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South Asia Region: A Global Hotspot for Air Pollution

PM2.5: fine inhalable particles with 
diameters 2.5μm and smaller. 

Excessive PM2.5 exposure is linked to:

● chronic bronchitis, 
● reduced lung function 
● lung cancer 
● heart disease
● Covid-19

WHO guidelines: Annual Mean of 5 μg/m3

Most cities in SAR 6-24 times higher than 
WHO standards for PM2.5 2018
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Estimated Deaths Due to Ambient PM2.5 Exceeded 740,000 in 2018

Impacts on 
public health

• Ambient air pollution represents the 3rd highest risk for 
premature death.

• Air pollution contributes to around 11 percent of all deaths 
and approximately 40 million disability adjusted life years 
(DALYs).

• Nearly 95 percent of South Asians live in areas where 
ambient fine particulate matter concentrations exceed the 
World Health Organization’s Air Quality Guideline of 5 μg/m3

• Almost 60 percent live in areas where fine particulate 
matter exceeds even the least stringent WHO interim air 
quality target of 35 μg/m3

• The life expectancy impact of ambient PM2.5 is especially 
large with life expectancy in Bangladesh reduced by 1.87 years, 
Pakistan by 1.56 years and India by 1.53 years respectively 
(Health Effects Institute)



Examples of what SAR countries already do on AQM: 

• Bangladesh:
- Draft Bangladesh Clean Air Act.  

• India: 

- National Clean Air Program from 2019. Timebound targets for 2024. Now 
extended to 2026 (40% reduction in PM concentrations compared to 2017)

- 15th Finance Commission from 2021 to 26. Provide extensive grant finance 
for AQM to 42 cities with > 1 million people.

• Pakistan: 
- Electric Vehicle Policy.
- New AQM legislation for Punjab Province

▪ All countries (BD, IN, NP, PK):
- Varying emission standards for vehicles, 
- Mandated low-NOx burners for power plants and filters for some large 

industrial boilers.    

> Without such actions, current Air Pollution would have been much worse.



Going beyond the 
current approach

• Air pollution management in South Asia 
has thus far focused on city-level air 
pollution (mobile & stationary sources) 
within political boundaries.

• However, air pollution is transported long 
distances across boundaries and is a 
function of wind climatology and cloud 
chemistry.

• Recognizing the transboundary nature of 
air pollution is critical to better understand 
the sources and impacts of air pollution and 
formulate appropriate policy responses.



More than 50% is generated beyond the city 
boundaries

Kanpur Dhaka IslamabadDelhi (NCR)



Airshed Approach

A geographic area affected by the same air mass defined 
by topography, meteorology and/or climate. Air quality 
within the airshed will depend on pollution sources within 
it, but not outside it.

• Pollution levels within an airshed can vary.

• Within an airshed there may be areas where pollution 
levels are elevated 

• Analogous to watershed concept but may be more 
demanding to sample as air pollution comes from a 
variety of nonpoint sources.

• Airsheds as planning units already standard in many 
countries, such as New Zealand and Philippines. China and 
India also starting to utilize regional air pollution planning.

Airshed Management is needed, especially in 
the Indo-Gangetic Plain



What is Unique to South Asia?
PM2.5 pollution originating from many different sectors

Power generation

Source: IIASA GAINS

Mobile sourcesLarge industries
Small industries
(incl. brick kilns)

Open burning of 
municipal waste

Open burning of 
agricultural residues

Fertilizer use and livestockResidential and 
commercial
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Future air quality will be determined by policy 
interventions and their enforcement

2018                                                                                                                         Contributions from natural sources                                
2030 - Avoided through economic policies and 2015 legislation                         Reductions from full implementation of 2018 legislation

2018

India - IGP India – non-IGP Other countries
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Technical potential for additional exposure reductions in 2030
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Costs and population exposure of further measures in 2030 
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Ad-hoc selection of 
measures: 

Further controls of large 
point sources, LPG 

programs, electric cars, 
etc. 
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India IGP                                                                                                Nepal
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‘Toward WHO Interim Targets’: Impacts of key measures on exposure
Note: this includes the impacts of measures taken in other regions
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‘Toward WHO Interim Targets’: Impacts of key measures on exposure
Note: this includes the impacts of measures taken in other regions

Bangladesh                                                                                     Pakistan
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Priority cost-effective measures for the ‘Toward WHO Interim Targets’ option
(ranked by decreasing exposure reduction potential in SAR)

Sector Key emission reduction measure

Household  cookstoves IGP, BD, PK Access to electricity, LPG in remote areas

Solid waste 
management

IN, BD, PK, NP, 
LK

Enforced ban of open trash burning
Improving collection efficiency 
Recycling of paper, plastics

Large industries IND, PK

Non-IGP, PK

High efficiency well-maintained PM filters, 
control of fugitive PM emissions, 
SO2 and NOx controls

Residential and 
commercial -other 
sources

Access to electricity and replacement of kerosene lamps with LED 
lamps, 
PM filters in restaurants, electric cremation, etc. 

Electricity supply PK
PK, IN, BD 

Flue gas desulfurization 
Fewer blackouts, modern diesel generators 

Agriculture IGP, PK
IGP, PK, BD, NP

More efficient application of urea fertilizer
Ban of open burning of agricultural residues

Brick kilns PK Replacement of traditional kilns with 
Zig-Zag and vertical shaft brick kilns

Needs Regulatory Measures, Economic Incentives, Climate Finance 



Reductions in Premature Deaths by Scenario

Country
Ad-hoc selection of 

measures
WHO Interim Target 

1
Towards WHO 
Interim Targets

Maximum feasible 
measures

Bangladesh 7% 50% 44% 66%

India (IGP) 15% 49% 40% 62%

India (non-IGP) 16% 14% 27% 57%

Nepal 3% 67% 52% 79%

Pakistan 4% 53% 41% 55%

Sri Lanka 4% 1% 52% 85%

Total number of deaths 
avoided 276,000 739,000 752,000 1,270,000

Cost per life saved (USD) $38,000 $26,000 $7,600 $68,000



A Roadmap towards Airshed-Wide Air Quality Management  

PM2.5 exposure 
reductions from 
local measures in 
the Indo-Gangetic 
Plain states and 
from states/ 
provinces taken in 
neighboring ones. 



Suggested airsheds in the Indo-Gangetic Plain
(Western/Central part vs. Eastern part) 



A roadmap toward airshed-wide Air Quality Management: 

Better monitoring and 
building institutions 

Widespread installment 
of monitors and sharing 
of data

Creation of credible 
institutes that analyze 
airsheds 

Preparation of a whole-
of-government approach

Additional and joint 
targets for cost-effective 
abatement

Installation of cleaner 
(cook) stoves 

Reduction of emissions 
from brick kilns and other 
small industries

Reduction of emissions 
from agriculture 
(fertilizer, manure)

Mainstreaming air 
quality management in 
the economy

Optimization of price 
incentives

Mobilization of finance

Creation of markets for 
emission trading



Substantive gains from developing common Abatement Measures 
among states/provinces in the Indo-Gangetic plain (example of UP):   



Prospects for regional AQM Cooperation among Indo-Gangetic Plain States

Initial outcome of AQM 
research: (e.g. SAR 
AQM Flagship study for 
IGP countries)

Initiate technical 
cooperation on 
sectors, AQM 
modeling etc, 
regional knowledge 
centers

Set of  e.g. 
common 
NAAQS for 
SAR/IGP

2030: 
Reaching 
own national 
AQ standards 
(WHO IT I of 
35 µg/m3)

A Common IGP 
AQM strategy, 
incl.  collaboration 
in selected 
airshed(s) 

Continue to 
build up 
strong AQM 
programs in 
IGP countries

Agree on common 
abatement 
measures among 
source regions 



Cooperation models that may be considered for   
South Asia – the Indo-Gangetic Plain countries: 

Different National and International Models: 

- AQM in the Expanded Jingjinji Region in North China

- California Air Resources Board (CARB)

- Convention for Long-Range Transboundary Air Pollution (LRTAP)

- ASEAN Agreement on Transboundary Haze Pollution 

Building further on South Asia initiatives:

- Male Declaration and ICIMOD

- South Asian Association for Regional Cooperation (SAARC)

- Scaling up the Interstate Council to a regional initiative!



Thank you



Annex Slides



Population Density 2020 Overlay Map: Population Density & PM2.5 Concentration



Population in entire SAR area is exposed to PM2.5

concentrations above WHO standards (except 
parts of Sri Lanka)

In most cases, concentrations are substantively 
above WHO’s interim target I (35 µg/m3) and SAR 
countries own PM2.5 air quality standards:

Country Standards

Afghanistan 35 µg/m3 (WHO IT 1)

Bangladesh 15 µg/m3 (WHO IT 3)

India 40 µg/m3 (> WHO IT 1)

Nepal n/a (40 µg/m3 daily concentration)

Pakistan 25 µg/m3 (WHO IT 2)

Sri Lanka 25 µg/m3 (WHO IT 2)



Sources of 
air 
pollution

Human vs. Environmental Sources

• Human sources often come from combustion, 
including fuels for cooking or electricity 
generation, domestic heating, and vehicle engines

• PM2.5 occurs naturally from sources like sea salt, 
dust, and pollen

• Environmental PM2.5 concentrations naturally high 
in Western Pakistan, but not in other areas

Indoor vs.Outdoor

• People spend 80-90% of their time indoors

• Household Air Pollution (HAP) is often high from 
solid fuel use for cooking such as wood, coal, and 
biofuel



GAINS Model
(A scientific tool to combat air 
pollution and climate change 
simultaneously)

--Chemical Transport 
Model
--Dispersion Model
--Optimization 
model
--GHG/Air Pollution
--50 x 50 kilometers 
(0.5 x 0.5 degrees)

Greenhouse Gas - Air Pollution Interactions and Synergies



Alternative metrics for different purposes:

Concentrations at specific monitoring sites:
for validation of model results

Peak concentrations: 
for compliance with ambient air quality standards

Comparing model estimates with monitoring data

Observed PM2.5 in Delhi - 2018

Alternative metrics for different purposes:

Concentrations at specific monitoring sites:
for validation of model results

Peak concentrations: 
for compliance with ambient air quality standards

Population-weighted mean exposure:  to maximize economic efficiency of AQM strategies

Modelled grid-average
PM2.5 in Delhi - 2018

GAINS calculates ~10 km*10 km 
grid average concentrations

Modelled grid-average vs. observed PM2.5 in Delhi - 2018
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Sectoral distribution of the additional costs of
‘Towards WHO Interim Targets’

(on top of 2018 legislation)

Power sector

Industry

Households

Mobile sources

Agriculture

Waste

Cost-effective action requires re-focusing to other sectors

Air pollution control costs in 2030 - SAR
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