
CO increase to be proportional to its major source, namely CH4. The
results suggest that CO has increased by ~38%, from 38±7 to 52.5±1.5
ppbv over a period of roughly 100 years. The concentrations are on the
volumetric scale which corresponds to ~1.08 of the scale used by
NOAA/CMDL. The estimated CO increase is somewhat larger than what is
estimated from the CO budget estimations and the CH4 growth alone. The
most likely explanation might be an increase in biomass burning emissions.
Using CH3Cl as another proxy produces a very similar reconstruction.

On the variability of the Ring effect in the near ultraviolet: understanding
the role of aerosols and multiple scattering
A. O. Langford, R. Schofield, J. S. Daniel, R. W. Portmann, M. L. Melamed, H. L.
Miller, E. G. Dutton, and S. Solomon
Source: Atmos. Chem. Phys., 7, 575-586, 2007 www.atmos-chemphys.net/7/575/2007/ doi:10.5194/acp-7-575-2007
The "filling-in" (FI) of Fraunhofer lines, often referred to as the Ring
effect, was examined using measurements of near ultraviolet sunlight
scattered from the zenith sky above Boulder, Colorado during July and
August 2005. The FI of the 344.1 nm Fe I line was directly determined by
comparing direct sun and cloud-free zenith sky spectra recorded on the
same day. The results, obtained over solar zenith angles (SZA) from 20°
to 70°, are compared to the predictions of a simple rotational Raman
Scattering (RRS) spectral model. The measured FI was found to be up to
70% greater than that predicted by first-order molecular scattering with a
much stronger SZA dependence. Simultaneously measured aerosol optical
depths and Monte Carlo calculations show that the combination of aerosol
scattering and second-order molecular scattering can account for these
differences, and potentially explain the contradictory SZA dependences in
previously published measurements of FI. These two scattering processes
also introduce a wavelength dependence to FI that complicates the fitting of
diffuse sunlight observations in differential optical absorption spectroscopy
(DOAS). A simple correction to improve DOAS retrievals by removing this
wavelength dependence is described.
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Seasonal variation of PM10 main constituents in two valleys of the
French Alps. I: EC/OC fractions
G. Aymoz, J. L. Jaffrezo, D. Chapuis, J. Cozic, and W. Maenhaut
Source: Atmos. Chem. Phys., 7, 661-675, 2007 www.atmos-chemphys.net/7/661/2007/ doi:10.5194/acp-7-661-2007
Daily PM10 samples were collected at two urban sites within two valleys in
the French Alps (Chamonix and St Jean de Maurienne) during a period of
two and a half years. The carbonaceous species EC (elemental carbon)
and OC (organic carbon) were analysed to investigate the possible sources
of EC and OC, and their seasonal variations. Mean OC concentrations are
in the very high range of concentrations measured for other European sites,
and represent at least one third of the PM10 mass on each site. On the
basis of the comparison between EC and OC concentrations with several
tracers, we were able to show that their main sources are local primary
combustion sources. Biomass burning emissions (residential heating) have a
significant impact on OC concentrations while heavy duty traffic emissions
have an impact only on EC concentrations. Finally, we estimated the
contribution of SOA (secondary organic carbon) to OC, using the EC-toOC primary ratio method (Castro et al., 1999) and demonstrated that the
calculation of SOA mass with this method is highly uncertain, if the
hypothesis of a constant primary EC-to-OC ratio is not very closely
examined.

Assessing the Science-Based Information Needs of Stakeholders: A
Case Study on Acid Rain Research and Policy
Kathryn Hunt , Jeffrey S. Kahl, Jonathan Rubin and Deirdre M. Mageean
Source: JU niversities C o U n C il on W ater r eso U r C es J o U rnal of C
ontemporary W ater r esear C h & e d UC ation i ss U e 136, p ages 68-79, J U
ne 2007
T here is an increasingly recognized need for research teams experienced in
science and policy to collect and examine scientific data, and use this
information appropriately for the development of social and economic policy.
One of the first Federal research programs to require this team approach
was the joint NSF/EPA Water and Watersheds program in the mid-1990s.
The Water and Watersheds RFP contained the now famous Venn diagram
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showing the desired intersection of three circles representing social science,
physical science, and biological science which successful PIs had to address.
The University of Maine Water and Watersheds project team included
ecosystem scientists that had been researching acidic deposition (hereafter
“acid rain”) for more than 20 years (Church 1999, Norton et al. 1999,
Kahl et al. 2002), and social scientists who evaluated the information
needs of stakeholders. This paper will evaluate the effectiveness of a
stakeholder assessment at the local level concerning the relevance of findings
from an ongoing acid rain research program.

Impacts of Air Pollution and Climate Change on Forest Ecosystems —
Emerging Research Needs
Elena Paoletti , Andrzej Bytnerowicz , Chris Andersen , Algirdas Augustaitis ,
Marco Ferretti , Nancy Grulke , Madeleine S. Günthardt- Goerg , John Innes ,
Dale Johnson , Dave Karnosky , Jesada Luangjame , Rainer Matyssek , Steven
McNulty , Gerhard Müller- Starck , Robert Musselman , and Kevin Percy
Source: TheScientificWorldJOURNAL (2007) 7(S1), 1–8 ISSN 1537-744X; DOI
10.1100/tsw.2007.52
Outcomes from the 22 nd meeting for Specialists in Air Pollution Effects on
Forest Ecosystems “Forests under Anthropogenic Pressure – Effects of Air
Pollution, Climate Change and Urban Development”, September 10–16,
2006, Riverside, CA, are summarized. Tropospheric or ground-level ozone
(O 3 ) is still the phytotoxic air pollutant of major interest. Challenging
issues are how to make O 3 standards or critical levels more biologically
based and at the same time practical for wide use; quantification of plant
detoxification processes in flux modeling; inclusion of multiple environmental
stresses in critical load determinations; new concept development for nitrogen
saturation; interactions between air pollution, climate, and forest pests; effects
of forest fire on air quality; the capacity of forests to sequester carbon
under changing climatic conditions and coexposure to elevated levels of air
pollutants; enhanced linkage between molecular biology, biochemistry,
physiology, and morphological traits.

The influence of African air pollution on regional and global
tropospheric ozone
A. M. Aghedo, M. G. Schultz, and S. Rast
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Source: Atmos. Chem. Phys., 7, 1193-1212, 2007 www.atmos-chemphys.net/7/1193/2007/ doi:10.5194/acp-7-1193-2007
We investigate the influence of African biomass burning, biogenic, lightning
and anthropogenic emissions on the tropospheric ozone over Africa and
globally using a coupled global chemistry climate model. Our model studies
indicate that surface ozone concentration may rise by up to 50 ppbv in the
burning region during the biomass burning seasons. Biogenic emissions yield
between 5–30 ppbv increase in the near surface ozone concentration over
tropical Africa. The impact of lightning on surface ozone is negligible, while
anthropogenic emissions yield a maximum of 7 ppbv increase in the annualmean surface ozone concentration over Nigeria, South Africa and Egypt. Our
results show that biogenic emissions are the most important African emission
source affecting total tropospheric ozone. The influence of each of the
African emissions on the global tropospheric ozone burden (TOB) of 384
Tg yields about 9.5 Tg, 19.6 Tg, 9.0 Tg and 4.7 Tg for biomass burning,
biogenic, lightning and anthropogenic emissions emitted in Africa respectively.
The impact of each of these emission categories on African TOB of 33 Tg
is 2.5 Tg, 4.1 Tg, 1.75 Tg and 0.89 Tg respectively, which together
represents about 28% of the total TOB calculated over Africa. Our model
calculations also suggest that more than 70% of the tropospheric ozone
produced by each of the African emissions is found outside the continent,
thus exerting a noticeable influence on a large part of the tropical
troposphere. Apart from the Atlantic and Indian Ocean, Latin America
experiences the largest impact of African emissions, followed by Oceania, the
Middle East, Southeast and south-central Asia, northern North America (i.e.
the United States and Canada), Europe and north-central Asia, for all the
emission categories.

Key Studies on Air Pollution and Climate Change Impacts on Forests:
An Introduction
Elena Paoletti & Andrzej Bytnerowicz & Marcus Schaub
Source: Environ Monit Assess (2007) 128:1 – 3 DOI 10.1007/s10661-006-94081
Global change can be viewed as the sum of all environmental pollution
(Trevor, 2003 ). To sustain human activities, massive amounts of
pollutants are discharged into the biosphere. The sum of all these activities
results in warming the biosphere, weather extremes, loss of biodiversity and
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pollution of the water, air and soil components of the biosphere. Prior to
1940, when atmospheric concentrations of green- house gases (GHG) were
low, solar radiation explains most of the northern hemisphere (NH)
temperature changes. Since 1975, emission of GHGs and aerosols explains
most of the observed temperature increases (National Assessment Synthesis
Team, 2000 ). The largest change in climate may not be temperature but
increased precipitation (a few tenths to 1% per decade in NH) and
cloudiness ( ∼ 2% per decade in NH). Pre- cipitation seems to be
coming in the form of heavier events rather than being spread out over
time. additional water runs off into streams are predicted to cause erosion
and flooding but not substantial increase of long-term soil moisture (Keller,
2003 ). Carbon dioxide (CO 2 ), resulting mainly from burning of fossil
fuels, is a main driver of climate change and in that regard is followed by
methane (CH 4 ), halocarbons and nitrous oxide (N 2 O) (IPCC, 2001
). Aerosols and particulate matter can have either a positive or negative
effect on climate depending on their composition.

Detecting charging state of ultra-fine particles: instrumental
development and ambient measurements
L. Laakso1, S. Gagné1, T. Petäjä1, A. Hirsikko1, P. P. Aalto1, M. Kulmala, and
V.-M. Kerminen
Source: Atmos. Chem. Phys., 7, 1333-1345, 2007 www.atmos-chemphys.net/7/1333/2007/ doi:10.5194/acp-7-1333-2007
The importance of ion-induced nucleation in the lower atmosphere has been
discussed for a long time. In this article we describe a new instrumental
setup – Ion-DMPS – which can be used to detect contribution of ioninduced nucleation on atmospheric new particle formation events. The device
measures positively and negatively charged particles with and without a
bipolar charger. The ratio between "charger off" to "charger on" describes
the charging state of aerosol particle population with respect to equilibrium.
Values above one represent more charges than in an equilibrium
(overcharged state), and values below unity stand for undercharged
situation, when there is less charges in the particles than in the equilibrium.
We performed several laboratory experiments to test the operation of the
instrument. After the laboratory tests, we used the device to observe particle
size distributions during atmospheric new particle formation in a boreal forest.
We found that some of the events were clearly dominated by neutral
nucleation but in some cases also ion-induced nucleation contributed to the
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new particle formation. We also found that negative and positive ions
(charged particles) behaved in a different manner, days with negative
overcharging were more frequent than days with positive overcharging.

Source apportionment of submicron organic aerosols at an urban site by
factor analytical modelling of aerosol mass spectra
V. A. Lanz, M. R. Alfarra, U. Baltensperger, B. Buchmann, C. Hueglin, and A. S.
H. Prévôt
Source: Atmos. Chem. Phys., 7, 1503-1522, 2007 www.atmos-chemphys.net/7/1503/2007/ doi:10.5194/acp-7-1503-2007
Submicron ambient aerosol was characterized in summer 2005 at an urban
background site in Zurich, Switzerland, during a three-week measurement
campaign. Highly time-resolved samples of non-refractory aerosol components
were analyzed with an Aerodyne aerosol mass spectrometer (AMS). Positive
matrix factorization (PMF) was used for the first time for aerosol mass
spectra to identify the main components of the total organic aerosol and
their sources. The PMF retrieved factors were compared to measured
reference mass spectra and were correlated with tracer species of the
aerosol and gas phase measurements from collocated instruments. Six factors
were found to explain virtually all variance in the data and could be
assigned either to sources or to aerosol components such as oxygenated
organic aerosol (OOA). Our analysis suggests that at the measurement site
only a small (<10%) fraction of organic PM1 originates from freshly emitted
fossil fuel combustion. Other primary sources identified to be of similar or
even higher importance are charbroiling (10–15%) and wood burning
(~10%). The fraction of all identified primary sources is considered as
primary organic aerosol (POA). This interpretation is supported by calculated
ratios of the modelled POA and measured primary pollutants such as
elemental carbon (EC), NOx, and CO, which are in good agreement to
literature values. A high fraction (60–69%) of the measured organic aerosol
mass is OOA which is interpreted mostly as secondary organic aerosol
(SOA). This oxygenated organic aerosol can be separated into a highly
aged fraction, OOA I, (40–50%) with low volatility and a mass spectrum
similar to fulvic acid, and a more volatile and probably less processed
fraction, OOA II (on average 20%). This is the first publication of a
multiple component analysis technique to AMS organic spectral data and also
the first report of the OOA II component.
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Global impact of road traffic emissions on tropospheric ozone
S. Matthes1, V. Grewe1, R. Sausen1, and G.-J. Roelofs
Source: Atmos. Chem. Phys., 7, 1707-1718, 2007 www.atmos-chemphys.net/7/1707/2007/ doi:10.5194/acp-7-1707-2007
Road traffic is one of the major anthropogenic emission sectors for NOx, CO
and NMHCs (non-methane hydrocarbons). We applied ECHAM4/CBM, a
general circulation model coupled to a chemistry module, which includes
higher hydrocarbons, to investigate the global impact of 1990 road traffic
emissions on the atmosphere. Improving over previous global modelling
studies, which concentrated on road traffic NOx and CO emissions only, we
assess the impact of NMHC emissions from road traffic. It is revealed that
NMHC emissions from road traffic play a key role for the impact on ozone.
They are responsible for (indirect) long-range transport of NOx from road
traffic via the formation of PAN, which is not found in a simulation without
NMHC emissions from road traffic. Long-range transport of NMHC-induced
PAN impacts on the ozone distribution in Northern Hemisphere regions far
away from the sources, especially in arctic and remote maritime regions. In
July total road traffic emissions (NOx, CO and NMHCs) contribute to the
zonally averaged ozone distribution by more than 12% near the surface in
the Northern Hemisphere midlatitudes and arctic latitudes. In January road
traffic emissions contribute near the surface in northern and southern
extratropics more than 8%. Sensitivity studies for regional emission show that
effective transport of road traffic emissions occurs mainly in the free
troposphere. In tropical latitudes of America up to an altitude of 200 hPa,
global road traffic emissions contribute about 8% to the ozone concentration.
In arctic latitudes NMHC emissions from road transport are responsible for
about 90% of PAN increase from road transport, leading to a contribution to
ozone concentrations of up to 15%.

Connections between atmospheric sulphuric acid and new particle
formation during QUEST III–IV campaigns in Heidelberg and Hyytiälä
I. Riipinen, S.-L. Sihto, M. Kulmala, F. Arnold, M. Dal Maso, W. Birmili, K.
Saarnio, K. Teinilä, V.-M. Kerminen, A. Laaksonen, and K. E. J. Lehtinen
Source: Atmos. Chem. Phys., 7, 1899-1914, 2007 www.atmos-chemphys.net/7/1899/2007/ doi:10.5194/acp-7-1899-2007
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This study investigates the connections between atmospheric sulphuric acid
and new particle formation during QUEST III and BACCI/QUEST IV
campaigns. The campaigns have been conducted in Heidelberg (2004) and
Hyytiälä (2005), the first representing a polluted site surrounded by
deciduous forest, and the second a rural site in a boreal forest environment.
We have studied the role of sulphuric acid in particle formation and growth
by determining 1) the power-law dependencies between sulphuric acid
([H2SO4]), and particle concentrations (N3–6) or formation rates at 1 nm
and 3 nm (J1 and J3); 2) the time delays between [H2SO4] and N3–6
or J3, and the growth rates for 1–3 nm particles; 3) the empirical
nucleation coefficients A and K in relations J1=A[H2SO4] and
J1=K[H2SO4]2, respectively; 4) theoretical predictions for J1 and J3 for the
days when no significant particle formation is observed, based on the
observed sulphuric acid concentrations and condensation sinks. In both
environments, N3–6 or J3 and [H2SO4] were linked via a power-law
relation with exponents typically ranging from 1 to 2. The result suggests
that the cluster activation theory and kinetic nucleation have the potential to
explain the observed particle formation. However, some differences between
the sites existed: The nucleation coefficients were about an order of
magnitude greater in Heidelberg than in Hyytiälä conditions. The time lags
between J3 and [H2SO4] were consistently lower than the corresponding
delays between N3–6 and [H2SO4]. The exponents in the J3∝[H2SO4
]nJ3-connection were consistently higher than or equal to the exponents in
the relation N3–6∝[H2SO4 ]nN36. In the J1 values, no significant
differences were found between the observed rates on particle formation
event days and the predictions on non-event days. The J3 values predicted
by the cluster activation or kinetic nucleation hypotheses, on the other hand,
were considerably lower on non-event days than the rates observed on
particle formation event days. This study provides clear evidence implying
that the main process limiting the observable particle formation is the
competition between the growth of the freshly formed particles and their loss
by scavenging, rather than the initial particle production by nucleation of
sulphuric acid. In general, it can be concluded that the simple models based
on sulphuric acid concentrations and particle formation by cluster activation or
kinetic nucleation can predict the occurence of atmospheric particle formation
and growth well, if the particle scavenging is accurately accounted for.
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Observations of total peroxy nitrates and aldehydes: measurement
interpretation and inference of OH radical concentrations
P. A. Cleary, P. J. Wooldridge1, D. B. Millet, M. McKay, A. H. Goldstein, and R. C.
Cohen
Source: Atmos. Chem. Phys., 7, 1947-1960, 2007 www.atmos-chemphys.net/7/1947/2007/ doi:10.5194/acp-7-1947-2007
We describe measurements of total peroxy nitrates (ΣPNs), NO2, O3 and
several aldehydes at Granite Bay, California, during the Chemistry and
Transport of the Sacramento Urban Plume-2001 (CATSUP 2001) campaign,
from 19 July–16 September 2001. We observed a strong photochemically
driven variation of ΣPNs during the day with the median of 1.2 ppb at
noon. Acetaldehyde, pentanal, hexanal and methacrolein had median
abundances in the daytime of 1.2 ppb, 0.093 ppb, 0.14 ppb, and 0.27
ppb, respectively. We compare steady state and time dependent calculations
of the dependence of ΣPNs on aldehydes, OH, NO and NO2 showing that
the steady state calculations are accurate to ±30% between 10:00 and
18:00 h. We use the steady state calculation to investigate the composition
of ΣPNs and the concentration of OH at Granite Bay. We find that PN
molecules that have never been observed before make up an unreasonably
large fraction of the ΣPNs unless we assume that there exists a PAN
source that is much larger than the acetaldehyde source. We calculate that
OH at the site varied between 2 and 7×106 molecule cm−3 at noon during
the 8 weeks of the experiment.

Secondary aerosol formation from atmospheric reactions of aliphatic
amines
S. M. Murphy, A. Sorooshian1, J. H. Kroll, N. L. Ng, P. Chhabra, C. Tong, J. D.
Surratt1, E. Knipping, R. C. Flagan1, and J. H. Seinfeld
Source: Atmos. Chem. Phys., 7, 2313-2337, 2007 www.atmos-chemphys.net/7/2313/2007/ doi:10.5194/acp-7-2313-2007
Although aliphatic amines have been detected in both urban and rural
atmospheric aerosols, little is known about the chemistry leading to particle
formation or the potential aerosol yields from reactions of gas-phase amines.
We present here the first systematic study of aerosol formation from the
atmospheric reactions of amines. Based on laboratory chamber experiments
295

and theoretical calculations, we evaluate aerosol formation from reaction of
OH, ozone, and nitric acid with trimethylamine, methylamine, triethylamine,
diethylamine, ethylamine, and ethanolamine. Entropies of formation for
alkylammonium nitrate salts are estimated by molecular dynamics calculations
enabling us to estimate equilibrium constants for the reactions of amines with
nitric acid. Though subject to significant uncertainty, the calculated
dissociation equilibrium constant for diethylammonium nitrate is found to be
sufficiently small to allow for its atmospheric formation, even in the presence
of ammonia which competes for available nitric acid. Experimental chamber
studies indicate that the dissociation equilibrium constant for triethylammonium
nitrate is of the same order of magnitude as that for ammonium nitrate. All
amines studied form aerosol when photooxidized in the presence of NOx
with the majority of the aerosol mass present at the peak of aerosol growth
consisting of aminium (R3NH+) nitrate salts, which repartition back to the
gas phase as the parent amine is consumed. Only the two tertiary amines
studied, trimethylamine and triethylamine, are found to form significant nonsalt organic aerosol when oxidized by OH or ozone; calculated organic mass
yields for the experiments conducted are similar for ozonolysis (15% and 5%
respectively) and photooxidation (23% and 8% respectively). The non-salt
organic aerosol formed appears to be more stable than the nitrate salts and
does not quickly repartition back to the gas phase.

Air quality in North America's most populous city – overview of the
MCMA-2003 campaign
L. T. Molina, C. E. Kolb, B. de Foy, B. K. Lamb, W. H. Brune, J. L. Jimenez, R.
Ramos-Villegas, J. Sarmiento, V. H. Paramo-Figueroa, B. Cardenas, V.
Gutierrez-Avedoy, and M. J. Molina
Source: Atmos. Chem. Phys., 7, 2447-2473, 2007 www.atmos-chemphys.net/7/2447/2007/ doi:10.5194/acp-7-2447-2007

Exploratory field measurements in the Mexico City Metropolitan Area
(MCMA) in February 2002 set the stage for a major air quality field
measurement campaign in the spring of 2003 (MCMA-2003). Involving
over 100 scientists from more than 30 institutions in Mexico, the United
States and Europe, MCMA-2003 revealed important new insights into the
meteorology, primary pollutant emissions, ambient secondary pollutant
precursor concentrations, photochemical oxidant production and secondary
aerosol particle formation in North America's most populated and polluted
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megacity. A description of meteorological and atmospheric chemistry and
aerosol microphysics measurements performed during MCMA-2003 is
presented. More than 40 published or submitted MCMA-2003 research
papers are reviewed and key discoveries pertinent to understanding and
improving air quality in Mexico City and similar megacities in the developing
world are summarized.

Latitudinal aerosol size distribution variation in the Eastern Atlantic
Ocean measured aboard the FS-Polarstern
P. I. Williams, G. McFiggans, and M. W. Gallagher
Source: Atmos. Chem. Phys., 7, 2563-2573, 2007 www.atmos-chemphys.net/7/2563/2007/ doi:10.5194/acp-7-2563-2007
Aerosol size distribution measurements from 0.03 µm to 25 µm diameter
were taken at ambient humidity aboard the German research vessel, FSPolarstern, during a transect from Bremerhaven in northern Germany, to
Cape Town in South Africa across latitudes 53°32' N to 33°55' S, denoted
cruise number ANT XXI/1. The data were segregated according to air mass
history, wind speed and latitude. Under clean marine conditions, the
averaged size distributions were generally in good agreement with those
reported previously for diameters less than 0.5 µm and can be approximated
by two log-normal modes, with significant variation in the mean modal
diameters. Two short periods of tri-modal behaviour were observed. Above
0.5 µm, there is indication of a limit to the mechanical generation of marine
aerosol over the range of wind speeds observed (~1.7–14.7 m s−1). A
new technique to determine the errors associated with aerosol size
distribution measurements using Poisson statistics has been applied to the
dataset, providing a tool to determine the necessary sample or averaging
times for correct interpretation of such data. Finally, the data were also used
to investigate the loss rate of condensing gases with potentially important
consequences for heterogeneous marine photochemical cycles.

The direct effect of aerosols on solar radiation based on satellite
observations, reanalysis datasets, and spectral aerosol optical
properties from Global Aerosol Data Set (GADS)
N. Hatzianastassiou, C. Matsoukas, E. Drakakis, P. W. Stackhouse Jr., P.
Koepke, A. Fotiadi, K. G. Pavlakis, and I. Vardavas
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Source: Atmos. Chem. Phys., 7, 2585-2599, 2007 www.atmos-chemphys.net/7/2585/2007/ doi:10.5194/acp-7-2585-2007
A global estimate of the seasonal direct radiative effect (DRE) of natural
plus anthropogenic aerosols on solar radiation under all-sky conditions is
obtained by combining satellite measurements and reanalysis data with a
spectral radiative transfer model and spectral aerosol optical properties taken
from the Global Aerosol Data Set (GADS). The estimates are obtained with
detailed spectral model computations separating the ultraviolet (UV), visible
and near-infrared wavelengths. The global distribution of spectral aerosol
optical properties was taken from GADS whereas data for clouds, water
vapour, ozone, carbon dioxide, methane and surface albedo were taken from
various satellite and reanalysis datasets. Using these aerosol properties and
other related variables, we generate climatological (for the 12-year period
1984–1995) monthly mean aerosol DREs. The global annual mean DRE on
the outgoing SW radiation at the top of atmosphere (TOA, ΔFTOA) is
−1.62 W m−2 (with a range of −15 to 10 W m−2, negative values
corresponding to planetary cooling), the effect on the atmospheric absorption
of SW radiation (ΔFatmab) is 1.6 W m−2 (values up to 35 W m−2,
corresponding to atmospheric warming), and the effect on the surface
downward and absorbed SW radiation (ΔFsurf, and ΔFsurfnet, respectively)
is −3.93 and −3.22 W m−2 (values up to −45 and −35 W m−2,
respectively, corresponding to surface cooling). According to our results,
aerosols decrease/increase the planetary albedo by −3 to 13% at the local
scale, whereas on planetary scale the result is an increase of 1.5%.
Aerosols can warm locally the atmosphere by up to 0.98 K day−1, whereas
they can cool the Earth's surface by up to −2.9 K day−1. Both these
effects, which can significantly modify atmospheric dynamics and the
hydrological cycle, can produce significant planetary cooling on a regional
scale, although planetary warming can arise over highly reflecting surfaces.
The aerosol DRE at the Earth's surface compared to TOA can be up to 15
times larger at the local scale. The largest aerosol DRE takes place in the
northern hemisphere both at the surface and the atmosphere, arising mainly
at ultraviolet and visible wavelengths.

Effective UV surface albedo of seasonally snow-covered lands
A. Tanskanen and T. Manninen
Source: Atmos. Chem. Phys., 7, 2759-2764, 2007 www.atmos-chemphys.net/7/2759/2007/ doi:10.5194/acp-7-2759-2007
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At ultraviolet wavelengths the albedo of most natural surfaces is small with
the striking exception of snow and ice. Therefore, snow cover is a major
challenge for various applications based on radiative transfer modelling. The
aim of this work was to determine the characteristic effective UV range
surface albedo of various land cover types when covered by snow. First we
selected 1 by 1 degree sample regions that met three criteria: the sample
region contained dominantly subpixels of only one land cover type according
to the 8 km global land cover classification product from the University of
Maryland; the average slope of the sample region was less than 2 degrees
according to the USGS's HYDRO1K slope data; the sample region had snow
cover in March according to the NSIDC Northern Hemisphere weekly snow
cover data. Next we generated 1 by 1 degree gridded 360 nm surface
albedo data from the Nimbus-7 TOMS Lambertian equivalent reflectivity data,
and used them to construct characteristic effective surface albedo distributions
for each land cover type. The resulting distributions showed that each land
cover type experiences a characteristic range of surface albedo values when
covered by snow. The result is explained by the vegetation that extends
upward beyond the snow cover and masks the bright snow covered
surface.

Retrieval of aerosol complex refractive index from a synergy between
lidar, sunphotometer and in situ measurements during LISAIR
experiment
J.-C. Raut and P. Chazette
Source: Atmos. Chem. Phys., 7, 2797-2815, 2007 www.atmos-chemphys.net/7/2797/2007/ doi:10.5194/acp-7-2797-2007
Particulate pollutant exchanges between the streets and the Planetary
Boundary Layer (PBL), and their daily evolution linked to human activity
were studied in the framework of the LIdar pour la Surveillance de l'AIR
(LISAIR) experiment. This program lasted from 10 to 30 May 2005. A
synergetic approach combining dedicated active (lidar) and passive
(sunphotometer) remote sensors as well as ground based in situ
instrumentation (nephelometer, aethalometer and particle sizers) was used to
investigate urban aerosol optical properties within Paris. Aerosol complex
refractive indices were assessed to be 1.56–0.034 i at 355 nm and 1.59–
0.040 i at 532 nm, thus leading to single-scattering albedo values between
0.80 and 0.88. These retrievals are consistent with soot components in the
aerosol arising from traffic exhausts indicating that these pollutants have a
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radiative impact on climate. We also discussed the influence of relative
humidity on aerosol properties. A good agreement was found between vertical
extinction profile derived from lidar backscattering signal and retrieved from
the coupling between radiosounding and ground in situ measurements.

Assessing Climate Change Impacts: Agriculture
Francesco Bosello, Jian Zhang
Source: CIP – Climate Impacts and Policy Division WORKING PAPER N.
02.2007
The economy-wide implications of climate change on agricul tural sectors in
2050 are estimated using a static comput able general equilibrium model.
Peculiar to this exercise is the coupling of the economic model with a clim
atic model forecasting temperature increase in the relevant year and with a
crop-growth model estimating climate change impact on cereal productivity.
The main results of th e study point out on the one hand the limited
influence of climate change on world food supply and welfare; on the other
hand its important distributional cons equences as the stronger negat ive
effects are concentrated on developing countries. The simulation exercise is
introduced by a survey of the relevant literature.

A modeling analysis of a heavy air pollution episode occurred in Beijing
X. An1, T. Zhu, Z. Wang, C. Li, and Y. Wang
Source: Atmos. Chem. Phys., 7, 3103-3114, 2007 www.atmos-chemphys.net/7/3103/2007/ doi:10.5194/acp-7-3103-2007
The concentrations of fine particulate matter (PM) and ozone in Beijing
often exceed healthful levels in recent years, therefore China is to taking
steps to improve Beijing's air quality for the 2008 Olympic Games. In this
paper, the Models-3 Community Multiscale Air Quality (CMAQ) Modeling
System was used to investigate a heavy air pollution episode in Beijing
during 3–7 April 2005 to obtain the basic information of how heavy air
pollution formed and the contributions of local sources and surround
emissions. The modeling domain covered from East Asia with four nested
grids with 81 to 3 km horizontal resolution focusing on urban Beijing. This
was coupled with a regional emissions inventory with a 10 km resolution and
a local 1 km Beijing emissions database. The trend of predicted
concentrations of various pollutants agreed reasonably well with the
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observations and captured the main features of this heavy pollution episode.
The simulated column concentration distribution of PM was correlated well
with the MODIS remote sensing products. Control runs with and without
Beijing emissions were conducted to quantify the contributions of non-Beijing
sources (NBS) to the Beijing local air pollution. The contributions of NBS
to each species differed spatially and temporally with the order of
PM2.5>PM10>SO2> soil for this episode. The percentage contribution of
NBS to fine particle (PM2.5) in Beijing was averaged about 39%, up to
53% at the northwest of urban Beijing and only 15% at southwest. The
spatial distribution of NBS contributions for PM10 was similar to that for
PM2.5, with a slightly less average percentage of about 30%. The average
NBS contributions for SO2 and soil (diameter between 2.5 μm and 10
μm) were 18% and 10%. In addition, the pollutant transport flux was
calculated and compared at different levels to investigate transport pathway
and magnitude. It was found that the NBS contribution correlated with the
transport flux, contributing 60% of PM10 concentration in Beijing at the time
of transport flux peak during a strong episode with a transport path from
southwest to northeast.

Reformulating atmospheric aerosol thermodynamics and hygroscopic
growth into fog, haze and clouds
S. Metzger and J. Lelieveld
Source: Atmos. Chem. Phys., 7, 3163-3193, 2007 www.atmos-chemphys.net/7/3163/2007/ doi:10.5194/acp-7-3163-2007
Modeling atmospheric aerosol and cloud microphysics is rather complex, even
if chemical and thermodynamical equilibrium is assumed. We show, however,
that the thermodynamics can be considerably simplified by reformulating
equilibrium to consistently include water, and transform laboratory-based
concepts to atmospheric conditions. We generalize the thermodynamic
principles that explain hydration and osmosis – merely based on solute
solubilities – to explicitly account for the water mass consumed by hydration.
As a result, in chemical and thermodynamical equilibrium the relative humidity
(RH) suffices to determine the saturation molality, including solute and
solvent activities (and activity coefficients), since the water content is fixed
by RH for a given aerosol concentration and type. As a consequence,
gas/liquid/solid aerosol equilibrium partitioning can be solved analytically and
non-iteratively. Our new concept enables an efficient and accurate calculation
of the aerosol water mass and directly links the aerosol hygroscopic growth
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to fog, haze and cloud formation. We apply our new concept in the 3rd
Equilibrium Simplified Aerosol Model (EQSAM3) for use in regional and
global chemistry-transport and climate models. Its input is limited to the
species' solubilities from which a newly introduced stoichiometric coefficient for
water is derived. Analogously, we introduce effective stoichiometric coefficients
for the solutes to account for complete or incomplete dissociation. We show
that these coefficients can be assumed constant over the entire activity range
and calculated for various inorganic, organic and non-electrolyte compounds,
including alcohols, sugars and dissolved gases. EQSAM3 calculates the
aerosol
composition
and
gas/liquid/solid
partitioning
of
mixed
inorganic/organic multicomponent solutions and the associated water uptake
for almost 100 major compounds. It explicitly accounts for particle
hygroscopic growth by computing aerosol properties such as single solute
molalities, molal based activities, including activity coefficients for volatile
compounds, efflorescence and deliquescence relative humidities of single
solute and mixed solutions. Various applications and a model intercomparison indicate that a) the application is not limited to dilute binary
solutions, b) sensitive aerosol properties such as hygroscopic growth and the
pH of binary and mixed inorganic/organic salt solutions up to saturation can
be computed accurately, and c) aerosol water is central in modeling
atmospheric chemistry, visibility, weather and climate.

A Spatial Assessment of Air Pollution Impact of a Highway Project
Using GIS
M.L. Agrawal , B. Maitra , M.K. Ghose
Source: DOI: 10.1007/978-3-540-71335-7_5 Conference: Information
Technologies in Environmental Engineering, Proceedings of the 3rd International
ICSC Symposium, ITEE-2007, Oldenburg, Germany, March 29-30, 2007
In the recent years Government of India as well as different pro- vincial
governments have taken up several ambitious high-way develop- mental
activities to accelerate the economic growth of India. The in- creased
vehicular traffic caused due to highway development is a major source of air
pollution. Carrying out environ-mental impact assessment (EIA) is an
essential part of major road development projects in India. Also, the
assessment of impacts on air pollution is an important aspect of EIA. In the
present paper, a methodology has been presented for incorpo- rating spatial
data in GIS environment for assessing air pollution impact of a highway
project.
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Physical and optical aerosol properties at the Dutch North Sea coast
based on AERONET observations
J. Kusmierczyk-Michulec1, G. De Leeuw, and M. M. Moerman
Source: Atmos. Chem. Phys., 7, 3481-3495, 2007 www.atmos-chemphys.net/7/3481/2007/ doi:10.5194/acp-7-3481-2007
Sun photometer measurements at the AERONET station at the North Sea
coast in The Hague (The Netherlands) provide a climatology of optical and
physical aerosol properties for the area. Results are presented from the
period January 2002 to July 2003. For the analysis and interpretation these
data are coupled to chemical aerosol data from a nearby station of the
Dutch National Air Quality Network. This network provides PM10 and black
carbon concentrations. Meteorological conditions and air mass trajectories are
also used. Due to the location close to the coast, the results are strongly
dependent on wind direction, i.e. air mass trajectory. In general the aerosol
optical properties are governed by industrial aerosol emitted form various
industrial, agricultural and urban areas surrounding the site in almost all
directions over land. For maritime air masses industrial aerosols are
transported from over the North Sea, whereas very clean air is transported
from the NW in clean polar air masses from the North Atlantic. In the
winter the effect of the production of sea salt aerosol at high wind speeds
is visible in the optical and physical aerosol data. In these cases fine and
coarse mode radii are similar to those reported in the literature for marine
aerosol. Relations are derived between the Ångström coefficients with both
the fine/coarse mode fraction and the ratio of black carbon and PM10.

Health and Air Pollution in New Zealand
G. Fisher 1 , T. Kjellstrom 2 , S. Kingham 3 , S. Hales 4 , R. Shrestha. . Sturman
3 (Chapter 8), M. Sherman 1 (Chapter 8), C. O’Fallon 6 (Chapter 10), J.E
Cavanagh 7 and M. Durand 7 (Chapter 10)
Source: A Research Project Funded by: Health Research Council of New
Zealand Ministry for the Environment Ministry of Transport 5 June 2007 ;
http://www.hapinz.org.nz/HAPINZ%20Exec%20Summary%20Final%20Clean%20J
une%202007%20v3.pdf
The people of New Zealand are exposed to a wide ra nge of health risks
through various activities. Many of these are unavoidable, and many are due
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to persona l choice. However, some are due to exposures to contaminants
in the environment that can be reduced. This study is concerned with
identifying and quantifyi ng the health risks due to people’s exposure to air
pollution. For many places, and for much of the time, New Zealand’s air
pollution cannot be considered poor by international standards, yet there are
still m easurable health effects, and there are locations and instances where
air quality is poor enough to be of concern. Measures to reduce air
pollution and its effect on public health have costs. Effective management
and policy therefore needs detailed information on exactly what air pollution
occurs and what effects it has. The aim of this Health and Air Pollution in
New Zealand (HAPiNZ) study is to explicitly identify the effects of air
pollution throughout New Zealand, to link these effects to the various sources
of air pollution, and to provide information that will help to formulate effective
policy op tions that lead to real and measurable improvements in the health
of New Zealanders.

Secondary organic aerosol formation from m-xylene, toluene, and
benzene
N. L. Ng1, J. H. Kroll, A. W. H. Chan, P. S. Chhabra, R. C. Flagan, and J. H.
Seinfeld
Source: Atmos. Chem. Phys., 7, 3909-3922, 2007 www.atmos-chemphys.net/7/3909/2007/ doi:10.5194/acp-7-3909-2007
Secondary organic aerosol (SOA) formation from the photooxidation of mxylene, toluene, and benzene is investigated in the Caltech environmental
chambers. Experiments are performed under two limiting NOx conditions;
under high-NOx conditions the peroxy radicals (RO2) react only with NO,
while under low-NOx conditions they react only with HO2. For all three
aromatics studied (m-xylene, toluene, and benzene), the SOA yields
(defined as the ratio of the mass of organic aerosol formed to the mass of
parent hydrocarbon reacted) under low-NOx conditions substantially exceed
those under high-NOx conditions, suggesting the importance of peroxy radical
chemistry in SOA formation. Under low-NOx conditions, the SOA yields for
m-xylene, toluene, and benzene are constant (36%, 30%, and 37%,
respectively), indicating that the SOA formed is effectively nonvolatile under
the range of Mo(>10 μg m−3) studied. Under high-NOx conditions,
aerosol growth occurs essentially immediately, even when NO concentration is
high. The SOA yield curves exhibit behavior similar to that observed by
Odum et al. (1996, 1997a, b), although the values are somewhat higher
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than in the earlier study. The yields measured under high-NOx conditions
are higher than previous measurements, suggesting a "rate effect" in SOA
formation, in which SOA yields are higher when the oxidation rate is faster.
Experiments carried out in the presence of acidic seed aerosol reveal no
change of SOA yields from the aromatics as compared with those using
neutral seed aerosol.

Observations of extremely low tropopause temperature over the Indian
tropical region during monsoon and postmonsoon months: Possible
implications
A. R. Jain et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D07106,
doi:10.1029/2005JD005850, 2006
The present study examines the possible role of the "freeze and dry effect,"
which is generally believed to occur when the tropopause temperature is
lower than 191 K. So far, there is observational evidence to support the role
of the "freeze-dry mechanism" over the western Pacific region, in particular,
over Indonesia. The paper presents observations from four intensive
radiosonde/GPS sonde campaigns during summer monsoon and postmonsoon
seasons from a number of stations in the tropical Indian region. Observations
provide clear evidence of the existence of tropopause temperature lower than
191 K. Analysis suggests that cold tropopause occurs over a wide area of
5° × 5° in latitude and longitude and more often around local midnight
hours. Cold tropopause temperature appears to occur more often over the
ocean as compared to the coastal stations. The observations at the coastal
stations show that on the days of low temperature, the tropopause is cooler
by ∼8 K than the climatological temperature for the Indian equatorial region
and ∼3.5 K from the mean of all observations. It is noted that on the
days of observed cold tropopause, the lapse rate just below the tropopause
is closer to the dry adiabatic lapse rate. This indicates a rapid cooling in a
narrow height range. The present observations thus provide evidence that the
freeze-dry mechanism could be operating over a wide area, which includes
the Indian tropical region. The possible role of atmospheric convection and
also of atmospheric waves in producing low tropopause temperatures is
examined and discussed.
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Estimates of global biomass burning emissions for reactive
greenhouse gases (CO, NMHCs, and NOx) and CO2
Atul K. Jain
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D06304,
doi:10.1029/2005JD006237, 2006
Open fire biomass burning and domestic biofuel burning (e.g., cooking,
heating, and charcoal making) algorithms have been incorporated into a
terrestrial ecosystem model to estimate CO2 and key reactive GHGs (CO,
NOx, and NMHCs) emissions for the year 2000. The emissions are
calculated over the globe at a 0.5° × 0.5° spatial resolution using tree
density imagery, and two separate sets of data each for global area burned
and land clearing for croplands, along with biofuel consumption rate data.
The estimated global and annual total dry matter (DM) burned due to open
fire biomass burning ranges between 5221 and 7346 Tg DM/yr, whereas
the resultant emissions ranges are 6564–9093 Tg CO2/yr, 438–568 Tg
CO/yr, 11–16 Tg NOx/yr (as NO), and 29–40 Tg NMHCs/yr. The results
indicate that land use changes for cropland is one of the major sources of
biomass burning, which amounts to 25–27% (CO2), 25 –28% (CO), 20–
23% (NO), and 28–30% (NMHCs) of the total open fire biomass burning
emissions of these gases. Estimated DM burned associated with domestic
biofuel burning is 3,114 Tg DM/yr, and resultant emissions are 4825 Tg
CO2/yr, 243 Tg CO/yr, 3 Tg NOx/yr, and 23 Tg NMHCs/yr. Total
emissions from biomass burning are highest in tropical regions (Asia,
America, and Africa), where we identify important contributions from primary
forest cutting for croplands and domestic biofuel burning.

Time-dependent inversion estimates of global biomass-burning CO
emissions using Measurement of Pollution in the Troposphere
(MOPITT) measurements
Avelino F. Arellano Jr. et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D09303, 17 PP., 2006
doi:10.1029/2005JD006613
We present an inverse-modeling analysis of CO emissions using column CO
retrievals from the Measurement of Pollution in the Troposphere (MOPITT)
instrument and a global chemical transport model (GEOS-CHEM). We first
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focus on the information content of MOPITT CO column retrievals in terms
of constraining CO emissions associated with biomass burning and fossil
fuel/biofuel use. Our analysis shows that seasonal variation of biomassburning CO emissions in Africa, South America, and Southeast Asia can be
characterized using monthly mean MOPITT CO columns. For the fossil
fuel/biofuel source category the derived monthly mean emission estimates are
noisy even when the error statistics are accurately known, precluding a
characterization of seasonal variations of regional CO emissions for this
source category. The derived estimate of CO emissions from biomass burning
in southern Africa during the June–July 2000 period is significantly higher
than the prior estimate (prior, 34 Tg; posterior, 13 Tg). We also estimate
that emissions are higher relative to the prior estimate in northern Africa
during December 2000 to January 2001 and lower relative to the prior
estimate in Central America and Oceania/Indonesia during April–May and
September–October 2000, respectively. While these adjustments provide better
agreement of the model with MOPITT CO column fields and with
independent measurements of surface CO from National Oceanic and
Atmospheric Administration Climate Monitoring and Diagnostics Laboratory at
background sites in the Northern Hemisphere, some systematic differences
between modeled and measured CO fields persist, including model
overestimation of background surface CO in the Southern Hemisphere.
Characterizing and accounting for underlying biases in the measurement
model system are needed to improve the robustness of the top-down
estimates.

Carbon emissions from a temperate peat fire and its relevance to
interannual variability of trace atmospheric greenhouse gases
Benjamin Poulter et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D06301,
doi:10.1029/2005JD006455, 2006
The contribution of wildfire in peatlands outside of boreal and tropical regions
to interannual variability of global carbon emissions has been relatively little
studied. There are 0.19 to 0.88 million km2 of localized peat deposits in
the temperate zone (30–50° latitude) where drainage and climate change
may affect the status of this potentially large carbon pool. For example, in
the coastal plain of North Carolina, USA, where wildfire is common, over
325 teragrams of carbon (Tg C) are stored in peat deposits up to 5 m
deep. We estimated carbon emissions for a temperate peatland fire in North
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Carolina using remote sensing to reconstruct burn severity and topographic
lidar to constrain peat burn depths. Total carbon emissions for the fire
ranged from 1 to 3.8 Tg, with spatially heterogeneous patterns of carbon
fluxes (0.2 to 11 kg C m−2) responding to variation in vegetation type,
peat burn depth, soil substrate (mineral or organic), and fire severity. To
maintain a carbon sink in this region at the current rates of carbon
sequestration (0.109 to 0.127 kg C m−2 yr−1) we estimated a fire return
interval of greater than 20–80 years. Continued drainage and future drought
could decrease the fire return interval to less than 20 years or increase
peat burn depths thereby converting these peatlands into a net carbon
source. On a global scale, this study suggests that temperate peatland fires
may emit up to 0.32 petagrams of carbon during drought years, a
significant contribution to interannual greenhouse gas variability.

Relaxing the well-mixed greenhouse gas approximation in climate
simulations: Consequences for stratospheric climate
C. L. Curry et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D08104,
doi:10.1029/2005JD006670, 2006
The climatic consequences of relaxing the uniform greenhouse gas (GHG)
assumption in the Canadian Centre for Climate Modelling and Analysis
atmospheric general circulation model are examined. A simple chemical loss
parameterization for nitrous oxide, methane, CFC-11, and CFC-12 is
employed that includes stratospheric water vapor production from methane
oxidation. Multidecadal mean distributions of these species are obtained that
compare reasonably well with UARS satellite observations of the stratosphere.
The radiative impact of these changes is a widespread cooling of the
stratosphere (with a spatially averaged, annual mean value of 0.6 K),
compared to the model with specified uniform GHG distributions. This cooling
results from an approximate doubling of the amount of middle to upper
stratospheric moisture (as a result of methane oxidation) and exceeds the
radiatively induced warming due to decreases in the other GHGs. Annual
mean temperature changes of up to +8 K in the upper winter polar
stratosphere, by contrast, are dynamically induced because of increases in
the residual mean circulation and associated heating.
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Multimodel ensemble simulations of present-day and near-future
tropospheric ozone
D. S. Stevenson et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D08301,
doi:10.1029/2005JD006338, 2006
Global tropospheric ozone distributions, budgets, and radiative forcings from
an ensemble of 26 state-of-the-art atmospheric chemistry models have been
intercompared and synthesized as part of a wider study into both the air
quality and climate roles of ozone. Results from three 2030 emissions
scenarios, broadly representing "optimistic," "likely," and "pessimistic"
options, are compared to a base year 2000 simulation. This base case
realistically represents the current global distribution of tropospheric ozone. A
further set of simulations considers the influence of climate change over the
same time period by forcing the central emissions scenario with a surface
warming of around 0.7K. The use of a large multimodel ensemble allows us
to identify key areas of uncertainty and improves the robustness of the
results. Ensemble mean changes in tropospheric ozone burden between 2000
and 2030 for the 3 scenarios range from a 5% decrease, through a 6%
increase, to a 15% increase. The intermodel uncertainty (±1 standard
deviation) associated with these values is about ±25%. Model outliers have
no significant influence on the ensemble mean results. Combining ozone and
methane changes, the three scenarios produce radiative forcings of −50,
180, and 300 mW m−2, compared to a CO2 forcing over the same time
period of 800–1100 mW m−2. These values indicate the importance of air
pollution emissions in short- to medium-term climate forcing and the
potential for stringent/lax control measures to improve/worsen future climate
forcing. The model sensitivity of ozone to imposed climate change varies
between models but modulates zonal mean mixing ratios by ±5 ppbv via a
variety of feedback mechanisms, in particular those involving water vapor and
stratosphere-troposphere exchange. This level of climate change also reduces
the methane lifetime by around 4%. The ensemble mean year 2000
tropospheric ozone budget indicates chemical production, chemical destruction,
dry deposition and stratospheric input fluxes of 5100, 4650, 1000, and 550
Tg(O3) yr−1, respectively. These values are significantly different to the
mean budget documented by the Intergovernmental Panel on Climate Change
(IPCC) Third Assessment Report (TAR). The mean ozone burden (340
Tg(O3)) is 10% larger than the IPCC TAR estimate, while the mean
ozone lifetime (22 days) is 10% shorter. Results from individual models
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show a correlation between ozone burden and lifetime, and each model's
ozone burden and lifetime respond in similar ways across the emissions
scenarios. The response to climate change is much less consistent. Models
show more variability in the tropics compared to midlatitudes. Some of the
most uncertain areas of the models include treatments of deep tropical
convection, including lightning NO3 production; isoprene emissions from
vegetation and isoprene's degradation chemistry; stratosphere-troposphere
exchange; biomass burning; and water vapor concentrations.

The concentration and number size distribution measurements of the
Marine Boundary Layer aerosols over the Indian Ocean
Vimlesh Pant, C.G. Deshpande, A.K. Kamra*
Atmospheric Research 92 (2009) 381–393
The measurements of total number concentration and number size distribution
of aerosols in size ranges of 16–700 nmand 0.5–20 μmdiameters made
from 14°N to 56°S in the Indian ocean during January 23 to March 31,
2004, are reported. The average values of total number (mass)
concentration of micrometer aerosols (0.5–20 μm) are 7.2±3 cm−3 (8.89
μg m−3) from 14°N to the Inter-Tropical Convergence Zone (ITCZ),
4.6±2 cm−3 (4.9 μg m−3) in the ITCZ, 3.0± 1.4 cm−3 (5.78 μg
m−3) in the trade wind region from 8°–30°S, 3.8±2.6 cm−3 (7.9 μg
m−3) from 30°–40°S, and 5.8±3.5 cm−3 (9.65 μg m−3) in the
roaring forties from 40°–56°S. Latitudinal distribution of such aerosols shows
that their number concentration is minimum (0.5 cm−3) at 11°S and
increases on either side of this location. Size distributions of micrometer
aerosols in all latitudinal belts show a maxima in coarse mode at 0.5–1.5
μm diameter. The correlation coefficient in the aerosol concentration–wind
speed relations of these aerosols is observed to differ in different latitudinal
belts and has maximum value in the belt of strongest winds. Also, diurnal
variations of the average aerosol concentration and wind speed show some
similarity in belts of strong winds. Total number concentration of
submicrometer (16–700 nm) particles is also minimum in the southern trade
wind region and their size distribution is bimodal with maxima in Aitken
mode (~50 nm) and accumulation mode (~130 nm). South of the ITCZ,
concentrations of both, total number and Aitken mode particles normally
increase with latitude. The increase in Aitken mode particles at high latitudes
is large enough for the Aitken mode maxima to superimpose the
accumulation mode maxima. Observations suggest that addition of Aitken
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particles is so fast that process of coagulation is not able to reach
equilibrium to develop a distinct accumulation maxima. Observations show
that pristine air of the trade wind region in the Southern Hemisphere can be
advected to mid-latitudes along the ridge developed between anticyclonic and
cyclonic systems.

A preliminary assessment of major air pollutants in the city of Suzhou,
China
Francesca Costabile , Giuliano Bertoni , Franco Desantis , Fenjuan Wang ,
Hong Weimin , Liu Fenglei band Ivo Allegrini
Atmospheric Environment Volume 40, Issue 33, October 2006, Pages 6380–6395
Nitrogen oxides (NO2 and NOx), sulphur dioxide (SO2), and benzene,
toluene, xylene (BTX) in ambient air were preliminarily assessed, by
diffusive sampling technique, in 2003 through three measurement campaigns
at 100 locations in the Chinese city of Suzhou. Statistical analysis of space
series so-generated was performed to infer source contributions and
frequency distributions (FD). It was found that nitrogen oxides, benzene
and xylene were mostly emitted from motor vehicles; in contrast, industrial
sources were a major contributor to sulfur and toluene pollution. Normal FD
(NFD) described significantly SO2 in summer and NO2 and NOx in autumn
(95% confidence interval); on the contrary, BTX presented a most peculiar
FD rather different to the NFD. Lognormal distribution was often
unacceptable. Predominant factors influencing FDs and its normality were
found to be associated to those elements conditioning air pollutant diffusion:
meteorology (wind speed and direction), relevant emission sources
(especially for toluene), emission seasonality (mainly for SO2 and NOx),
and photochemistry (mainly for NO2 and xylene).

Inventory of black carbon and organic carbon emissions from China
Guoliang Cao , Xiaoye Zhang and Fangcheng Zheng
Atmospheric Environment (2006) Volume: 40, Issue: 34, Publisher: Elsevier,
Pages: 6516-6527
We present detailed high-resolution emission inventories of black carbon
(BC) and organic carbon (OC) from China in the year 2000. The latest
fuel consumption data, including fossil and biomass fuels and socio-economic
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statistics were obtained from government agencies, mostly at the county
level. Some new emission factors (EFs) from local measurements also were
used. National and regional summaries of emissions are presented, and
girded emissions at 0.2°×0.2° resolution are shown. Our calculated emissions
were 1500 Gg for BC and 4100 Gg for OC, mainly due to the burning of
coal and biofuels. The carbonaceous aerosol emissions estimated here are
higher than those in previous studies, mainly because coal burning by rural
industries and residences were previously underestimated. More carbonaceous
aerosols are emitted from eastern China than western China. A strong
seasonal dependence is observed for emissions, with peaks in May and
October and low emissions in April and July; this seasonality is mainly due
to patterns in residential heating and agriculture waste open burning.

Validation of Polar Ozone and Aerosol Measurement (POAM) III
version 4 stratospheric water vapor
J. Lumpe et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D11301,
doi:10.1029/2005JD006763, 2006
The Polar Ozone and Aerosol Measurement (POAM) III solar occultation
instrument has been measuring water vapor at high latitudes since April
1998. Retrievals extend from 5 to 50 km, with 5–7% precision throughout
the stratosphere and a vertical resolution of 1 (3) km in the lower
(upper) stratosphere. Estimated systematic errors in the stratosphere are
10–15%. In this paper, we validate the POAM III version 4 stratospheric
water vapor using correlative measurements from satellite, airborne, and
balloon-borne platforms. The resulting comparisons show that POAM water
vapor is high compared to correlative measurements in the middle to lower
stratosphere. The satellite (Halogen Occultation Experiment (HALOE) and
Stratospheric Aerosol and Gas Experiment (SAGE) II) comparisons also
indicate a sunrise/sunset bias in the POAM data, with sunset (Southern
Hemisphere) retrievals larger than sunrise (Northern Hemisphere) retrievals
by 5–10%. In the Northern Hemisphere, POAM is approximately 5–10% high
compared to all validation data sets between 12 and 35 km. At higher
altitudes this difference decreases, such that POAM agrees with HALOE at
40 km and is lower by 10% at 50 km. In the Southern Hemisphere, POAM
is 15–25% higher than HALOE below 35 km, with differences decreasing to
10% by 50 km. Similar differences are seen with SAGE II. Despite these
systematic differences the POAM water vapor data are self-consistent and
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show no long-term trends in accuracy or precision. Statistical comparisons of
the water vapor variability measured by POAM, HALOE, and SAGE II show
very good agreement. The POAM data are therefore valid for scientific
studies, and the science community is encouraged to use this unique data
set.

PM2.5 chemical composition and spatiotemporal variability during the
California Regional PM10/PM2.5 Air Quality Study (CRPAQS)
Judith C. Chow et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D10S04, 17 PP., 2006
doi:10.1029/2005JD006457
The 14-month-long (December 1999 to February 2001) Central California
Regional PM10/PM2.5 Air Quality Study (CRPAQS) consisted of acquiring
speciated PM2.5 measurements at 38 sites representing urban, rural, and
boundary environments in the San Joaquin Valley air basin. The study's goal
was to understand the development of widespread pollution episodes by
examining the spatial variability of PM2.5 ammonium nitrate(NH4NO3), and
carbonaceous material on annual, seasonal, and episodic timescales. It was
found that PM2.5 and NH4NO3 concentrations decrease rapidly as altitude
increases, confirming that topography influences the ventilation and transport
of pollutants. High PM2.5 levels from November 2000 to January 2001
contributed to 50–75% of annual average concentrations. Contributions from
organic matter differed substantially between urban and rural areas. Winter
meteorology and intensive residential wood combustion are likely key factors
for the winter-nonwinter and urban-rural contrasts that were observed.
Short-duration measurements during the intensive operating periods confirm
the role of upper air currents on valley-wide transport of NH4NO3. Zones of
representation for PM2.5 varied from 5 to 10 km for the urban Fresno and
Bakersfield sites, and increased to 15–20 km for the boundary and rural
sites. Secondary NH4NO3occurred region-wide during winter, spreading over a
much wider geographical zone than carbonaceous aerosol.

Global observed changes in daily climate extremes of temperature
and precipitation
L. V. Alexander et.al
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D05109,
doi:10.1029/2005JD006290, 2006
A suite of climate change indices derived from daily temperature and
precipitation data, with a primary focus on extreme events, were computed
and analyzed. By setting an exact formula for each index and using
specially designed software, analyses done in different countries have been
combined seamlessly. This has enabled the presentation of the most up-todate and comprehensive global picture of trends in extreme temperature and
precipitation indices using results from a number of workshops held in datasparse regions and high-quality station data supplied by numerous scientists
world wide. Seasonal and annual indices for the period 1951–2003 were
gridded. Trends in the gridded fields were computed and tested for statistical
significance. Results showed widespread significant changes in temperature
extremes associated with warming, especially for those indices derived from
daily minimum temperature. Over 70% of the global land area sampled
showed a significant decrease in the annual occurrence of cold nights and a
significant increase in the annual occurrence of warm nights. Some regions
experienced a more than doubling of these indices. This implies a positive
shift in the distribution of daily minimum temperature throughout the globe.
Daily maximum temperature indices showed similar changes but with smaller
magnitudes. Precipitation changes showed a widespread and significant
increase, but the changes are much less spatially coherent compared with
temperature change. Probability distributions of indices derived from
approximately 200 temperature and 600 precipitation stations, with nearcomplete data for 1901–2003 and covering a very large region of the
Northern Hemisphere midlatitudes (and parts of Australia for precipitation)
were analyzed for the periods 1901–1950, 1951–1978 and 1979–2003.
Results indicate a significant warming throughout the 20th century.
Differences in temperature indices distributions are particularly pronounced
between the most recent two periods and for those indices related to
minimum temperature. An analysis of those indices for which seasonal time
series are available shows that these changes occur for all seasons although
they are generally least pronounced for September to November. Precipitation
indices show a tendency toward wetter conditions throughout the 20th
century.
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Comparison of oil and fuel particle chemical signatures with particle
emissions from heavy and light duty vehicles
Matthew T. Spencer, Laura G. Shields, David A. Sodeman , Stephen M.
Toner and Kimberly A. Prather a
Atmospheric Environment (2006) Volume: 40, Issue: 27, Pages: 5224-5235
In order to establish effective vehicle emission control strategies, efforts are
underway to perform studies which provide insight into the origin of the
source of vehicle particle emissions. In this study, the mass spectral
signatures of individual particles produced from atomized auto and diesel oil
and fuel samples were obtained using aerosol time-of-flight mass
spectrometry (ATOFMS). The major particle types produced by these
samples show distinct chemistry, falling into several major categories for each
sample. Lubricating oils contain calcium and phosphate based additives and
although the additives are present in low abundance (1–2% by mass),
calcium and phosphate ions dominate the mass spectra for all new and
used oil samples. Mass spectra from used oil contain more elemental carbon
(EC) and organic carbon (OC) marker ions when compared to new oils
and exhibit a very high degree of similarity to heavy duty diesel vehicle
(HDDV) exhaust particles sampled by an ATOFMS. Fewer similarities exist
between the used oil particles and light duty vehicle (LDV) emissions.
Diesel and unleaded fuel mass spectra contain polycyclic aromatic
hydrocarbon (PAH) molecular ions, as well as intense PAH fragment
ions 25(C2H)−, 49(C4H)−, and inorganic ions 23Na+, 39K+, 95(PO4)−.
Unleaded fuel produced spectra which contained Na+ and K+; likewise, LDV
particle emission spectra also contained Na+ and K+. Comparing oil and fuel
particle signatures with HDDV and LDV emissions enhances our ability to
differentiate between these sources and understand the origin of specific
marker ions from these major ambient particle sources.

Satellite remote sensing of particulate matter and air quality assessment
over global cities
Pawan Gupta , Sundar A. Christopher , Jun Wang , Robert Gehrig , Yc Lee and
Naresh Kumar
Atmospheric Environment 40 (2006) 5880–5892
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Using 1 year of aerosol optical thickness (AOT) retrievals from the
MODerate resolution Imaging Spectro-radiometer (MODIS) on board NASA's
Terra and Aqua satellite along with ground measurements of PM2.5 mass
concentration, we assess particulate matter air quality over different locations
across the global urban areas spread over 26 locations in Sydney, Delhi,
Hong Kong, New York City and Switzerland. An empirical relationship
between AOT and PM2.5 mass is obtained and results show that there is an
excellent correlation between the bin-averaged daily mean satellite and
ground-based values with a linear correlation coefficient of 0.96. Using
meteorological and other ancillary datasets, we assess the effects of wind
speed, cloud cover, and mixing height (MH) on particulate matter (PM)
air quality and conclude that these data are necessary to further apply
satellite data for air quality research. Our study clearly demonstrates that
satellite-derived AOT is a good surrogate for monitoring PM air quality over
the earth. However, our analysis shows that the PM2.5–AOT relationship
strongly depends on aerosol concentrations, ambient relative humidity (RH),
fractional cloud cover and height of the mixing layer. Highest correlation
between MODIS AOT and PM2.5 mass is found under clear sky conditions
with less than 40–50% RH and when atmospheric MH ranges from 100 to
200 m. Future remote sensing sensors such as Cloud-Aerosol Lidar and
Infrared Pathfinder Satellite Observations (CALIPSO) that have the capability
to provide vertical distribution of aerosols will further enhance our ability to
monitor and forecast air pollution. This study is among the first to examine
the relationship between satellite and ground measurements over
several global locations.

Observations of Asian air pollution in the free troposphere at Mount
Bachelor Observatory during the spring of 2004
Peter Weiss-Penzias et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D10304,
doi:10.1029/2005JD006522, 2006
This paper describes the chemical, aerosol, and meteorological measurements
taken at Mount Bachelor Observatory (MBO), a new mountaintop site in
central Oregon, USA (44.0°N, 121.7°W, 2763 m above mean sea level).
During the initial campaign (28 March to 19 May 2004) we evaluated the
utility of this location as a site to observe the global atmosphere, especially
the free troposphere (FT). We observed some boundary layer
(BL)/upslope flow during the daytime, which produced a 37–62% higher
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average water vapor mixing ratio (WV) compared to radiosonde data taken
from similar altitudes in western Oregon. However, recently subsided air
masses with low WV contained significantly elevated concentrations of carbon
monoxide (CO), total gaseous mercury (TGM), and ozone (O3, (25
ppbv, 0.16 ng/m3, and 13.9 ppbv, respectively), compared to periods with
high-WV measurements. These enhancements represent a significant influence
from Asian long-range transport (ALRT). One specific time period
("event") on 25 April produced some of the largest CO, TGM, O3, and
particulate scattering (σsp) measurements ever seen along the West Coast
due to ALRT. Enhancement ratios between these species are consistent with
the major source being Asian industrial emissions. In particular, the
ΔTGM/ΔCO enhancement ratio was 0.0045–0.0048 ng/m3/ppbv for all
ALRT events, similar to the value previously obtained from pollution plumes
directly downwind of east Asia. A smaller pollution event of North American
origin produced a ΔTGM/ΔCO value of only 0.0013 ng/m3/ppbv,
suggesting that the ΔTGM/ΔCO value is an effective tracer of ALRT.
Finally, thousands of kinematic back trajectories were calculated for each
event to evaluate sources and transport processes.

A high-resolution NOx emission factor model for North American motor
vehicles
Rakesh B. Singh, and James J. Sloan
Atmospheric Environment (2006) Volume: 40, Issue: 27, Pages: 5214-5223
Criteria air contaminant inventories in Canada show that approximately 60%
of NOx is produced from the transportation sector alone. NO2, which is
present at higher levels in the winter than in the summer, has been
identified as the main pollutant responsible for non-traumatic deaths and
hospitalization in Canadian cities. Therefore, accurate emission estimates of
vehicle-generated NOx are needed, especially at the micro-scale level.
The MOBILE emission model, which is widely used in Canada, provides only
aggregated emission factors at very low resolution. Many studies have shown
that MOBILE emission data are unreliable for many applications—particularly
for air-quality modelling. In contrast to the aggregated nature of
the MOBILE data, the new disaggregated model, MicroFacNOx, uses timedependent site-specific vehicle fleet information to calculate emission factors
at high spatial and temporal resolution. MicroFacNOx evaluation in a range of
traffic fleet and meteorological conditions shows very encouraging results.
Sensitivity analyses of the model reveal that its results depend on traffic
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fleet composition, speed and ambient temperature. MicroFacNOx results are
suitable for use in human exposure assessment and by city planners in
decision making for growth management. The effect of vehicle-related
NOx on ozone in the vicinity of a large urban area is a good example of
an unsolved problem that would benefit from the MicroFacNOx modelling
approach.

Influence of relative humidity upon pollution and dust during ACEAsia: Size distributions and implications for optical properties
S. G. Howell et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D06205,
doi:10.1029/2004JD005759, 2006
An extensive set of aerosol physical and optical measurements was taken
over the waters east of Asia during the Aerosol Characterization ExperimentAsia (ACE-Asia) project in the spring of 2001. Dust storms upwind of the
study area combined with intense pollution plumes from coastal cities yielded
an opportunity to examine both types of aerosol, in isolation and as they
interacted. Scattering calculated from aerosol size distributions measured with
an optical particle counter agreed well with simultaneous nephelometer
measurements. We periodically heated sample air to evaporate sulfates and
organic material. The change in volume upon heating agreed well with
simultaneous measurements of aerosol composition. This volatile material was
distributed on dust in rough proportion to surface area. Here we use the
particle size and composition data to improve estimates of scattering at
ambient humidity and to examine the effects of mixing on the optical
properties of both pollution and dust aerosols. The presence of dust results
in uptake of soluble and condensible species onto its surface and thereby
reduces the mass scattering efficiency of the pollution aerosol by 50% and
suppresses the change in scattering due to relative humidity (f(RH)) by
up to 35%.

Ozone, water vapor, and temperature in the upper tropical
troposphere: Variations over a decade of MOZAIC measurements
Sarah E. Bortz et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D05305,
doi:10.1029/2005JD006512, 2006
318

The MOZAIC (Measurement of Ozone and Water Vapor by Airbus In-service
Aircraft) program (Marenco et al., 1998) has archived in situ
measurements of temperature, water vapor, and ozone from August 1994 to
December 2003. We analyze the trends, seasonality, and interannual
variability of these quantities at aircraft cruise levels (7.7–11.3 km) within
the tropics (20°S–20°N). Mean lapse rates for temperature and log(water
vapor) are nearly identical in both tropics. The root-mean-square variance
in temperature over cruise levels, seasons, and years is small, ≤1°C. The
seasonal range in water vapor, a factor of 2.5, is much larger than
expected from the seasonal range in temperature (1.7°C) if the two scale
with the lapse rate relation or the Clausius-Clapeyron equation. The mean
ozone abundance in the region sampled is 45 ppb in the north tropics and
50 ppb in the south tropics. This 112-month period shows a clearly linear
increase in ozone over the north tropics with a trend fit of 1.12 ± 0.05
ppb/yr. In the south tropics, which has a large seasonal range of over 25
ppb, the trend is less obvious but still robust, 1.03 ± 0.08 ppb/yr. These
trends in the upper troposphere are twice as large as reported for surface
ozone over the tropical Atlantic (Lelieveld et al., 2004), but this pattern of
ozone increases is consistent with projected increases driven by industrial
emissions.

Aromatic hydrocarbons emissions in diesel and biodiesel exhaust
Sérgio Machado Corrêa and Graciela Arbilla
Atmospheric Environment Volume 40, Issue 35, November 2006, Pages 6821–
6826
Regulated emissions of biodiesel blends are reasonably well documented in
several works, non-regulated emissions, on the contrary, lack research. In
this work, mono- and polycyclic aromatic hydrocarbons (MAHs and PAHs,
respectively) emission tests were performed with a heavy-duty diesel engine,
fueled with pure diesel (D) and biodiesel blends (v/v) of 2% (B2), 5%
(B5) and 20% (B20%). The main objective of this study is to investigate
the effect of the biodiesel addition on the emission profile of MAHs and
PAHs. The tests were conducted using a six cylinder heavy-duty engine,
typical of the Brazilian fleet of urban buses, in a steady-state condition
under 1500 rpm. The PAHs were sampled with Teflon filters and XAD-2
cartridges and were identified by gaseous chromatograph coupled to a mass
spectrometer (GC/MS) and quantified by flame ionization detection
(GC/FID). The MAHs were sampled with active charcoal cartridges and
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analyzed by GC/FID. Both MAHs and PAHs filters and cartridges were
extracted with dichloromethane in an ultrasonic bath. Ten PAHs and eight
MAHs were identified and the average reduction of MAHs was 4.2% (B5),
8.2% (B5), and 21.1% (B20). The average reduction for PAHs was 2.7%
(B2), 6.3% (B5), and 17.2% (B20). However, some PAHs and MAHs
emissions increased because of/due to the biodiesel blends like
phenanthrene, ethyl benzene, and trimethyl benzenes.

Chemical ozone loss and related processes in the Antarctic winter
2003 based on Improved Limb Atmospheric Spectrometer (ILAS)–II
observations
Simone Tilmes et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D11S12, 14 PP., 2006
doi:10.1029/2005JD006260
In this study, ILAS-II (Improved Limb Atmospheric Spectrometer)
measurements were used to analyze chemical ozone loss during the entire
Antarctic winter 2003, using the tracer-tracer correlation technique. The
temporal evolution of both the accumulated local chemical ozone loss and
the loss in column ozone in the lower stratosphere is in step with increasing
solar illumination. Half of the entire loss in column ozone of 157 DU
occurred during September 2003. By the end of September 2003, almost
the total amount of ozone was destroyed between 380 and 470 K. Further,
ozone loss rates increased strongly during September for the entire lower
stratosphere. The values of accumulated ozone loss and ozone loss rates
are strongly dependent on altitude. Once ozone loss is saturated during
September, especially at latitudes between 380 and 420 K, ozone loss
rates decrease, and accumulated ozone loss can no longer increase.
Moreover, at altitudes above 470 K, accumulated ozone loss depends on
the amount of PSCs occurring during winter and spring. During September,
ozone mixing ratios show a large day to day variation. Box model
simulations by the Chemical Lagrangian Model of the Stratosphere (CLaMS)
show that this is a result of the different histories of the observed air
masses. Further, the box model supports the general evolution of ozone loss
values during September as a result of the strong increase of halogen
catalyzed ozone destruction.
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On the origin of surface ozone and reactive nitrogen observed at a
remote mountain site in the northeastern Qinghai-Tibetan Plateau,
western China
T. Wang et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D08303,
doi:10.1029/2005JD006527, 2006
Measurements of surface ozone (O3), carbon monoxide (CO), nitric oxide
(NO), and total reactive nitrogen (NOy) were made, in conjunction with
other trace gases and fine aerosols, at Mount Waliguan (WLG, 36.28°N,
100.90°E, 3816 m above sea level) in the late spring and summer of
2003 in order to better understand the source(s) of ozone and other
chemically active gases over the remote highlands of western China. The
average mixing ratio (plus or minus standard deviation) was 58 (±9)
ppbv for O3, 155 (±41) ppbv for CO, and 3.83 (±1.46) ppbv for NOy in
the spring phase, compared to a summer average value of 54 (±11) ppbv
for O3, 125 (±36) ppbv for CO, and 3.60 (±1.13) ppbv for NO y. The
daytime (0800–1759 local time) average NO mixing ratios were 72 (±79)
pptv and 47 (±32) pptv in the spring and summer, respectively. The
ozone mixing ratios exhibited a minimum in late morning, while CO (and
NOy in spring) showed enhanced concentrations at night. The latter is in
contrast to the diurnal behaviors observed in many remote mountain sites.
Analysis of 10-day back trajectories using output from Fifth-Generation
National Center for Atmospheric Research/Penn State University Mesoscale
Model (MM5) simulations shows that air masses from the remote western
regions contained the lowest level of CO (121–129 ppbv) but had the
highest O3 (60 ppbv), compared to the other three air mass groups that
were impacted by anthropogenic emissions in eastern/southern China and in
the Indian subcontinent. Ozone correlated negatively with CO (and water
vapor content), particularly during summer in air originating in the west,
suggesting that the high-ozone events were mostly derived from the
downward transport of the upper tropospheric air and not from anthropogenic
pollution. An examination of in situ chemical measurements (CONOy correlation, ethyne/propane, and benzene/propane) as well as
Measurements of Pollution in the Troposphere (MOPITT) and ModerateResolution Imaging Spectroradiometer (MODIS) remote-sensing data revealed
some impacts from forest fires in central Asia in the late spring of 2003 on
the background concentrations of trace gases over western China. While the
O3 and CO levels at WLG are comparable to those at remote continental
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sites in Europe and North America, the NOy concentrations were substantially
higher at WLG. The possible reasons for the abnormally high NOy levels are
discussed. While more studies are needed to pin down these
sources/causes, including a possible contribution from long-range transport,
we believe that microbial processes in soils and animal wastes associated
with animal grazing were an important cause of the elevated NOy. The
observed daytime NO concentrations imply a net photochemical production of
O3 at WLG, suggesting a positive contribution of photochemistry to the
ozone budget.

Global impact of road traffic on atmospheric chemical composition
and on ozone climate forcing
Ulrike Niemeier et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D09301,
doi:10.1029/2005JD006407, 2006
Automobile emissions are known to contribute to local air pollution and to
photochemical smog in urban areas. The impact of road traffic on the
chemical composition of the troposphere at the global scale and on climate
forcing is less well quantified. Calculations performed with the chemical
transport MOZART-2 model show that the concentrations of ozone and its
precursors (NOx, CO, and hydrocarbons) are considerably enhanced in
most regions of the Northern Hemisphere in response to current surface
traffic. During summertime in the Northern Hemisphere, road traffic has
increased the zonally averaged ozone concentration by more than 10% in the
boundary layer and in the extratropics by approximately 6% at 500 hPa and
2.5% at 300 hPa. The summertime surface ozone concentrations have
increased by typically 1–5 ppbv in the remote regions and by 5–20 ppbv in
industrialized regions of the Northern Hemisphere. The corresponding ozonerelated radiative forcing is 0.05 Wm−2. In order to assess the sensitivity of
potential changes in road traffic intensity, two additional model cases were
considered, in which traffic-related emissions in all regions of the world were
assumed to be on a per capita basis the same as in Europe and in the
United States, respectively. In the second and most dramatic case, the
surface ozone concentration increases by 30–50 ppbv (50–100%) in south
Asia as compared to the present situation. Under this assumption, the global
radiative forcing due to traffic-generated ozone reaches 0.27 Wm−2.
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Long-term evolution of upper stratospheric ozone at selected stations
of the Network for the Detection of Stratospheric Change (NDSC)
W. Steinbrecht et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D10308,
doi:10.1029/2005JD006454, 2006
The long-term evolution of upper stratospheric ozone has been recorded by
lidars and microwave radiometers within the ground-based Network for the
Detection of Stratospheric Change (NDSC), and by the space-borne Solar
Backscatter Ultra-Violet instruments (SBUV), Stratospheric Aerosol and Gas
Experiment (SAGE), and Halogen Occultation Experiment (HALOE).
Climatological mean differences between these instruments are typically
smaller than 5% between 25 and 50 km. Ozone anomaly time series from
all instruments, averaged from 35 to 45 km altitude, track each other very
well and typically agree within 3 to 5%. SBUV seems to have a slight
positive drift against the other instruments. The corresponding 1979 to 1999
period from a transient simulation by the fully coupled MAECHAM4-CHEM
chemistry climate model reproduces many features of the observed anomalies.
However, in the upper stratosphere the model shows too low ozone values
and too negative ozone trends, probably due to an underestimation of
methane and a consequent overestimation of ClO. The combination of all
observational data sets provides a very consistent picture, with a long-term
stability of 2% or better. Upper stratospheric ozone shows three main
features: (1) a decline by 10 to 15% since 1980, due to chemical
destruction by chlorine; (2) two to three year fluctuations by 5 to 10%,
due to the Quasi-Biennial Oscillation (QBO); (3) an 11-year oscillation by
about 5%, due to the 11-year solar cycle. The 1979 to 1997 ozone trends
are larger at the southern mid-latitude station Lauder (45°S), reaching
−8%/decade, compared to only about −6%/decade at Table Mountain
(35°N),
Haute
Provence/Bordeaux
(≈45°N),
and
Hohenpeissenberg/Bern(≈47°N). At Lauder, Hawaii (20°N), Table
Mountain, and Haute Provence, ozone residuals after subtraction of QBOand solar cycle effects have levelled off in recent years, or are even
increasing. Assuming a turning point in January 1997, the change of trend
is largest at southern mid-latitude Lauder, +11%/decade, compared to
+7%/decade at northern mid-latitudes. This points to a beginning recovery
of upper stratospheric ozone. However, chlorine levels are still very high and
ozone will remain vulnerable. At this point the most northerly mid-latitude
station, Hohenpeissenberg/Bern differs from the other stations, and shows
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much less clear evidence for a beginning recovery, with a change of trend
in 1997 by only +3%/decade. In fact, record low upper stratospheric ozone
values were observed at Hohenpeissenberg/Bern, and to a lesser degree at
Table Mountain and Haute Provence, in the winters 2003/2004 and
2004/2005.

Dynamics of the sulphate aerosol size distribution on a global scale
Xiaoyan Ma et.al.
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D08206,
doi:10.1029/2005JD006620, 2006
Parameterizations for size-dependent aerosols have been implemented in the
Canadian Centre for Climate Modelling and Analysis (CCCma) atmospheric
general circulation model (AGCM). This new model version considers
comprehensive physical and chemical processes that are associated with the
sulphate aerosol size distribution, including nucleation, condensation,
hygroscopic growth, aqueous-phase chemistry, and dry and wet deposition.
Results from in situ surface and airborne observations and remote sensing
were used to validate the model. The comparisons give evidence for realistic
sulphate size distributions over the regions where sulphate is the dominant
aerosol type. In agreement with earlier published studies, it is found in
sensitivity tests that the global sulphate burden is predominantly affected by
wet deposition. However, the mass size distribution is mainly affected by
coagulation, condensation, and below-cloud scavenging on the global scale.
There is only weak sensitivity of the simulated mass size distribution to
changes in in-cloud oxidation and the efficiency of nucleation. It is shown
that the low sensitivities are caused by a compensating effect of coagulation
in the former and low sensitivity of the mass size distribution to changes in
nucleation rate and condensation efficiency for the latter case.

Bottom-up estimate of biomass burning in mainland China
Xiaoyuan Yan , Toshimasa Ohara and Hajime Akimoto
Atmospheric Environment Volume 40, Issue 27, September 2006, Pages 5262–
5273
To assess the contribution of biomass burning to the emissions of
atmospheric trace species in China, we estimated various biomass-burning
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activities using statistical data, survey data, expert estimates and a satellite
data set. Fuel wood and crop residue burned as fuel and in the field are
the major sources of biomass burning in China, accounting for nearly 90%
of the total biomass burning on dry weight base. Field burning of crop
residue estimated from satellite burned area is less than 1% of that
estimated from ground survey data; because of this and because biofuel is
burned indoor, the majority of biomass burning in China is not seeable from
satellite. Statistical data showed that the occurrence of forest fire in China
has decreased dramatically since the 1980s; however, the forest fire area
detected by satellites in 2000 was 13 times that shown by statistics.
Grassland fires are a minor source of biomass burning in China. We
estimated carbon monoxide (CO) emission from open biomass burning
(field burning of crop residue and forest and grassland fires) to be
16.5 Tg in 2000, with a 90% uncertainty range of 3.4–34 Tg. Uncertainties
in CO emission factors, especially for field burning of crop residue,
contributed much more to the variance than those in the activity data. This
suggests the importance of narrowing the uncertainty range of emission
factors.

Estimation of atmospheric methane emissions between 1996 and 2001
using a three-dimensional global chemical transport model
Yu-Han Chen. et.al
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D10307,
doi:10.1029/2005JD006058, 2006
Using an atmospheric inversion approach, we estimate methane surface
emissions for different methane regional sources between 1996 and 2001.
Data from 13 high-frequency and 79 low-frequency CH4 observing sites
have been averaged into monthly mean values with associated errors arising
from instrumental precision, mismatch error, and sampling frequency.
Simulated methane mole fractions are generated using the 3-D global
chemical transport model (MATCH), driven by NCEP analyzed observed
meteorology (T62 resolution), which accounts for the impact of synoptic and
interannually varying transport on methane observations. We adapted the
Kalman filter to optimally estimate methane flux magnitudes and uncertainties
from seven seasonally varying (monthly varying flux) and two aseasonal
sources (constant flux). We further tested the sensitivity of the inversion to
different observing sites, filtered versus unfiltered observations, different model
sampling strategies, and alternative emitting regions. Over the 1996–2001
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period the inversion reduces energy emissions and increases rice and
biomass burning emissions relative to the a priori emissions. The global
seasonal emission peak is shifted from August to July because of increased
rice and wetland emissions from southeast Asia. The inversion also attributes
the large 1998 increase in atmospheric CH4 to global wetland emissions.
The current CH4 observational network can significantly constrain northern
emitting regions but not tropical emitting regions. Better estimates of global
OH fluctuations are also necessary to fully describe interannual methane
observations. This is evident in the inability of the optimized emissions to
fully reproduce the observations at Samoa.

Modeling of episodic particulate matter events using a 3-D air
quality model with fine grid: Applications to a pair of cities in the
US/Mexico border
Yu-Jin Choi, Peter Hyde and H.J.S. Fernando
Atmospheric Environment Volume 40, Issue 27, September 2006, Pages 5181–
5201
High (episodic) particulate matter (PM) events over the sister cities of
Douglas (AZ) and Agua Prieta (Sonora), located in the US–Mexico
border, were simulated using the 3D Eulerian air quality model, MODELS3/CMAQ. The best available input information was used for the simulations,
with pollution inventory specified on a fine grid. In spite of inherent
uncertainties associated with the emission inventory as well as the chemistry
and meteorology of the air quality simulation tool, model evaluations showed
acceptable PM predictions, while demonstrating the need for including the
interaction between meteorology and emissions in an interactive mode in the
model, a capability currently unavailable in MODELS-3/CMAQ when dealing
with PM. Sensitivity studies on boundary influence indicate an insignificant
regional (advection) contribution of PM to the study area. The contribution
of secondary particles to the occurrence of high PM events was trivial. High
PM episodes in the study area, therefore, are purely local events that
largely depend on local meteorological conditions. The major PM emission
sources were identified as vehicular activities on unpaved/paved roads and
wind-blown dust. The results will be of immediate utility in devising PM
mitigation strategies for the study area, which is one of the US EPAdesignated non-attainment areas with respect to PM.
=========================================
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