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With the launch of INCCA in October 2009, I had 

announced a comprehensive study on Black carbon not 

only to enhance the knowledge and understanding of 

the role of Black carbon in the context of global warming 

but also to address the sources and impacts of the black 

carbon on melting of glaciers. I had emphasised on 3Ms 

as the approach – Measure, Model and Monitor. 

The Black Carbon research initiative builds on this 

approach and sets out the science programme and to 

respond to the scientifi c questions. The science plan 

has been developed through an intensive consultative 

process and with the involvement of experts in the 

subject and builds upon the work of ISRO, MoES and 

other experts. The initiative is visualised as an ambitious 

programme with the involvement of over 101 institutions 

with 60 observatories nationwide.The study would     

lead to: 

(a) Long-term monitoring of aerosols 

(b) Monitoring of impact of BC on snow and 

(c) Estimating magnitude of BC sources using   

inventory  (bottom-up)  and  inverse  modelling 

(top-down) approaches, 

(d) Modelling BC atmospheric transport and climate 

impact.

I look forward to the implementation of the plan. I take 

this opportunity to thank Dr. J. Srinivasan, Indian Institute 

of Science for his perspective and my colleagues in 

the MoEF for their contributions for preparation of 

the programme. 

Foreword
I have great pleasure 

in introducing the 

document ‘Black Carbon 

Research Initiative - 

Science Plan’ of the 

National Carbonaceous 

Aerosols Programme 

being devised under 

the aegis of the Indian 

Network of Climate 

Change Assessment (INCCA) that we launched last 

year. The issue of ‘black carbon’ and its relationship 

with climate change has gained enormous scientifi c 

and popular interest over the last few years. India 

is well aware of the importance of the issue, and 

is committed to addressing it, based on sound 

scientifi c assessments.

The knowledge and understanding on aspects such 

as vertical distribution and mixing of Black Carbon with 

other aerosols, effects of cloud cover and monsoon still 

remains uncertain and incomplete. There is thus a need 

to have better understanding on the following science 

questions: 

• The contribution of black carbon aerosols to 

regional warming. 

• Role of black carbon on atmospheric stability and 

the consequent effect on cloud formation and 

monsoon. 

• Role of black carbon in altering the ability of 

hygroscopic aerosols to act as cloud condensation 

nuclei. 

• Role of BC-Induced low-level temperature inversions 

and their role in formation of fog especially over 

northern India.

• Role of black carbon on Himalayan glacier retreat.

Jairam Ramesh
Minister of State for Environment & Forests
(Independent Charge), Government of India
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I. Background and the Context

Aerosols are suspended particulates in the 
atmosphere that can modify local climate 
through different mechanisms.  Aerosols alter 
climate directly by modifying the radiative fl uxes 
and indirectly through their ability to alter clouds. 
Among the various aerosol types, Black Carbon 
(BC) aerosols absorb solar radiation directly and 
hence infl uence earth’s circulation and climate. 
Black carbon aerosols heat the atmosphere 
and hence their impact on climate is different 
from sulphate aerosols, which do not heat the 
atmosphere. Our understanding of the impact 
of aerosols on climate is not as good as our 
understanding of the impact of greenhouse 
gases (such as carbon dioxide) on climate. 
This is because radiative properties of aerosols 
vary widely and also have large temporal and 
spatial variations. In addition, there is a complex 
interaction between natural aerosols (such as 
dust and salt) with anthropogenic aerosols (such 
as black carbon, organic carbon and sulphate).

Black carbon is a byproduct of incomplete 
combustion of fossil fuels, biofuel, and biomass. 
Black carbon warms the atmosphere due to its 
absorption and reduces albedo when deposited 
on snow and ice. The lifetime of black carbon in 
the atmosphere is small (a few days to weeks) 
compared to CO2, which has an atmospheric 
lifetime of more than 100 years. The sources 
of BC are fossil fuel, indoor burning of biomass 
for cooking and heating and outdoor burning of 
crop residues, savannas and forests. In biomass 
burning, both black carbon and organic carbon 
are released. Some of the organic carbons absorb 
solar radiation and amplify the BC warming while 
others scatter solar radiation and contribute to 
cooling. We need to understand how the three 
sources of black carbon infl uence our climate. 

The largest sources of black carbon are Asia, Latin 

Executive Summary

America and Africa. Some estimates indicate that 
China and India together account for 25-35% of 
global black carbon emissions. Over the Indian 
region, however, a decreasing trend in black 
carbon concentration has been reported. On a 
global basis, approximately 20% of black carbon 
is emitted from burning biofuels, 40% from fossil 
fuels, and 40% from open biomass burning. Black 
carbon sources vary by region. There have been 
several recent investigations, which revealed that 
deposition of aerosol black carbon on snow can 
reduce the snow albedo, leading to enhanced 
absorption of solar radiation and hence faster 
melting rates of glaciers. Several investigators 
believe that enhanced warming due to aerosol 
black carbon at higher levels is responsible for 
the faster melting of glaciers. 

II. Indian Network for Climate 
Change Assessment (INCCA)

With a view to enhance knowledge about the 
impacts of climate change, the Minister for 
Environment and Forests announced the launch 
of the Indian Network for Climate Change 
Assessment (INCCA) on October 14, 2009.  INCCA 
has been conceptualized as a Network-based 
Scientifi c Programme designed to (a) assess 
the drivers and implications of climate change 
through scientifi c research; (b) prepare climate 
change assessments once every two years (GHG 
estimations and impacts of climate change, 
associated vulnerabilities and adaptation); (c) 
develop decision support systems and (d) build 
capacity towards management of climate change 
related risks and opportunities. 

The INCCA is visualized as a mechanism to create 
new institutions and engage existing knowledge 
institutions already working with the Ministry 
of Environment and Forests as well as other 
agencies. 
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III. Inventory Sources, 
Measurement and Modeling

An accurate knowledge of emissions from 
different sectors (e.g. thermal power, diesel 
transport, residential, agricultural residue burning) 
is needed for linking sources to atmospheric 
abundances. Carbonaceous aerosol emissions 
arise from energy use (vehicles, residential 
heating and cooking, small industry, power 
plants, shipping and oil fl ares) and the burning 
of forest, grasslands and agricultural residues. In 
addition, aerosols form as a result of atmospheric 
reactions of gases including sulphur dioxide, 
ammonia, nitrogen oxides and hydrocarbons. 
In the aerosol inventories, the level of detail 
currently available in India, in activity data and 
measurements of emission factors under actual 
fi eld operation, is presently estimated to be 
medium (Tier II) in industrial sectors and low (Tier 
I) in rural sectors. This leads to large uncertainties 
in both magnitude of emissions and their correct 

attribution to sectors and sources. In addition, 
there is a need to harmonize the level of detail 
in inventories estimating long-lived and short-
lived climate agents, to enable an accurate 
understanding of their relative magnitudes and 
effects. 

Deducing the infl uence of a multitude of 
emission sources on atmospheric carbonaceous 
aerosols needs the integration of measurements 
with multiple modeling approaches. Aerosol 
measurements from a nationwide network 
representing regional background aerosols are 
more appropriate. Modeling of black carbon 
emission inventory for India and its climate 
impacts are focused mainly on  four aspects: (a) 
Development of an Indian emission inventory for 
carbonaceous aerosols; (b) Understanding sources 
infl uencing carbonaceous aerosols through 
inverse Modeling approaches; (c) Understanding 
the regional atmospheric abundance of 
carbonaceous aerosols through Chemical 

Developing scenarios

Black Carbon

Impact Assessments

Ecosystem Monitoring

Integrated V&A Assessments

Centre for Advance Studies

Greenhouse Gas Inventory 
Programme

INCCA

Programmes envisaged under INCCA
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Transport Modeling and (d) Understanding the 
infl uence of carbonaceous aerosols on regional 
climate change and climate futures through 
General Circulation Modeling. 

IV. Impact of Carbonaceous 
Aerosols

The response of earth’s climate to perturbations 
by atmospheric aerosols and its importance on 
regional scales is not yet fully understood. The 
climate impact of aerosols are examined through 
General Circulation Model (GCM) simulations. 
The ability of GCM to accurately predict climate 
effects of short-lived agents like aerosols is 
infl uenced by: (i) simplifi ed approximations of 
various phenomena, (ii) computational/numerical 
schemes used to solve the resulting complex 
systems and (iii) the ability to mitigate the effect 
of unknown/poorly-known inputs or parameters 
by effi ciently integrating available measurement 
data. Modeling studies over the Indian region 
point to the large spatial and temporal variations 
in aerosol radiative forcing. Carbonaceous 
aerosol radiative forcing has also been derived 
from measurements.

In India, systematic investigations of the physical 
and chemical properties of aerosols, their 
temporal heterogeneities, spectral characteristics 
and size distribution have been carried out 
extensively since the 1980s at different distinct 
geographical regions as part of different national 
programmes such as the I-MAP (Indian Middle 
Atmosphere Programme), and later under the 
ISRO-GBP (Indian Space Research Organization’s 
Geosphere Biosphere Programme).

During the I-MAP, a project was initiated to monitor 
the aerosol characteristics over the Indian region 
at few selected locations. This became operational 
in the late eighties and has been continued 
after the I-MAP as a part of the ACE (Aerosol 
Climatology and Effects) project of the ISRO-GBP. 
A national network called the ARFINET, of Multi-
Wavelength Radiometers (MWR), Aethalometers 
(for measuring BC) and radiation instruments 
was set up under the ARFI (Aerosol Radiative 

Forcing over India) project of the ISRO-GBP, to 
facilitate  long-term observations of aerosols over 
distinct geographical environments and to assess 
their impacts on regional climate forcing. ISRO is 
also pursuing a research campaign to understand 
the climate impacts of atmospheric aerosols 
over the Indo-Gangetic Plains for the past a 
few years under the RAWEX (Regional Aerosol 
Warming Experiment) component of the ARFI 
project. The ISRO-GBP annual review meeting in 
1998 recognized the importance of BC aerosols 
on the climate system and it was decided to 
pursue studies of BC in subsequent years. Many 
international and national fi eld experiments and 
campaigns have provided vital information on the 
optical, physical as well as chemical properties 
of aerosols. These measurements are limited to 
a certain periods or locations. In this perspective,  
long-term experiments at different locations have 
the added advantage of understanding aerosol 
infl uences on a longer time scale. A suffi ciently 
long time series can also help us to understand 
the impact of aerosols on climate change.

V. Need for Enhancing 
Understanding

Given this background, it is imperative that 
measurements of aerosols from ground, aircraft 
and space are performed carefully to answer 
crucial questions related to climate change with 
emphasis on black carbon. These measurements 
are valuable inputs to climate models for impact 
assessment. A national effort should focus on the 
following objectives and approaches. 

Objectives and Approaches 

The science plan and the approach of the research 
initiative include:  

Long-term monitoring of aerosols;  • 

Assessment of impact of aerosols on • 
Himalayan glaciers; 

Modeling of black carbon emissions inventory • 
over India.

- Development of an Indian emission 
inventory for carbonaceous aerosols. 
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- Identify  the sources infl uencing 
carbonaceous aerosols through inverse 
Modeling approaches.  

- Quantify the regional atmospheric 
abundance of carbonaceous aerosols 
through Chemical Transport Modeling.   

- Understanding the infl uence of 
carbonaceous aerosols on regional 
climate change and climate futures 
through General Circulation Modeling

To understand the impact of dust and black carbon 
on glaciers there is a  need to understand infl uence 
of mineral dust and black carbon on Himalayan 
seasonal snow cover and glacier. Further, there 
is a need to model effect of mineral and carbon 
dust on snow/glacier albedo, snow melt, glacier 
mass balance, glacier retreat and snow/glacier 
melt runoff. Atmospheric aerosol samples will be 
collected near glaciated valleys and also around 
seasonal snowfi elds to understand the proportion 

of mineral dust and black carbon. In addition, 
samples of seasonal snow, accumulation area 
and ablation area of glacier to understand the 
proportion of mineral dust and carbon dust 
also will be collected. Subsequently, the effect 
of black carbon and mineral dust on snow and 
ice albedo will be estimated using fi eld and 
laboratory observations. An algorithm to monitor 
snow and glacier albedo using satellite data will 
be developed and snow/glacier algorithm will be 
validated.

The ISRO-GBP is maintaining 37 surface 
observatories covering representative locations 
in India. All these sites have BC measurements. 
The duration of data available from these sites 
varies with the location, depending on the 
start date of measurements at each location. In 
addition, there have been a few fi eld campaigns 
(LC) such as ISRO-GBP’s LC-I, LC-II and ICARB 
(Integrated Campaign for Aerosols, gases and 
Radiation Budget). Thus, we have information 

Conceptual framework of Climate Impact Assessment of Black Carbon Aerosols

BC Network Measurements

Regional BC Model

Radiation Model

Aircraft-Based 
Measurements

Multi-Satellite Analysis:
BC Regional Distribution

Climate Models:
Impact Assessment
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on the spatial and seasonal variation of BC at the 
Earth’s surface. ICARB’s aircraft segment carried 
out a few measurements of altitude profi les 
of BC aerosols. It appears that what we don’t 
know about aerosol BC is much more than what 
we know. Major topics which need immediate 
attention are: (a) vertical distribution of BC (b) 
state of mixing of BC with other aerosols (c) effect 
of BC on cloud cover (d) impact of mitigation of 
BC aerosols and (e) effect of BC on the monsoon. 
The major objective of network sites is to monitor 
key aerosol parameters by establishing long-term 
monitoring stations. Already existing networks 
such as the Aerosol Radiative Forcing over India 
(ARFI) network of ISRO will be utilized for this 
purpose. A hybrid approach, which involves fi eld 
experiments including network measurements 
as well as aircraft-based fi eld measurements 
simultaneous with multi-satellite analyses is 
essential for the assessment of the impact of 

black carbon on Indian climate. Combining 
measurements with multi-satellite data can create 
synergy to the benefi t of each other. 

Establishment of a network of aethalometers (60 
Nos) (which measure black carbon) over the entire 
Indian region is envisaged. Each instrument will 
be automated and transmit data to a common data 
centre. Measurements are proposed to continue 
for 5 years. Maps of BC as well as its optical 
properties over entire India can be constructed 
starting from the third year. The programme 
builds on available BC networks established by 
other departments such as Department of Space 
(DOS) and Ministry of Earth Sciences (MoES) to 
increase the spatial resolution of the network.

Deployment of about 20 Multi-Wavelength 
LIDAR by dividing the entire Indian region into 
zones based on aerosol sources is envisaged. 
Polarized back-scatter signals will be used to 

Instruments used for observation and Measurements
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obtain BC properties. Mobile facility with a suite 
of instruments is intended to make concurrent 
measurements of climate-sensitive aerosol 
parameters from distinct environments, hot spots 
and source regions in a campaign mode.

VI. Programme design and 
Implementation 

The programme is visualized as a multi-
institutional and multi-agency project. The four 
major departments associated with the studies 
include the Ministry of Environment & Forests, 
Ministry of Earth Sciences, Indian Space Research 
Organization, Ministry of Science and Technology  

and the associated agencies. The other institutions 
identifi ed include the universities, research 
institutions, premier scientifi c establishments, 
colleges and non-governmental agencies to 
undertake the work on  various components of 
the programme which principally consists of 
aerosol observations and modeling of the impacts 
of carbonaceous aerosols (black carbon). 

Each of the associated partners will participate in 
the project activities and perform roles assigned 
to them and will essentially serve as Lead 
Institutions, Associated Institutions and Outreach 
Institutions. While each institution will work in its 
domain area, some of the institutions will perform 

Proposed MoEF network (tentative map) superimposed over the existing 
ARFI network
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functions as assigned to them as lead, associated 
or as an outreach entity. For example, the lead 
institution will coordinate the activities of the 
associated institutions, whereas the associated 
institutions shall be engaged in observations and 
analysis. 

The project implementation will be overseen 
by an Apex Steering Committee located at 
the Ministry of Environment and Forests, with 
representatives from the Ministry of Environment 
& Forests, Ministry of Earth Sciences, Ministry of 
Science and Technology,  Indian Space Research 
Organization and other members drawn from the 
scientifi c community. 

A Scientifi c Programme Coordination Committee 
(SPCC) will monitor the project and suggest any 
course corrections. The SPCC will supervise 
the overall science. There will be three Working 
Groups (WG) for observation, Modeling and 
glaciers respectively. Major responsibilities such 
as aerosol monitoring (network observations), 
glacier studies, and modeling will be assigned to 
these three working groups. Each working group 
will have fi ve to seven members. 

The MoEF will undertake the administrative 
coordination of the entire  project, whereas the 
Indian Institute of Science shall be responsible 
for scientifi c coordination. The Indian Institute of 
Science shall establish a coordination cell with 
appropriate personnel and shall be responsible 
for the coordination and implementation of 
the scientifi c activities among the  various 
participating institutions.

The major expected outcomes are :

(a) Understanding  the effect of change in albedo 
due to black carbon on seasonal snow and glacier 
melt. 

(b) Estimation of albedo and refl ectance of 
seasonal snow and glacier, glacier depth and 
mass balance, using airborne sensors like 
laser altimeter, ground penetrating radar and 
pyranometer. 

(c) Modeling effect of enhanced melting on 
glacier mass balance and retreat. 

(d) Development of snow/glacier melt runoff 
models to understand the infl uence of changes 
in snow and glacier melt pattern.
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Conceptual Framework for the Implementation and 

Coordination the Science Programme

Science Programme 
Coordination 
Committee

Working Group II 
Glaciers

Associate 
Institution

Outreach 
Institution

Lead Institution

Working Group III 
Modelling

Associate 
Institution

Outreach 
Institution

Lead Institution

Working Group I 
Observation

Associate 
Institution

Outreach 
Institution

Lead Institution

Steering Committee
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