
Malé Declaration/RSC7/5/2
Page 1

Atmospheric Brown Cloud (ABC)
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Indian Ocean Experiment (INDOEX, 1999) 
‐ an inception of ABC Programme 

Multiplatform observations 
• Satellites 
• Aircrafts 
• Ships
• Surface stations 
• Balloons

Ramanathan et al, 2001, JGR

Atmospheric Brown Clouds (ABCs) over South Asia

Widespread layers of brownish haze of regional scale plumes of air pollutants, 
consisting of mainly the aerosol particles (such as black carbon) and precursor 
gases which produce aerosols and ozone, these collectively termed as the ABCs 

10‐20 % reduction in the solar radiation reaching to earth resulting the significant 
heating of the atmosphere 

Ramanathan et al, 2001, JGR

Atmospheric Brown Cloud (ABC) Programme

Following the INDEOX results, UNEP the commissioned the ABC 
Programme in 2001:

• To further investigate the impacts of ABCs on climate, precipitation, 
agriculture, and health.

• To equip the policy makers with science‐based information for reducing 
the emissions of ABCs to tackle climate issues.

Objectives

• Observations: Establishment of a network of ground based observatories 
equipped with  advanced measured facilities across the Asia‐Pacific for 
data collection.

• Impact assessment: Assessment of the impacts of ABCs on climate, 
agriculture, water, and health using the observed data and models.

• Awareness and mitigation: Provide science‐based information to policy 
makers for the reduction of emissions of ABCs.

ABC Programme

ABC‐Asia
• Observatories
• Impact 

Assessment
• Mitigation
• Knowledge 

Management
• Awareness and 

Consensus on 
Policies

ABC‐Africa

Whitepaper 
containing detail plan 
drafted

• Identified potential 
observation sites. 

• Mitigation 
programme started

ABC‐Latin America

Whitepaper 
containing detail plan 
drafted

• ABC Steering Committee
• ABC‐International Science Team
• ABC‐Asia Science Team
• ABC‐Africa Science Team (yet to form)
• ABC‐Latin America (yet to form)
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ABC International
Coordinate the 3 regions and implement activities on cross cutting areas. Facilitate the

implementation of adaptation and mitigation programmes
V. Ramanathan (Chair), Chair ABC-Asia, Chair ABC-Africa, Chair ABC-Latin America

ABC-Asia
Coordinate the scientific activities in

Asia. Facilitate the Implementation
of ABC observatory programme
and impact assessment
programme

T. Nakajima (Chair); A. Jayaraman, S.
C. Yoon, and Z. Yuanhang (Vice
Chairs); V. Ramanathan, P. J.
Crutzen, G. R. Carmichael, S.
Fuzzi, H. Rodhe, K. R. Kim, M. G.
Lawrence, G. Y. Shi, J. Srinivasan.
Y. Kondo (Members);

Ex-officio members: IPCC (R. K.
Pachauri), and WMO (L. Jalkanen)

ABC-Africa ABC-Latin America

ABC Science Team

UNEP/RRCAP
Health Impact Group

CRI, Thailand

Water impact Group
NTU, Singapore

Agriculture impact 
Group IARI, New Delhi

Observatory Group
Site managers

Modeling Group

ABC Programme (Phase I & II)
• Observation: Established a network of 

ground based 12 (or more) observatories 

with state-of-the-art facilities for 

measurements aerosols and trace gases. 

About 250 scientists are working for the 

ABC Programme. 

• Impact assessment: Carryout Intensive 

Modeling Analysis (AMI) using 12 different 

models to assess the potential impacts of 

ABCs on agriculture, water, and health 

using the data from the monitoring stations.

• Awareness and response measures:

Commissioned Project Surya to study and 

mitigate ABC emissions from  biofuel.

Aerosol properties
Precipitation chemistry 
Gaseous species
Solar radiation
Meteorological parameters

About 180 
scientific articles

2002 2008 2013 (to be print)

2 issue in a year

ABC Climate Observatory System
• Continuous measurements; Aircraft

• Calibration programs

• Data centers

• Other networks: EANET, GAW, BSRN, AERONET, SKYNET, 
Lidar

NACO‐T

PCO‐ML

PCO‐MWJCO‐O

KCO‐G

TCO‐P

PCO‐MT
MCO‐G

MCO‐H

NCO‐G NCO‐P

ICO‐KICO‐P

Operational

Proposed

TBDCourtesy Prof. Nakajima, UT

Data Center
(RRCAP)

Data Analysis 
Facility

Modeling G. 
Data Collection

Facility

Impact Study 
Groups

Observatories

validation with 
observed data

formats
1st analysis

2nd analysis

narchive and distribution

comparison

Policy makers 
etc

gridded data

g

Applications:
Surya, 

agricultural 
burning, cars

Building web system for ABC modeling group 
at the University of Tokyo, Japan

Description of model
including 12 models

View model results
(Using browser)

How to participate 
this work

Configuration of server

Courtesy Prof. Nakajima, UT

Seoul National University, Korea (http://aerosol.snu.ac.kr/)

12 registered models to ABC modeling activity

• Global models (5)

– SPRINTARS (T. Nakajima and D. Goto, University of Tokyo and National Institute for 
Environmental Studies, Japan)

– GEOS‐Chem (R. J. Park, Seoul National University, Korea)

– BCC_AGCM2.0.1 (H. Zhang and Z. Wang, National Climate Center of China 
Meteorological Administration, China) 

– EMAC (M. G. Lawrence, Institute for Advanced Sustainability Studies, German)

– MATCH (M. G. Lawrence, Institute for Advanced Sustainability Studies, German)

• Regional models (5)

– CMAQ (C. H. Song, Gwangju Institute of Science and Technology, Korea)

– STEM (G. R. Carmichael, Iowa University, US)

– WRF‐Chem (S. ‐C. Yoon, Seoul National University, Korea)

– EMTACS (M. Kajino, Meteorological Research Institute, Japan)

– CMAQ (F. Meng, Chinese Research Academy of Environmental Sciences, China)

• Radiative transfer model (2)

– MACR: (C. E. Chung, Gwangju Institute of Science and Technology, Korea)

– FGOALS2_s (J. Li and Q. Bao, Institute of Atmospheric Physics, Chinese Academy of 
Sciences, China)

ABC modeling group
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Mechanisms through ABCs impact the climate

Radiative effect Cloud properties Snow-albedo

Ice cloud

Water 
cloud

Absorption
(Atmospheric heating)

Dimming (cooling) Column 
Warming

Absorption
(Cloud 

evaporation)

Scattering

BCCO2

Ramanathan and Charmicael, Nature Geoscience, 2008

Radiative forcing of Black Carbon is 
about half of the CO2 at TOA

Thick haze of ABCs over Nepal  on
14 April 2010

Flanner et al. ACP, 2009

Impacts of BC on regional climate

Atmospheric heating ( W/m2)

Surface dimming ( W/m2)

BC emission ( tons/year)

in the year 2000

1 Gigagram (Gg) = 1000,000 kg

• BC impacts regional 
climate.

Bond et al, 2013; Menon et al., 2010; Flanner et al. ACP, 2009, 
Ramanathan & Carmichael Nature Geoscience 2008.

Impacts of ABCs on regional climate

• Annual average AOD>0.3
• Absorbing aerosols >10%

ABC hot spots 
1. Indo Gangetic
2. East Asia
3.   Indonesian Region. 
4. Southern Africa.
5.   The Amazon basin.

Occurrence of ABC is a global phenomena

ABC Report 2008

Impact of ABCs on water resources 

Ramanathan and Charmicael, Nature Geoscience, 2008

Xu et al., 2006, JGR

• Weakened Asian Monsoon (~7%)

• 20% decrease in rainfall in Indo‐Gangatic plain since 1980s.

• North‐South sift of Monsoon in China

Impact of ABCs on water resources (melting of ice caps) 

Menon et al., ACPD, 2010, Flanner et al. ACP, 
2009 

• 0.25°C/decade warming in Himalaya, more 
than 5 times faster than warming globally due 
to GHGs. 

• BC deposition on snow/ice and atmospheric 

solar heating contributes at least 30% to 

snow/ice melting in the Himalayas during 

1900‐2000.

ABC Report 2008

Impact of ABCs on agriculture production 

The Royal Society 2008

Estimated crop yield loss due to ozone in 2000

• Surface dimming (cooling), reduction of photosynthetically active radiation (PAR), 
change in rainfall (drying)

• Increasing ground level ozone and significant loss in crop yield

Aufhammer et al, 2007



Malé Declaration/RSC7/5/2
Page 4

Impact of ABCs on health 

Grieshop et al, 2009

Pope and Dockery 2006

• ABC exposure is likely associated  with significant health effects, for example, about 
400,000 to 500,000 deaths a year in India and China each in indoor and outdoor 
exposure. 

• PM2.5 with BC in it is more toxic compared to without BC (smith et al., 2008)

Estimated benefits of BC and CH4 reduction

• If identified measures 
implemented by 2030, it  may 
reduce global warming by 
0.5oC in 2050 half the 
warming projected and would 
improve the chance of not 
exceeding 2oC target, if CO2 is 
also aggressively addressed 
with SLCPs. 

• Substantial regional climate 
benefits, e.g. temperature 
reduction in  Arctic and 
Himalayas 

• Substantial health and crop 
benefits ‐ avoid 2.4 million 
premature deaths, mainly in 
developing countries and loss 
of 52 million tonnes of maize, 
rice, wheat and soybean each 
year

UNEP/WMO (2011)

Benefits from BC the mitigation in 2030 compared to

reference scenario.

a) Baseline BC AOD for 2004/05

b) BC AOD without biofuels

Ramanathan and Balakrishnan, 2007, Ramanathan and Carmichael, 2008

Biogas plants 
converts organic 
waste into gas

Parabolic solar 
cooker

Reduction of ABCs from biofuels (Project Surya)

Fire woodRural Cooking

Biofuels

Mitigation of ABCs through improved technology

India: Indo‐Gangetic region  
Project Surya: Pilot study within the ABC Programme on BC emissions from biofuels

Traditional mud stove Combustion improved cook stove
Reported 40% reduction in 
BC concentrations

Hours 
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Project Surya Report 2010

Electronic Trading 
Platform Project Surya Electronic Carbon 

Market Registry

Comprehensive Rules System

• Baseline Emissions scenarios 
• Establish GHG Crediting 
factors including for BC
• Program eligibility guidelines
• Monitoring & verification 
procedures‐Wireless devices
• Aggregation procedures

Project Approval 
Project Surya 
approval in existing 
carbon market 
program
(CDM, VCS, private 
transactions)

Project 
Monitoring & 
Verification
(using mobile 

wireless 
technology)

Project Surya 
Carbon Credit 
Issuance and 
Registration

Trading Project Surya Credits 

New Pilot: Would Financial Rewards   improve Adaptation? 

Slide from Prof. Ramanathan’s
Presentation (ABC Meeting)

Surya Carbon Credit Pilot Project (C2P2)

Emission Inventory of ABC Precursors of Nepal
Prepared by Prof. Ram M. Shrestha

Combustion 
in Energy 
Sector

Fugitive 
Emissions 
from Fuel

Emissions in 
Manufacturing 

Industries (process) 

Crop Residue 
Open Burning

Forest 
Fires

Solid Waste 
Open 
Burning

Others

Activity Data 
(A)

Total Emissions 
(E)

Emission 
Factors (FF)

E = A x FF 

Temporal variation 
of Emissions

Spatial variation of 
Emissions

Proxy Factor Proxy Factor

Overall Framework of Emission Inventory in Nepal
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Geography of Nepal Energy consumption in Nepal

Biomass, 
86.8%

Petroleum 
Products, 
6.8%

Coal, 1.9%

LPG, 1.4%

Hydropower,
2.4% Others, 0.7% Total Primary Energy 

Mix in 2008/09
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Energy Consumption by Various Fueltypes

Other Renewables

Electricity

Coal

Petroleum Products

Biomass

Energy Type Agriculture Commercial Industrial Residential Transport

Biomass 0 1842 2071 344956 0

Petroleum Products 3473 427 475 2291 20646

LPG 0 2290 0.0 3201 211

Coal 0 0 7716 35 0

Electricity 174 563 3106 3534 19

Other Renewables 0 0 0 2735 0

Total 3646 5122 13370 356752 20876

Energy Consumption in 2008/09 in thousand GJ

Biomass, which includes fuelwood, agricultural residue and animal waste, is a main source 
of energy in Nepal

Emissions from industrial sector
Total Industry: 4,552 (as per DOI, 2011) 
• Food, beverage and tobacco
• Textiles and leather
• Wood and its products
• Paper and paper products
• Chemicals, rubber and plastic 
• Non‐metallic mineral
• Iron and steel
• Other manufacturing
Total fuel comsumption : 13.4 million GJ

Agricultura
l Residue, 

10%

Fuelwood, 
5%

Coal, 58%

Electricity, 
23%

HS 
Diesel, 
2%

Kerosene, 
1%

L Diesel, 
0%

Other 
Petroleum

s, 1%

Monthly industrial electricity consumption data has been 
used as a proxy to estimate the monthly pattern of 
industrial emissions

Emissions from transport sector (road traffic)
Transport is a second largest energy consuming sector in Nepal with consumption of about 
20.9 million GJ of fuel in 2008/09

ATF, 
11.9%

Electricity, 
0.1%

Gasoline, 
19.9%

HS Diesel, 
67.0%

L Diesel, 
0.1%

LPG, 1.0%
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Fuel Sales during Fiscal Years 2001‐2011

HSD

Gasoline

ATF

Fuels Vehicle Class No. of Vehicles Average distance travelled 

(in km/yr.)

Fuel consumption 

(km/lt.)

Gasoline  Gasoline cars  97590 23624 9.49
Light‐duty vehicles  844 23624 9.49
Two wheelers (2 & 4 stroke) 573020 10491 46.10
Three wheelers  4604 12756 5.39

Diesel Light‐duty vehicles 58538 27109 6.52
Heavy‐duty vehicles 67619 47998 6.09
Three‐wheelers  970 27173 9.39

LPG Light‐duty vehicles 633 37125 8.00
Three wheelers 857 35502 14.70

Total 805614

Number of Vehicles in Circulation in 2008/09

Emissions from transport sector (air traffic)
There are 34 domestic and 1 international airports operational in Nepal
Flight Type Frequency

of LTO

Fuel Consumption

per LTO (kg/LTO)

Annual Aviation Fuel

Sold in 2008, in kt

Domestic 223275 825 65967.8

International 14276 1617 4217.9

Total 237551 70185.7

0

2000

4000

6000

8000

10000

12000

1 2 3 4 5 6 7 8 9 10 11 12

Aircraft Monthly Movement Data in 2008

Domestic

International

Total

Emissions from residential sector

Energy Consumption by Fuel 
Type in 2008/09

Monthly Pattern of Kerosene Sold in Nepal in 2008/09
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Emissions in power and commercial sectors

2 Power plants in Nepal
• Sunsari (39 MW)
• Makawanpur (14.4 MW)

District SO2 NOX CO NMVOC CH4 CO2 N2O BC OC

Sunsari 12.6 58.0 1.4 0.5 0.3 6796 0.06 0.53 0.002

Makwanpur 4.7 21.5 0.5 0.2 0.1 2511 0.02 0.19 0.001

Fuelwood
, 36.0%

Electricity
, 11.0%

Kerosene, 
5.9%

LPG, 
44.7%

Other 
Petroleu
ms, 2.4%

Commercial Sector

Emissions from manufacturing and process industries

Industry type Total Production 

(tonne/year)

Mineral product ‐ cement 71000

Mineral product ‐ limestone 822000

Metal production ‐

Pulp and paper industry 34550

Chemical industry ‐

Beverage industry* 579609 (hectoliters)

Food industry 446739

Industrial production in 2008/09

Emissions crop residue and open burning

Crop Type Area
(in ha)

Production
(in metric ton)

Yield
(in kg/ha)

Paddy 1555940 4523693 2907
Maize 875428 1930669 2205
Millet 265889 292683 1101
Wheat 694950 1343862 1934
Barley 25817 23224 900
Oilseed 181361 135494 747
Potato 181900 2424048 13326
Tobacco 2542 2497 982
Sugarcane 58101 2354412 40523
Jute 11678 17658 1512

Except mountain region, crop 
residue and open burning are 
everywhere in Nepal

Emissions forest fires and municipal solid waste open burning

Forest type and area 
covered  (in km2)

In 1994/95

Shorea Robusta (SAL) 5761
Tropical mixed hardwood 12554
Lower mixed hardwood 7679
Conifer 2567
Upper mixed hardwood 13135

Other forest 992
Shrub 15592
Total (in km2) 58280

Pollutants Forest Fire (in 
tonnes, 2008‐09)

SO2 16,361
NOx 70,325
CO 2,985,216
NMVOC 232,502

NH3 37,315
PM2.5 261,206
PM10 301,392
BC 18,945
OC 149,261
CO2 45,352,320
CH4 195,187

Pollutant At Source 
(in tonne)

At Disposal Site 
(in tonne)

Total (in tonne) 
2008‐09

SO2 12,582 799 13,381
NOX 75,493 4,793 80,286
CO 1,056,907 67,105 1,124,012
NMVOC 377,467 23,966 401,433

PM10 201,316 12,782 214,098
CH4 163,569 10,385 173,954
BC 138,405 8,788 147,193
OC 138,405 8,788 147,193

Fir counts (in April 2011)

Summary of Emissions (in Tonnes) in 2008‐09

Polluta
nts

Energy
Manufacturing/Con

struction
Transport Residential Commercial Agriculture

Fugi
tive

Process Crop Res. BB Forest Fire
Municipa
l waste 
BB

I II I II I II I II I II I II I II

SO2 17.2 31.9 5934 13840 183376 185236 9364 13129 16 16 152 817 489 16361 13381

NOX 79.4 79.4 3798 859 40494 31020 27795 14925 224 114 300 300 52 4102 2470 70325 80286

CO 1.9 1.9 9117 7132 262941 100008 1670604 2513100 7854 15193 34 34 115328 236515 129701 2985216 1124012

NMVOC 0.6 0.6 346 143 59336 19417 ‐ ‐ ‐ ‐ 11 11 279 1806118 12359 12359 232502 401433

NH3 ‐ ‐ 0.2 0.1 3787 15501 15501 142 142 5882 5382 37315

PM10 1.0 1.0 23540 23419 3787 3787 90725 140321 434 578 12 12 46 1864579 13291 7557 261206 214098

PM2.5 0.7 0.7 23469 21502 3770 58081 58081 197 197 16 16 24 5257 12391 7169 301392

CH4 0.4 0.4 206 141 2191 552 98140 220190 563 1096 12558 12558 195187 173954

CO2 9307 9307 1568135 980524 3332873 3332873 30207529 31409183 334052 344826 2929213 2856217 45352320

N2O 0.1 0.1 30 20 92 92 1313 1827 8 15

BC 0.7 1.0 661 30 2185 4792 26848 7728 171 53 13 10 1390 1132 18945 147193

OC 0.003 0.8 662 166 7234 8656 65594 138621 191 860 14 14 7 6787 3986 149261 147193

Forest fires and open biomass burning of municipal solid waste needs attention 

Emission estimates for Nepal: key points 

• Emissions of ABC precursors are estimated for Nepal in 11 
sectors for 12 pollutants.

• Biomass is a main source of energy in Nepal.

• Most of the emissions sources are located in plain (also 
called, Terai) region.

• Emissions from industrial sector are estimated higher in Jun‐
Jul‐Aug, while Aug‐Sept from residential sector.
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ABC Programme – A new approach (draft)

Air Pollutants and  
Short‐Lived Climate Forcers

PM (BC, SO4
2‐, NO3

‐, NH4
+, OM…), CH4, O3, NOx, VOCs, 
SOx, …

Air Pollution Mitigation
Near‐term Climate Change 

Mitigation

ABC PROGRAMME

Emissions
Long‐Range 
Transport

Processing   & 
Aging

Scavenging  & 
Deposition

Testing and Scaling up 
Mitigation Measures

Impact Assessments
Climate; Health; water & 

Agriculture

Knowledge to Action 
Network

Why National Programmes

• Emission reduction measures have 
been initiated at the local and national 
level

• Integrated response in the context of 
sustainable development will improve 
human health, agriculture production, 
regional climate, water security, living 
standards, and economy 

• Contributes to global efforts to achieve 
both the Millennium Development 
Goals and the Rio+20 Declaration

• Attractive opportunity for donors to 
invest in projects (international 
organization, philanthropic groups, 
etc.)

Air Quality 
Targets

Climate 
Change 
Targets 

Socio-
Economic 
Targets

Integrated Response Measures 

Guidelines

• These guidelines will be designed to 
specifically address the particular 
challenges of addressing ABCs at a 
national level and to spur fast‐action 
to address them.

• The Guidelines will reflect and build 
upon the growing body of 
knowledge regarding ABCs and its 
impacts, sources and response 
measures, as well as good practice 
for addressing atmospheric issues.

CONTENTS Introduction

ABCs

Why develop 
national programme

The Programme

Control and 
Prevention Strategies

Regional and Global 
Initiatives

The Programme

Ten Steps for developing 
and implementing a 
national programme

Use of the Guidelines

• Groups and individual trainings

• Through the air pollution 
networks 

Conclusion

ABC Programme Translating
Science  Policy 

Mitigation 
of SLPCs 

Benefits
Climate,
Health,

Agriculture,
Water 

Thank you

Please visit: http://www.rrcap.ait.asia/abc/


