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EXECUTIVE SUMMARY

Executive Summary

Nine out of the world’s 10 cities with the worst air pollution are in South Asia. South Asians
are exposed to extremely unhealthy levels of ambient air pollution, especially in densely
populated, poor locations. The World Health Organization’s (WHO) Air Quality Guideline rec-
ommends that concentrations of PM, .—small dust or soot particles in the air—should not
exceed an annual average of 5 micrograms per cubic meter (ug/m3). Butin South Asia, nearly
60 percent of the population lives in areas where concentrations of PM, , exceed an annual
mean of 35 pg/m3. In the densely populated Indo-Gangetic Plain, it is over 20 times the level
that the WHO considers healthy (100 pg/m? in several locations).

Ambient air pollution is a public health crisis for South Asia, not only imposing high eco-
nomic costs but also causing an estimated 2 million premature deaths each year. The
health impacts of air pollution range from respiratory infections to chronic diseases, and
from serious discomfort to morbidity and premature mortality. This drives up health-care
costs, lowers productive capacity, and accounts for lost days worked.

Some of the main causes of air pollution in South Asia are unique to the region. Sources
of air pollution that are less important in other parts of the world make substantial addi-
tional contributions to the pollution load in South Asia. These include: solid fuel combus-
tion in the residential sector for cooking and heating; small industries, including brick
kilns; burning high-emission solid fuels; the current management practices of municipal
waste in the region, including burning plastics; the inefficient application of mineral fer-
tilizer; fireworks; and human cremation. Significant air pollution in South Asia is also gen-
erated in agriculture, including through the generation of secondary particulate matter in
the form of ammonia (NH;) emissions from imbalanced fertilizer use and livestock manure
that reacts with nitrogen oxides (NO ) and sulfur dioxide (SO,) gases from energy, indus-
try, and transportation sources. In the western part of South Asia, natural sources, such as
dust, organic compounds from plants, sea salt, and forest fires, are an important source of
air pollution.

Controlling ambient air pollution is difficult without a better understanding of the activi-
ties that emit particulate matter and how emissions travel across locations. Air pollution
travels long distances within South Asia, crossing municipal, state, and national boundaries,
depending on wind, climatology, and cloud chemistry. At any given location, PM, , in ambient
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air originates from several upwind sources Figure E.l Six illustrative airsheds in
extending over several hundred kilometers. ~South Asia based on fine particulate
This is especially true in and around the Indo- cont.:entrations, topography, and fine
Gangetic Plain. For example, nearly 25 percent pqrtlculute. transportation between

) } . source regions
of the fine particulate matter that residents of -
the city of Patna are exposed to has its origin
in a neighboring state. In many cities, such as
Dhaka, Kathmandu, and Colombo, only one-
third of the air pollution originates within the
city.

This report identifies six major airsheds in
South Asia where spatial interdependence
in air quality is high. Although air pollution
travels farin South Asia, it does not uniformly
disperse over the continent, but gets trapped
in large “airsheds” that are shaped by clima-

tology and geography. This report identifies  Source: Overlay by the World Bank project team and IIASA.
Note: Fine particulate concentrations are in micrograms per

six major airsheds in South Asia where spa- i ceter (ug/me).

tial interdependence in air quality is high: (1)

West/Central Indo-Gangetic Plain: Punjab

(Pakistan), Punjab (India), Haryana, part of Rajasthan, Chandigarh, Delhi, Uttar Pradesh;
(2) Central/Eastern Indo-Gangetic Plain: Bihar, West Bengal, Jharkhand, Bangladesh; (3)
Middle India: Odisha/Chhattisgarh; (4) Middle India: Eastern Gujarat/Western Maharashtra;
(5) Northern/Central Indus River Plain: Pakistan, part of Afghanistan; and (6) Southern Indus
Plain and further west: South Pakistan, Western Afghanistan extending into Eastern Iran.

This report uses a detailed geospatial model to quantify particulate matter emissions and
how they disperse in the atmosphere. The Greenhouse Gas and Air Pollution Interactions
and Synergies (GAINS) model employed in this report computes the annual averages of PM, ,
concentrations to which residents of every state/province (hereafter referred to as “region”)
of South Asia are exposed. It also computes PM, , exposure at the city level, and determines
the place and the sector of origin of this ambient air pollution in each region and city.

The report shows that current policy measures will only be partially successful in reduc-
ing PM, , concentrations across South Asia, even if fully implemented. The report’s model
estimates that air quality policy measures in place as of 2018 can have a significant impact
on the trajectory of air pollution in South Asia, if fully implemented and effectively enforced.
For example, primary fine particulate matter (such as soot and mineral dust) would decline
by 4 percent rather than grow by 12 percent between 2018 and 2030, regionwide. But large
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parts of South Asia—accounting for about two-thirds of its total population—will still miss
the least-ambitious WHO Interim Target 1 of 35 ug/m? concentration.

Even if all technically feasible measures were fully implemented, parts of South Asia
would still not be able to meet the WHO Interim Target on their own by 2030 because
of the spatial interdependence of air quality. Suppose the Delhi National Capital Territory
(NCT) were to fully implement all technically feasible air pollution control measures by 2030,
while other parts of South Asia continued to follow current policies. This report’s model
predicts that the Delhi NCT area would still not meet the WHO Interim Target because the
inflow of pollution from outside regions and from natural sources already exceeds 35 pg/m?.
It would, however, meet the WHO Interim Target if other parts of South Asia also adopted all
feasible measures. This is also the case with many other cities in South Asia, especially those
in the Indo-Gangetic Plain.

Accounting for the interdependence in air quality within airsheds in South Asia is neces-
sary when weighing alternative pathways for pollution control. The report analyzes four
alternative pathways (hereafter referred to as “scenarios”) for reducing air pollution in South
Asia (Table E.1). These scenarios vary in the ambition of their air pollution targets and the
degree to which their strategies for achieving those targets provide for regional coordination.

Pollution control scenarios that do not leverage spatial interdependence in air quality
are relatively expensive. Scenario 1, which scales up measures already in place in parts
of South Asia to other regions, would reduce average PM,  exposure in South Asia in 2030
to about 37 pg/m?>. This is a bigger reduction than that achieved by full implementation
of 2018 policies because all regions undertake a common set of pollution control mea-
sures. Scenario 2, which entails the full implementation of all technically feasible emission
controls everywhere across South Asia, would cut average PM,, exposure in South Asia
in 2030 to 17 ug/m>. Not surprisingly, this would be the biggest reduction among all four
scenarios. But this scenario is also the most expensive one because it employs all feasible
measures regardless of their cost: it has an annual cost of reduced exposure per pg/m?® of
US$2.6 billion.

Focusing on hotspots would reduce mean exposure to 26 pg/m>. Focusing on the hotspots,
while leveraging the spatial dependence of air pollution between hotspots and their upwind
areas (Scenario 3) would reduce the mean exposure in South Asia to 26 pg/m?. The approach
underlying this scenario reduces costs significantly by substituting excessively costly mea-
sures at hotspots by more cost-effective measures in areas upwind of hotspots, with an esti-
mated cost of US$780 million per pg/m?3 of reduced exposure. Thus, this scenario would
achieve a significantly greater reduction in air pollution than Scenario 1, but at a compara-
ble cost.
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Table E.1. Four modeled scenarios for AQM in South Asia

Scenario 1: Ad-hoc selection of measures Scenario 2: Maximum technically feasible emissions
reductions
« Scaling-up of measures that are currently takenin « Fullimplementation of all technical emission controls
parts of South Asia to all its regions that are available on the world market
+ Each region acts independently + No regional coordination

Scenario 3: Compliance with WHO Interim Target 1 Scenario 4: Toward the next lower WHO Interim Target

everywhere in South Asia

+ Reduce the present difference of PM_ _ exposure by
90% to the next lower WHO Interim Target in each
region

+ Full coordination across regions to maximize
cost-effectiveness

» In all regions, mean population exposure is reduced to
35 pg/m’

+ Regions cooperate to the extent they are contributing
to pollution hotspots

By cutting exposure toward the next lower WHO Interim Target in each region with full
coordination across regions, the mean exposure in South Asia would decline to 30 pg/m?®
in a cost-effective manner. Under Scenario 4, in which each region cuts exposure to 90 per-
cent of gap with the next lower WHO Interim Target, while fully leveraging spatial interdepen-
dence, the mean exposure in South Asia would decline to 30 ug/m?®. The approach followed
in this scenario is the most cost-effective, at US$278 million per pg/ms3 of reduced exposure.
This is because it employs the least-cost combination of measures within airsheds: it avoids
implementing costly measures at one location if the same impact can be achieved by a less
costly action at another location in the same airshed.

Scenario 4 also leverages sectoral differentiation to improve the cost-benefit ratio of pol-
lution control measures. Compared with Scenario 2, where all technically feasible measures
are implemented, Scenario 4 leans more heavily on: lower-cost options in the household
sector with cleaner cookstoves and liquified petroleum gas (LPG) solutions; and the control
of secondary particulate matter, particularly through agricultural sector interventions, such
as balanced fertilizer application and manure management. The scenario also focuses on
managing the burning of municipal waste.

Regional cooperation could thus help implement cost-effective joint air pollution strate-
gies that leverage spatialinterdependence in air quality. As the scenario modeling shows, if
regions within South Asia were to work toward their air quality targets independently of each
other, those with relatively limited options for improving air quality may be forced to under-
take costly measures. Meanwhile, those with good options for improving air quality may not
exercise some of those options because they do not account for the benefits to other regions
from doing so.
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Figure E.2. Exposure reductions and costs of associated emission controls for the four
modeled scenarios in South Asia region in 2030
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Regional coordination could also help break deadlocks in policy action by increasing cer-
tainty about the payoffs from different policy scenarios. Because of the spatial interde-
pendence in air quality, each region’s expectations about future air quality if it were to take
certain pollution control measures depend on expectations about actions taken by others.
Policy makers may choose to delay costly actions because of uncertainty about future air
quality. Regional coordination may help speed up action by firming up expectations about
future air quality.

The health and economic benefits of air pollution control

Steps to reduce ambient and household air pollution could significantly reduce prema-
ture deaths. The four scenarios outlined in the report involve policies to reduce emissions
of ambient PM, , from stationary and mobile sources, such as power plants, factories, and
motor vehicles, and also reduce the number of households burning solid fuels. Deaths
avoided in the year 2030 due to reductions in PM, . according to the four scenarios range
from 276,000 to 1,270,000, and the average cost per life saved for each scenario varies from
US$7,600 to US$68,000. The impacts of these reductions in PM, , on premature mortality are
measured from baseline values of ambient and household air pollution in 2030.
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The effectiveness of air pollution control policies in reducing premature deaths varies
greatly across policies and within regions. Under Scenario 1, which reflects traditional air
pollution control measures, 276,000 premature deaths are avoided, but it only reduces base-
line deaths caused by air pollution in Nepal, Pakistan, and Sri Lanka by 3-4 percent. The pol-
icies are slightly more effective in India, reducing deaths by 15 percent in the Indo-Gangetic
Plain and, on average, by 16 percent in the rest of India. In Bangladesh, deaths are reduced by
7 percent. These policies come at a cost per life saved of US$38,000. In contrast, the policies
in Scenario 2 are much more effective, reducing premature deaths by 1,270,000, or 55-85 per-
cent across countries. However, the average cost per life saved by these policies is US$68,000.

The analysis shows that Scenario 4, with a PM,, level of 30 pg/m?, has the lowest per cap-
ita cost of averting premature deaths and the highest benefit-to-cost ratio for morbidities.
Polices under this scenario save more lives—more than 750,000 annually—than policies in
Scenario 3, and at a much lower cost per life saved, at US$7,600, or only 11 percent of the cost
under Scenario 2. Reductions in baseline deaths resulting from these lower cost policies show
geographical variation. Specifically, the reductions in Sri Lanka and non-Indo-Gangetic Plain
India are larger than the reductions from the set of policies in Scenario 3, although the reduc-
tion in deaths is 10-15 percentage points lower in other regions of South Asia. The lower cost
per life saved by policies under Scenario 4 is achieved by relying on reductions in the percent-
age of households burning solid fuels, which should also benefit more women and children.

A roadmap toward airshed-wide air quality management

Though progress has been made in legislation and planning for AQM, South Asia is not on
track to reach even the modest WHO Interim Target. That target of 35 pg/m? is still seven
times the concentration that the WHO considers healthy. The reason of insufficient prog-
ress is that, currently, the focus of interventions is almost completely on mitigating pollution
generated within cities. Most countries in South Asia have imposed varying emission stan-
dards for vehicles and have mandated low-NO, burners for power plants and filters for some
large industrial boilers. To achieve more progress—and more cost-effective progress—the
policy focus should broaden into other sectors, especially small manufacturing, agriculture,
residential cooking, and waste management, which are important sources of air pollution
in South Asia. Along with the broadening of the sectoral focus, coordination of abatement
activities within larger areas (within the airsheds) is needed.

This report shows that optimal solutions to reach clean air are economically feasible
in South Asia, but that the implementation of these policies is challenging. The report
demonstrates that economic benefits of these optimal policies exceed the economic costs
by a large margin. However, implementation of these policies requires coordination that
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incentivizes cooperation across different jurisdictions and coordination between nations,
as airsheds do not recognize national borders. Under the predominant wind direction from
the northwest to the southeast, 30 percent of the air pollution in the Indian state of Punjab
comes from Punjab Province in Pakistan and, on average, 30 percent of the air pollution in
the largest cities of Bangladesh (Dhaka, Chittagong, and Khulna) originates in India. During
parts of the year, substantial pollution flows in the other direction across borders. Optimal
AQM also requires changes in the behavior of millions of farmers, small enterprises, includ-
ing small-scale brick kilns, and households. Such behavioral change is not easy to achieve in
practice. The journey toward that optimal solution is best guided by the following roadmap,
which breaks down the journey in three phases, each consisting of three steps.

Phase I: More and better monitoring and improved institutions

Cost-effective AQM requires more comprehensive monitoring, also outside cities, enhanced sci-
entific capacity, a shared knowledge base, and strong cooperation between governments.

Step I.1: Widespread installation of sensors and the sharing of data

« Emissions inventories are currently incomplete in South Asia. South Asia should
move toward a comprehensive, unified inventory for the region that represents the
full range of relevant emission sources, instead of relying on each city or state to
develop its own individual methodology.

« Transparency and accessibility are important components of a monitoring system.
The accessibility of data on unified platforms is critical to the sharing of knowledge
and the building of trust across jurisdictions. Public awareness of air quality data can
also help build support for AQM.

« Monitoring systems need to be maintained and updated on an ongoing basis.
Technology will continuously improve, perhaps changing which policy choices are
most cost-effective or even rendering some policy action obsolete.

Step 1.2: Creation of credible scientific institutes that analyze airsheds

« Scientific capacityin South Asiais currently well-developed in atmospheric science,
but still relatively underdeveloped when it comes to capturing the region-specific
sources of air pollution. Further development of analytical capacity should include
research of the health impacts, and the analysis of economic incentives and behav-
ioral adjustments. In all these areas, there is a knowledge gap regarding the influence
of specific circumstances in South Asia.

« Scientific capacity should not be centralized, but rather distributed across the
region. To enhance the credibility and salience of scientific information among the
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stakeholders of airsheds, and to ensure more equal representation and ownership
across countries and jurisdictions, a South Asia-wide scientific community on AQM
should facilitate communication between experts across administrative boundaries
and develop a scientific consensus on critical issues.

Step 1.3: Toward a whole-of-government approach

The capacity of ministries of the environment must be strengthened. These minis-
tries have the principal mandate to manage air-quality programs, but they have nei-
ther the financial resources nor sufficient staff required for the needed coordination
of environmental policies in agriculture, energy, industry, rural development, trans-
portation, and urban development.

Astrong and central technical role of ministries of the environment should be com-
plemented with a whole-of-government approach. AQM can have far-reaching con-
sequences for other policy areas, from energy and climate policy to growth strategy
and distributional policies. The report shows how synergies between AQM and cli-
mate policies can be exploited. The report also shows that there is a significant over-
lap between local air quality and poverty in South Asia, and that abatement efforts
can have distributional impacts. To ensure consistency with the broader develop-
ment strategy, a whole-of-government approach to AQM is needed.

Phase II: Additional and joint targets for cost-effective abatement

Airshed-wide AQM will automatically include low-cost abatement of more sources of air pollu-
tion. Once the focus broadens beyond cities, other emissions, which are important especially
in South Asia, can be reduced. These include emissions from solid fuel use in households, from
brick kilns and ovens in other small industries, from agriculture, and from open burning of solid
municipal waste.

Step 11.1: Switching to the use of cleaner cookstoves

XX

Cleaner cookstoves are cost effective, but implementation challenges remain.
Despite the effectiveness of clean cookstoves to improve health, three main chal-
lenges to long-term adoption remain: (i) initial and maintenance costs; (ii) knowl-
edge and beliefs; and (iii) compatibility with end users. These challenges imply that
economic support and information, in addition to adequate price signals, are key in
achieving the adoption of clean fuel technology by mostly poor, rural households.
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Step I1.2: Reduction of emissions from agriculture and brick kilns

Burning of fields results in high seasonal peaks in air pollution throughout air-
sheds. Recent evidence from India shows that cash transfers as payments for ecosys-
tem services can reduce agricultural burning by up to 80 percent.

Subsidies for fertilizers, another cause of air pollution, should be reconsidered.
Other interventions can also successfully lower fertilizer use without compromising
productivity. For example, Bangladesh’s simple rule-of-thumb training using colored
leaf charts lowered fertilizer use by 8 percent without compromising yields.
Large-scale intensive livestock operations can prevent emissions through the
scrubbing of ventilated air both into and out of animal housing areas. Various types
of air purification systems exist, including combination filters that remove more
than one pollutant. Abatement measures for animals not contained within housing
include a switch to low-nitrogen feed, the covered storage of manure, and application
of manure on farms with technology designed to reduce ammonia emissions.

Less polluting and more viable brick kiln technologies are available but slow in
being adopted. Many brick kilns in South Asia are very small units using old technol-
ogies, with inefficient combustion of coal and agricultural waste. Existing kilns can
be converted to improved “zig-zag kilns” that produce less emissions and are more
efficient in brick production. However, the adoption rate of zig-zag kilns remains low,
implying that behavioral change requires more than price incentives.

Step 11.3: Improved municipal waste management

Municipal waste management represents one of the most cost-effective potential
interventions in the region. In many cities in South Asia, no waste collection exists
and even in cities with high collection rates, the segregation of waste and recycling
hardly exist. Recycling, controlled incineration, composting for biodegradable waste,
and managed landfills not only reduce air pollution, but also generate revenues, for
example by recovering precious or rare earth metals from electronic components.

Phase Ill: Mainstreaming air quality in the economy

In the long run, pricing of externalities through taxation or tradable emission permits should
play a central role in AQM. In the short run, mandated emission standards, authorized filters
or technologies, and bans of certain activities are the most effective methods to reduce air pol-
lution. However, these methods come with disadvantages. Emission standards reduce emis-
sions per unit of economic activity, but they do not curb the total amount of polluting activ-

ity. Emission standards also do not incentivize the private sector to develop technologies that
reduce pollution to levels below the mandated standards. If pollution has a cost, in the form of
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a taxor a price of an emission permit, total emissions are reduced more, and innovation is more
stimulated. With these economic incentives, it will also be easier to mobilize private and public

funds to reduce air pollution.

Step 111.1: Taxation of air pollution

Taxation of activities that release pollutants will make cleaner technologies more
competitive. Likewise, subsidies can encourage the use of clean industry and tech-
nology that do not harm air quality. Currently, most examples of taxes on air pollut-
ants are found in developed economies. These taxes target primarily GHGs or cover
only one type of source (typically, large power plants or large firms in high-pollut-
ing industries). However, developing countries are increasingly experimenting with
direct taxes on pollutants. China has an Environmental Protection Tax on PM,  pre-
cursors (SO,, NO_and soot). Mexico imposed a carbon tax in 2014. It applies to CO,
emissions from all sectors and covers all fossil fuels except natural gas. In October
2021, Indonesia passed a law to introduce a carbon tax on coal-fired power plants.

Step 111.2: Creation of markets for emission-permit trading

Tradable emission permits can have significant advantages. An airshed-wide sys-
tem of tradable emission permits gives firms throughout the airshed more flexibil-
ity to adjust their emissions and incentives to innovate and it automatically provides
pecuniary compensation across jurisdictions for abatement efforts. Most examples of
these permit markets are in developed countries, but similar programs are now being
piloted or under consideration in Mexico, China, Thailand and Turkey.

Recent evidence from a pilot of permit trading in India is encouraging. The state
of Gujarat recently introduced emission permit trading among 317 high-polluting
plants. A critical precondition for this scheme was the installation of a robust moni-
toring systems in the participating firms. The pilot has been evaluated through a ran-
domized control trial, which shows that it reduced emissions significantly and at low-
cost relative to the existing command and control regulation.

Step 111.3: Mobilization of funding

XXI11

An important advantage of the use of economic incentives is that they can mobilize
funds from the private and public sectors for clean technologies. When the neg-
ative externalities of air pollution are incorporated into the price of technologies, it
becomes profitable for the private sector to invest in clean technologies. The larger
the area that imposes taxes, the easier it is for the private sector to invest at scale.
Revenues from taxes on pollutants or from sale of emission permits generate the
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fiscal space to create public funds that support abatement activities. Such funds can
play an important role in enticing cooperation within an airshed across jurisdictions.

« The synergies between reductions in air pollution and climate change policies can
help mobilize international funds. Strong synergies exist between meeting cleaner
air target and meeting commitments to reduce GHG emissions. Those synergies can
mobilize international funds that can support AQM. Some of these funds come from
multilateral development banks, scaling up existing programs that link financing to
the achievement of air quality improvement targets.

Achieving cleaner air in South Asia in a cost-effective way is possible, but the road ahead
is not an easy one. This analysis in this report shows that, from a technical point of view,
direct economic gains of better air quality exceed the abatement costs needed to reduce air
pollution. However, it is not easy to achieve these optimal solutions. It requires the build-
ing of better monitoring systems, more scientific capacity, and better coordination between
governments. It requires behavioral change among farmers, small firms, and households.
It requires experiments with greening of tax systems and with tradable emission permits.
International experience has to be finetuned to the specific conditions in South Asia. It
requires cross-border coordination in South Asia. In particular, the latter is far from straight-
forward, but the time is now to put conditions in place for such cross-border cooperation and
the time is now to travel the road to cleaner air. The rewards of advancing on the road are
high as the economic and social costs of lack of progress are hard to overestimate.

XX
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CHAPTER 1

Introduction

South Asia suffers from extreme air pollution. Nine of the ten cities with the most severe air
pollution in the world are in South Asia. In the northern part of the region, with a high concen-
tration of poor households, the average annual concentration of fine particulate matter (PM, )
is around 16 times the maximum that the World Health Organization (WHO) considers healthy
(Figure 1.1). In addition to high ambient air pollution, poor households also experience high
levels of indoor air pollution, caused by the use of solid fuels for cooking and heating.

The exposure to extreme air pollution has severe health impacts. Current air pollution is
estimated to cause over 2 million premature deaths each year in South Asia. PM, is now
also understood to be an important causative factor in many non-communicable health
risks. For newborns, it has been associated with low birthweights and premature births. For
children, it can lead to asthma, stunting, and reduced cognitive development, with lifelong
consequences. In adults, PM, . is associated with chronic obstructive lung disease, ischemic
heart disease, lower respiratory infections, lung cancer, strokes, and type Il diabetes. For the
elderly, a correlation with dementia has been established.

Air pollution comes with economic costs. Increased morbidity raises health-care costs and
reduces the number of days worked per person. Stunting leads to lower productivity later in
life. Firms and skilled workers might choose not to locate in areas with severe air pollution
(World Bank 2018). Potentially, factories could be temporarily closed, or traffic could be tem-
porarily limited during periods of peak pollution.

South Asian countries have made strides in strengthening air quality management (AQM)
programs, but more work is needed. Recent years have seen a wave of policy responses
introduced to combat air pollution, including the Draft Bangladesh Clean Air Act, India’s
National Clean Air Programme (NCAP), and the National Electrical Vehicles Policy in Pakistan.
These recent policy changes will allow economies to grow without corresponding increases
in air pollution. Further measures beyond these decoupling efforts will, however, be neces-
sary for South Asian countries to reduce air pollution.

To effectively reduce air pollution, cooperation acrossjurisdictionsis needed. Lessthan half
of the air pollution in the major cities of South Asia is produced within the cities themselves.
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Figure 1.1. Air pollution in South Asia is significantly worse in some parts of the region:

The northern part of South Asia, where poverty is high, suffers from the highest level of
air pollution
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Note: Fine particulate concentrations are in pg/m?. GDP per capita is in USS.

At the same time, air pollution that originates in cities spreads well beyond the city borders.
Air pollution is transported over long distances, and then trapped in large “airsheds” shaped
by climatology and geography. As the air pollution in a location within an airshed arrives
from different locations to that airshed, the sources of air pollution are diverse, ranging from
powerplants, large factories, and traffic, to agricultural emissions, waste burning, brick kilns,
and cooking. Figure 1.2 shows the variety of sources in Delhi National Capital Territory (NCT),
and the significant contributions from locations beyond the Delhi NCT. Much of the focus of
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Figure 1.2. Delhi National Capital Territory, spatial and sectoral origin of fine particulate
matter in ambient air, 2018
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air pollution management in South Asia has been on a city level and a few major polluters
within the city. For more effective AQM, coordination within airsheds is needed, while the
focus should widen to a broader group of polluters.

This study is organized as follows: Chapter 2 provides a picture of the various sources of air
pollution in South Asia, and how these sources interact and form airsheds. Chapter 3 pres-
ents various alternative scenarios for cost-effective pollution control measures and studies
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the costs of these scenarios as compared with existing legislation. The health impacts arising
from these four scenarios are calculated in Chapter 4, along with the estimated economic
benefits of reductions in air pollution. Chapter 5 discusses policy recommendations, includ-
ing the development of airshed-scale management strategies. Such strategies will require
more information and transparent incentives for cooperation across jurisdictions.
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Figure 2.1. Information flow in the GAINS model
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Figure 2.2. Modeled average fine particulate concentrations by source for 10 x
10-kilometer grid cells compared with observations from monitoring stations located
within the grid cells in Delhi NCT, 2018
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The model computes grid average PM, , concentrations throughout the domain at a
10 x 10-kilometer spatial resolution. With these data, the mean population exposure
over the entire population in an administrative region can be computed. It is neces-
sary, however, to ensure that the modeled data are validated with monitoring data
from various monitoring stations (Figure 2.2) to ensure good predictability of future
scenarios.
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2.1Key features of air pollution in South Asia

Beyond their contributions to human exposure to PM,, in ambient air, some emission
sources cause additional health impacts through exposure in indoor environments. While
the study addresses the management of pollution in ambient air, several emission sources
cause additional health impacts through the exposure pathway in indoor environments.
Severe health impacts are estimated to result from exposure to emissions from the combus-
tion of solid fuels for cooking and heating in households without proper ventilation, adding
to the high health burden from exposure to pollution from these sources in ambient air. The
quantification of the interplay of household and ambient exposure is discussed further in
Chapter 4, which provides estimates of the total health impacts from all sources that gener-
ate ambient air pollution.

While there is considerable diversity in ambient levels of PM,_ across South Asia, aver-
age annual concentrations exceed the WHO’s Air Quality Guideline of 5 pg/m? by a wide
margin throughout the region. Concentrations of PM_, vary significantly across South Asia.
Generally, the highest levels occur in the Indo-Gangetic Plain, where annual mean concen-
trations exceed the WHO Guideline by a factor of 20 and more. Further concentration peaks
appear in many cities, as well as in desert areas. In contrast, concentrations are much lower
in the southern part of the region, although there they also surpass the WHO Guideline by a
wide margin.

In wide areas of South Asia, natural sources contribute significantly to total PM_, concen-
trations in ambient air in addition to anthropogenic sources. In some parts of South Asia,
rather large contributions to PM_, in both relative and absolute terms, originate from natu-
ral sources, from soil dust in arid regions (Figure 2.3, left panel). Some of the natural sources
of air pollution are organic compounds from plants and sea salt. Other natural sources are
released during such catastrophes as volcanic eruptions and forest fires. The importance of
natural sources that cannot be immediately influenced by policy interventions has to be kept in
mind when setting policy targets for total PM, . concentrations in ambient air, either in absolute
terms such as in ambient air quality standards, or relative ones, for example, percentage reduc-
tions of total PM, , concentrations relative to a base year.

Throughout South Asia, secondary PM, , particles, formed through chemical reactions in
the atmosphere from gaseous precursor emissions, account for a sizable fraction of total
PM, . concentrations in ambient air. Fine particulate matter in ambient air is composed of
so-called primary particles, such as soot and mineral dust, which are directly emitted, as well
as secondary particles/aerosols, which are formed in the atmosphere in chemical processes
from precursor emissions of SO,, NO , NH, and non-methane volatile organic compounds
(NMVOC). Over large areas in South Asia, such secondary particles/aerosols account for a
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Figure 2.3. Contributions of natural and anthropogenic emission sources to ambient
concentrations of fine particulate matter, 2018
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Figure 2.4. Concentrations of primary and secondary fine particulate matter
originating from human activity, 2018
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sizable fraction of total PM, . in ambient air, often exceeding the contributions of primary par-
ticles from anthropogenic sources (Figure 2.4). This has major implications for AQM: effective
strategies need to address the full range of emissions, including those of precursors of sec-
ondary particles/aerosols. Strategies focused on primary particles/aerosols can only achieve
limited reductions of total PM, , concentrations in ambient air and are unlikely to deliver cost-ef-
fective improvements as they neglect potential low-cost options for limiting emissions of pre-
cursors of secondary PM, ..

In addition to emission sources that are common throughout the world, there are activi-
ties specific to South Asia that contribute large amounts of PM,, in ambient air. Asin many
other regions of the world, power generation, large-scale industries, and mobile sources are
responsible for significant shares of total PM,, concentrations in South Asia, together often
exceeding the WHO Guideline value. However, there are other sources that are less import-
ant in other world regions that make substantial additional contributions to the pollution
load in the South Asia region, on top of the sources that are most prevalent across the world.
These include, among others: solid fuel combustion in the residential sector for cooking and
heating; small industries, including brick kilns; burning high-emission solid fuels; the current
management practices of municipal waste in the region, including burning plastics; the inef-
ficient application of mineral fertilizer; fireworks; and human cremation. Contributions of
these source categories to total PM, , concentrations in ambient air in South Asia are shown
in Figure 2.5. As a result, policy interventions that focus only on emission sources that are prom-
inent across the world would only have a limited impact on total PM, . concentrations in the
South Asia region, as they miss the large contributions caused by South Asia-specific pollution
sources.

Due to the diversity of sources that contribute to PM_, in ambient air in South Asia, partic-
ulate matter at any given receptor site needs to be traced to many different sectors. While
quantitative shares differ across cities and provinces/states due to local topographic, mete-
orological, and economic factors, except for isolated pollution hotspots, no one sector can
be identified as the single source responsible for the majority of PM_ , at any given location
(Figures 2.6 to 2.8).

Due to this multi-sectoral character of the sources of air pollution in South Asia, effective air
quality management, in addition to the sources that have been in the focus of past efforts, i.e.,
road transport and large point sources, will need to involve other sectors that are important in
specific sub-regions, such as household energy uses, small industries (e.g., brick kilns), waste
management, and agricultural activities.

PM,  particles in the atmosphere can be carried through the air by the wind for several
hundred to a few thousand kilometers before they are deposited on the surface. Thus,
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Figure 2.5. Concentrations of small particulate matter in ambient air originating from

key emission sectors, 2018
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Figure 2.5. Concentrations of small particulate matter in ambient air originating from
key emission sectors, 2018 (continuation)
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Figure 2.6. Contributions to population-weighted small particulate matter exposure in
cities in the Indo-Gangetic Plain by source, 2018
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Figure 2.7. Contributions to population-weighted small particulate matter exposure in
cities beyond the Indo-Gangetic Plain by source, 2018
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Figure 2.8. Contributions to population-weighted small particulate matter exposure in
selected cities in South Asia by source, 2018
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at any given location, PM, in ambient air originates from a wide range of upwind sources
extending over several hundred kilometers. Conversely, emissions from any given source will
be carried over similar distances and affect air quality over large downwind areas. Figures 2.9
to 2.11 reveal the origin of ambient PM, _ concentrations at specific locations. Especially in
the Indo-Gangetic Plain, with its high large-scale emission density, only a rather small share
of population-weighted PM, , exposure comes from low-level sources such as road traffic,

14
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Figure 2.9. Spatial origin of population-weighted fine particulate matter exposure in
cities in the Indo-Gangetic Plain, 2018
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Figure 2.10. Spatial origin of population-weighted fine particulate matter exposure in
Indian cities beyond the Indo-Gangetic Plain, 2018
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the residential sector, and waste management in the same city, while the majority of PM_,
exposure originates from other sources in the same province/state. In other areas where out-

side pollution levels are generally lower, a larger share of PM,  pollution in cities originates
from local sources.
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Figure 2.11. Spatial origin of population-weighted fine particulate matter exposure in
selected cities in South Asia, 2018
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2.2 Implications for AQM in South Asia

Effective AQM in South Asia therefore needs to balance measures across sectors and coor-
dinate interventions with other upwind regions. Given the variety in contributing sources,
effective solutions need balanced combinations of measures across sectors and regions,
and should prioritize those measures that achieve air quality improvements at relatively
low cost. Support of various stakeholder groups may be facilitated by a robust and shared
knowledge base on emissions sources and their consequences for air quality.

While the long-range transport of pollution requires regional coordination, effective
AQM should also tailor solutions to reflect local conditions. The share of local sources in
ambient PM_, varies over South Asia, depending on topography, meteorology, the inten-
sity and spatial patterns of emissions, and the size of the administrative regions. Figures
2.12 to 2.17 compare sources across the Indo-Gangetic Plain city of Patna, with Chennai,
India; Dhaka, Bangladesh; Kathmandu, Nepal; Rawalpindi, Pakistan; and Colombo, Sri
Lanka. As can be seen, the sources vary significantly within and across the major cities in
South Asia.
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Figure 2.12. Source allocations of population exposure to total fine particulate matter
and primary versus secondary fine particulate matter in Patna, Bihar State, India, 2018
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Figure 2.13. Source allocations of population exposure to total fine particulate matter
and primary versus secondary fine particulate matter in Chennai, Tamil Nadu State,

India, 2018
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Figure 2.14. Source allocations of population exposure to total fine particulate matter
and primary versus secondary fine particulate matter in Dhaka, Bangladesh, 2018
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Note: Fine particulate concentrations are in pg/m?®.

Figure 2.15. Source allocations of population exposure to total fine particulate matter
and primary versus secondary fine particulate matter in Kathmandu, Nepal, 2018
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Source: GAINS calculations/IIASA (2021).
Note: Fine particulate concentrations are in pg/m?.
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Figure 2.16. Source allocations of population exposure to total fine particulate matter
and primary versus secondary fine particulate matter in Rawalpindi, Pakistan, 2018
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Figure 2.17. Source allocations of population exposure to total fine particulate matter
and primary versus secondary fine particulate matter in Colombo, Sri Lanka, 2018
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2.3 The importance of airshed management for South Asia

The strong spatial interconnections between emissions sources in the South Asia region
limit the ability of single cities, states, and provinces to achieve steep reductions in pol-
lution concentrations on their own, even if they could eliminate all emissions within their
own territory. This situation is not, however, unique to South Asia. Useful approaches have
been developed in other parts of the world to coordinate AQM among different jurisdictions.
In particular, the airshed concept emphasizes the common responsibility for a shared resource,
i.e., the air mass in each region, and facilitates coordinated but differentiated response strate-
gies that achieve effective air quality improvements, while respecting the heterogeneity in the
ability of different regions to act.

An airshed can be defined as a region that shares a common flow of air, which may become
uniformly polluted and stagnant. Air quality within an airshed will largely depend on pol-
lution sources within it. The extension of an airshed is strongly determined by the spatial
distribution and intensities of emissions sources, as well as the typical patterns of pollution
transport in the atmosphere, which depends on local geography, meteorology, and climatic
conditions.

As the formation of secondary particles and the transport of primary and secondary particles
take place over large geographic areas, airsheds can extend over several hundred kilometers,
well beyond the boundaries of cities.

The need for airshed-wide coordination emerges particularly for the urban areas of South
Asia, in which a high share of PM__ pollution in ambient air is imported from outside the
area. In most cases, cities alone cannot achieve steep reductions in pollution on their own,
even if they could eliminate all emissions within their own territory.? Given the prevailing
high concentrations in many urban agglomerations in South Asia, coordination between
administrative regions that constitute common airsheds, especially between cities and the
surrounding states or provinces, will be indispensable in moving toward the WHO Interim
Targets, and especially for doing so in a cost-effective manner.

To explore potential candidate airsheds in South Asia, this study applied a two-step
approach that considers the following physical features (note that political considerations
are not addressed here):

2 However, the specific conditions in several areas of South Asia call for airshed management approaches that include multiple
states, provinces and even countries. The delineation of airsheds must include many factors, including physical geography, as
well as economic and political considerations, and their definition inevitably involves subjective judgements.
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Annex A.2.1. Application of GAINS modeling in South Asia

To capture the diversity across South Asia, the GAINS model implementation for this study
distinguished 31 emission source regions, individual states and provinces of large countries.
The impacts of their emissions on regional air quality were computed for more than 500 indi-
vidual cities, as well as for rural areas at a spatial resolution of about 50 x 50 kilometers (0.5
x 0.5 degrees).

While air pollution has a wide range of negative impacts on human health, agricultural crops
and natural ecosystems, this analysis focuses on the most harmful pollutant to human
health, PM_ .. It does not assess additional threats to human health and vegetation caused
by ground-level ozone, to biodiversity due to excess nitrogen deposition, or damage to sen-
sitive terrestrial and aquatic ecosystems caused by acid deposition.

Any effective clean air strategy will vary in approach based on the context of each country and/
or city, as well as its capacity to develop and implement measures. There is no uniform policy
prescription for air quality that is applicable to all countries and regions; such an approach
would neither be possible nor desirable for a problem that is so diverse in local circumstances.

The modeling studies reported in the report were conducted using data on economic activi-
ties, emissions, and ambient concentrations of the relevant pollutants in Bangladesh, India,
Nepal, Pakistan, and Sri Lanka. For Bangladesh, India, and Pakistan, the analysis focused
on 29 sub-national regions, covering individual states/divisions and/or aggregates of these.
These sub-regions are used for scientific convenience only and have no official or adminis-
trative significance.

The analysis presented in this report attributes changes in air quality to sources both within
and outside each of the 31 study regions. The regions are used for scientific convenience only
but, by studying which regions are affected by others, it is possible to suggest which regions
would benefit most from cooperation. Thus, the regions may be considered the building
blocks for potential airsheds, which may be made up of two or more of the study regions.

This report developed a preliminary methodology for delineating airsheds in South Asia,
which required taking many factors into account, including physical geography together
with economic and political considerations, and involved developing both pollution concen-
tration maps and PM_, transportation patterns.

The analysis for South Asia is fed by numerous local data sources, supplemented by relevant
international information that has been obtained under comparable conditions. To capture
the specific characteristics of the region, the implementation of the GAINS framework for
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Figure A.2.1. The 31 emission source regions used for modeling purposes in this analysis

NN \
N

Country Sub-region dist ished in the analysis
1 Dhaka
— Bangladesh
2 Rest of Bangladesh
10 Andhra Pradesh
T Assam
T West Bengal
T Bihar
T Chhattisgarh
T India Delhi National Capital Territory
T North East (excluding Assam)
T Goa
T Gujarat
T Haryana
T Himachal Pradesh

24



AIR QUALITY IN SOUTH ASIA — A REGIONAL PICTURE OF THE SOURCES OF AIR POLLUTION

Sub-region distinguished in the analysis

6 Jharkhand

17 Karnataka

18 Kerala

20 Maharashtra-Dadra-Nagar, Haveli-Daman-Diu

19 Madhya Pradesh

22 Orissa

7 Punjab (India)

23 Rajasthan

24 Tamil Nadu

25 Uttaranchal

8 Uttar Pradesh

16 Union Territories of Jammu and Kashmir

26 Nepal Whole country

27 Karachi

28 North-West Frontier Province and Baluchistan
Pakistan

29 Punjab (Pakistan)

30 Sindh

31  Srilanka Whole country

South Asia drew on a wide range of national data, including, among others, published statis-
tics on socio-economic aspects, fuel consumption, industrial and agricultural activities, and
the transport and waste management sectors.

This report developed coherent emission inventories for all precursor emissions of PM, , in
South Asia. For each of the 31 regions, the study compiled emission inventories of the rel-
,5 50,, NO, NH,, NMVOCs and short-lived climate pollut-
ants (SLCPs). Estimates were developed for 2015 and 2018, considering the effectiveness
of applied emission control measures. Priority was given to local measurements, and data
gaps filled by information from international studies that have been conducted for similar
socio-economic and technological conditions.

evant air pollutants, primary PM
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The spatial patterns of PM, and its precursor emissions were estimated at a 0.5° x 0.5° lon-
gitude-latitude resolution, based on relevant proxy variables updated from Klimont et al.
(2017). These estimates rely on the most recent updates of data on plant locations, remote
sensing of open biomass burning, and waste statistics that were originally developed within
the Global Energy Assessment project (GEA 2012). For the residential and transport sectors,
finer resolved emission distribution maps have been developed at a 10 x 10-kilometer res-
olution, employing fine-scale gridded population data and road maps. Natural emissions
are based on estimates employed by the European Monitoring and Evaluation Programme
(EMEP) (Simpson et al. 2012) and GEOS-Chem (van Donkelaar et al. 2019) atmospheric chem-
istry and transport models.

Air quality is assessed over all South Asia at a spatial resolution of 10 x 10 kilometers and
compared against available monitoring data. The fine-scale emission inventory serves as an
input for the calculation of PM_, concentrations in ambient air across South Asia. Using the
well-established EMEP atmospheric chemistry-transport model (Simpson et al. 2012), total
annual mean concentrations of PM_, are computed for the 200 largest cities, while concen-
trations in rural areas are estimated at a 10 x 10-kilometer resolution. These calculations
combine the fine-scale dispersion characteristics of primary PM, . emissions, which lead to
steep gradients around emission sources, with the formation of secondary particles and the
long-range transport of PM,, in the atmosphere. These are computed at a 0.5° x 0.5° longi-
tude-latitude, about 50 x 50-kilometer resolution. Calculations were conducted at hourly
intervals for meteorological datasets for 2015 and 2018.

After validation of the computed concentrations against available observations, the dis-
persion model has been used to distill the spatial dispersion pattern of low- and high-level
emission sources of primary PM,,, SO,,NO, NH, and NMVOC for each South Asian emissions
source region. Assuming constant meteorological conditions of 2018, these source-receptor
relationships were then used for estimating concentration fields for different emission pat-
terns, for example, those resulting from the application of emission controls in the future.

While public attention and legislative AQM focuses on episodic concentration peaks at pollu-
tion hotspots, maximizing public health benefits is better informed through a focus on popu-
lation exposure. In many cases, public attention on air pollution focuses on the most polluted
places, comparing measured concentrations against national ambient air quality standards.
This aligns with the prevailing legal frameworks for AQM, which prescribes compliance with
national ambient air quality standards throughout the entire territory, and thereby in the
most polluted places. Observed concentrations peaks, for example, at curb sides in busy
streets, are however not necessarily the best metric for protecting public health, as they are
only loosely related to long-term exposure of the entire population, which has been identi-
fied as the most powerful predictor for the adverse health impacts from air pollution.
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Figure 3.3. South Asia’s ambient concentrations of fine particulate matter in 2018 and
in 2030 with the already implemented emission controls and with full implementation
of measures that were decided between 2015 and 2018

A. Ambient concentrations of fine particulate matter in 2018
130

PM, [ug/m’]
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B. Ambient concentrations of fine particulate matter C. Ambient concentrations of fine particulate matter
in 2030 with the already implemented measures in 2030 with the measures decided in 2015-2018
40
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Source: GAINS calculations/IIASA (2021).
Note: Fine particulate concentrations are in pg/m?.

These policies and measures will not, however, be sufficient to reduce PM,, concentra-
tions throughout the region to meet the WHO Interim Target 1 of 35 pg/m?® in large parts
of South Asia (Figure 3.3). The effective enforcement of recent pollution control legislation
will affect the margin of uncertainty around future air quality. Not only could the recently
adopted legislation compensate for increased emissions from the steep increase in eco-
nomic activity that is projected, but it could also deliver effective reductions in ambient PM, ,
concentrations in many areas.

The envisaged structural changes in the economy, together with the already implemented
emission controls, will avoid a significant deterioration from current levels. Whether they
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Table 3.1. Four modeled approaches to AQM in South Asia

Scenario 1: Ad-hoc selection of measures

Scenario 2: Maximum technically feasible emissions
reductions

« Scaling-up of measures that are currently takenin
parts of South Asia to all its regions
+ Each region acts independently

« Fullimplementation of all technical emission controls
that are available on the world market
+ No regional coordination

Scenario 3: Compliance with WHO Interim Target 1 Scenario 4: Toward the next lower WHO Interim Target

everywhere in South Asia

+ Reduce the present difference of PM_ _ exposure by
90% to the next lower WHO Interim Target in each
region

+ Full coordination across regions to maximize
cost-effectiveness

» In all regions, mean population exposure is reduced to
35 pg/m’

+ Regions cooperate to the extent they are contributing
to pollution hotspots

Figure 3.5. Modeled potential improvements in population exposure to fine particulate
matter due to the full implementation of the ‘Maximum technically feasible emissions
reductions scenario’ in the analyzed regions in 2030
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Source: GAINS calculations/IIASA (2021).
Note: Fine particulate concentrations are in pg/m?®.

several regions, especially in the Indo-Gangetic Plain
achieve the WHO Interim Target 1 on their own even
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Figure 3.6. Improvements in exposure to fine particulate matter from the measures
taken in the ‘Ad-hoc selection of measures scenario’ in 2030

Indo-GangeticPlain Other India Other countries
120
*
100
B
= *
&
=
o 80 * o
5
32 .
8 .
3 *
3 60 *
=
o *
=
s
<
= 4 N . * WHO
Y e e o w e B o R GEEEEEEEEEEE - -==-Interim
N Ps - i N l Target 1
2 I i i I i
. W g i
0 > — %)
5 ® £ 9 <c g < g £ © ®© cCC® © ©® c © © 35 T < < = c © © < <
S T © v & [l = > 0 Pmux § 5 9 © w5 & © »n < © © @© © =
25 S85c8: S25=Css885E8c2SS8s 38 & BmEBZ &
EPSS8788 22X 2F 3ScBELB8BEESZES | =8 =xxx 2
s T © a o o £ = o S s O = £ C E B0 8o e e S
= 5 5 8 © £ = ] 5 S x s S T 55 N
= s = ES S g2 = £ =5y @ @ S 8 s T
S =] T <8 S 8 <5 s 2<cs%
8 < 2 = 33 S3&2°
= = & < S
g [=3N-= [=W
S =
= oz
= T 173
= M Potential improvements from all local measures + 2018 L
< . ) ) .
[=] m Potential improvements from all measures in all other regions £
o
=

m Improvements from the local measures taken in the Ad-hoc selection of measures scenario
Possible further improvements from measures takes in other regions

Source: GAINS calculations/IIASA (2021).
Note: Fine particulate concentrations are in pg/m?.

feasible measures (indicated by the blue bars), as the inflow of pollution from outside regions
and from natural sources already exceeds 35 pg/m?®.

Without coordination, regions cannot reliably predict their future air quality. The long-
range transport of pollution makes actual air quality improvements in a region dependent
not only on local measures but also on measures taken in other areas. This is illustrated in
Figure 3.6, in which the black bars indicate, for 2030, exposure reductions from the measures
taken in the ‘Ad-hoc selection of measures scenario’ within the same region. Obviously, ben-
efits from the local measures account for only a minor share of the full potential and miss the
WHO Interim Target 1 by a wide margin in many regions. At the same time, however, regions
will enjoy the spillover benefits from measures taken beyond their borders (the gray bars in
Figure 3.6), but the extent of these would, without regional coordination, remain unknown.®

® Starting from the exposure following compliance with 2018 legislation (Figure 3.4), the dark yellow bars indicate further pos-
sible improvements from the implementation of all measures that could be taken within a region. The light-yellow bars show
additional improvements that could result from measures taken in other regions. Red dots show exposure in 2018. The black
bars show improvements in exposure to fine particulate matter from the measures taken in the ‘Ad-hoc selection of measures
scenario’ within the region, while the gray bars show possible further improvements from measures taken in other regions.
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Airshed-wide coordination of measures enhances the effectiveness of AQM strategies. A
lack of knowledge of the spillover impacts from measures in other regions within the same
airshed will inevitably lead to costly AQM solutions, as it prohibits the selection of the most
efficient measures to meet given air quality targets. Airshed-wide coordination, despite its
governance challenges, has proven to be a powerful mechanism in other regions of the
world (California [the United States], European Union, and Jing-Jin-Ji Region [China]) for
enhancing the economic efficiency of effort spent on AQM.

Two of the above scenarios—‘Compliance with WHO Interim Target 1 scenario’ and
‘Toward the next lower WHO Interim Target scenario’—illustrate the power of coordinated
approaches. In both cases, regions would cooperate to the extent necessary for achieving
common air quality improvement targets through differentiated action such that, overall,
the economic resources spent on pollution controls are minimized.

The two scenarios aim at different air quality targets, and result in different distributions of
air quality benefits and costs.

« Following conventional approaches, the ‘Compliance with WHO Interim Target 1 sce-
nario’ prioritizes action in the most-polluted places by imposing a uniform target that
should be met in all regions of South Asia. For convenience, the WHO Interim Target 1
of 35 ug/m? has been adopted for 2030. The ambient PM,, levels under this scenario
are often lower than under the ‘Toward the next lower WHO Interim Target scenario’,
especially in the Indo-Gangetic Plain.

« In the ‘Toward the next lower WHO Interim Target scenario’ all regions reduce their
mean exposure levels gradually along the four WHO Interim Targets of 35, 25, 15, and
10 pg/m? toward the WHO Guideline of 5 pg/m?. This more innovative approach does
not delay progress that could easily be made in less-polluted places until the air qual-
ity target becomes achievable in the more-polluted places. Most importantly, a more
uniform distribution of air quality improvements delivers significantly higher health
benefits to societies, while harvesting gains from low-cost measures.

Due to their contrasting target-setting rationales, the four scenarios result in a rather dif-
ferent distribution of air quality improvements (Figure 3.7). Most notably, in 2030, the WHO
Interim Target 1 appears achievable throughout South Asia except in areas with high levels
of pollution from natural sources. Local hotspots with exposures above 35 pg/m?® remain in
the scenarios, even if the mean exposure in the region falls below this level.

The four AQM approaches differ not only in the amount and regional distribution of
improvements, but also in their cost-effectiveness.
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Figure 3.7. Ambient concentrations of fine particulate matter in 2018 and the scenarios

for 2030
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C. ‘Ad-hoc selection of measures scenario’ in 2030

40 T T T T T T T

35F 1

30 - 1

25+ 1

20+ 1

15+ 1

10 1

5 . . . .
60 65 70 75 80 85 90 95 100

E. Compliance with WHO Interim Target 1 scenario’
everywhere in South Asia, 2030
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D. ‘Maximum technically feasible emissions reductions
scenario’ in 2030
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F. ‘Toward the next lower WHO Interim Target scenario’
in 2030
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Source: GAINS calculations/IIASA (2021).
Note: Fine particulate concentrations are in pg/m?.
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