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Executive Summary

Air pollution in South India typically receives less attention than other polluted regions in
India. Except for national-level regulations, focused policy efforts on emission mitigation
have largely been concentrated in Delhi-NCR and states in the Indo-Gangetic Plain (IGP),
where higher levels of pollution are observed. The South Indian region, however, still
includes about 25 of the 131 non-attainment (NA) cities listed under the National Clean Air
Programme (NCAP). For the major urban regions in southern India, the Central Pollution
Control Board (CPCB) monitoring data from 2021 to 2025 indicate that the annual average
PMyo levels exceed the annual National Ambient Air Quality Standards, while PM;s remains
below the annual standard in all cities, except Visakhapatnam. However, these numbers
have been increasing in some cities, indicating the need for a proactive management
approach to curb the rising air pollution.

NCAP has allocated about INR 2,862 crore to NA cities since 2019-2020. The XVth Finance
Commission provides an additional INR 13,561 crore to million-plus urban agglomerations.
However, only 9 of the 131 funded cities have met the 40% reduction target for PMy,under
NCAP, and most cities remain above the limit of 60 yg/m?3. The challenge is structural,
stemming partly from NCAP's initial city-level focus. Cities can regulate only the emissions
within their own boundaries, but a share of the observed pollution originates outside. Thus,
air quality management efforts must extend beyond city jurisdictions to achieve effective
improvement. To draw attention to the rising air pollution levels in South India and promote
regional coordination among the states for air quality action, this study proposes a
modelling-based policy framework for tackling cross-border air pollution in South India.

Chemical transport modelling-based estimates were used to quantify the contribution of
five South Indian states to each other's pollution levels. Between the southern Indian states,
at an annual average level, 38%i 65% of the pollution originates from the region, while the
remaining is transported. The local contribution in all South Indian states is lowest in
Telangana (38%), Andhra Pradesh (44%), and Karnataka (47%) and highest in Tamil Nadu
(61%) and Kerala (65%). The results also indicate that unlike Delhi-NCR or IGP, the
transboundary contribution in South Indian states varies depending on prevailing
meteorological conditions and their geographic locations. While the major emission
sources are still the same, their strengths and relative contributions vary between states.
Based on the modelling results, a regional cooperation framework can be built, in which
these states work in sync to develop aligned policies and achieve clean air.

The regional coordination framework for states has a precedent in India. The establishment
and operation of the Commission for Air Quality Management in National Capital Region
and Adjoining Areas (CAQM) demonstrate how a statutory body with jurisdiction over
several states is functional within India’s federal structure and can deliver results. As per
reports by the CAQM, paddy stubble burning dropped by 90% in 2025 compared with 2022.
Industrial coal use in the National Capital Region has been almost entirely phased out.
Delhi's annual particulate matter levels have declined gradually since 2016 until 2019 and
remained steady in the past few years. There are limitations too. Directions do not translate
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automatically into action because delivery rests with the states. Further, CAQM also has no
financing mechanism of its own.

The National Green Tribunal has made regional coordination a formal requirement. In its
order dated 28 April 2026, it notes that air pollution crosses administrative boundaries and
reqguires a regional or airshed perspective. It directed the Ministry of Environment, Forest
and Climate Change and CPCB to establish institutional arrangements for coordination
among the southern states. This report is aligned with that direction. It combines the
modelling evidence with institutional design to set out a phased pathway for the five states
to work together.

This report proposes building that coordination in two stages. The first stage involves
voluntary cooperation. The states agree to a common regional goal, and each state then
chooses its own measures based on the modelling results and the policy instruments
available to it. This stage is easier to begin and builds the shared inventory and monitoring
and financing arrangements that any binding authority would need.

The second stage involves establishing a statutory body for the five states, termed the
Peninsular Air Quality Regional Coordination (PARC), by consent under Article 252 of the
Constitutiond the route used to enact the Water Act of 1974 and the Air Act of 1981. PARC
would set binding regional targets and hold member states accountable, with
implementation resting with the states. This stage offers legal force and a single point of
accountability, but an enforcement-first design is difficult to establish without the shared
evidence base and coordination habits developed in the first stage.

Both stages need the same three instruments: a harmonised Peninsular Region Emission
Inventory, a shared monitoring dashboard, and a seasonal Peninsular Air Quality Response
Protocol (PAQRP).

Regarding the various sectors that affect air quality in the region, the report recommends
a varying degree of action. The domestic sector needs subsidised refill access, induction
cooking, and bio-CNG. Industry needs an approved fuel framework, which has yet to be
notified in the five states. Energy needs enforcement of norms that already exist. Transport
needs uniform targets for electric vehicle adoption and phasing out of older vehicles.

Further, the report does not recommend establishing a new fund. The Clean Air Financing
Convergence (CAFC) mechanism would instead align flows that already exist, from Finance
Commission grants to largely unspent environmental compensation, towards these
priorities.

Three sets of limitations qualify these findings. First, the model runs at a 25-km resolution
with 2019 as the base year. This suits state and regional analysis but not city-level attribution.
The model establishes source-receptor relationships. However, it does not project air
quality under alternative policy scenarios. Rather, it identifies priority sectors for
intervention and state-specific vulnerabilities to transboundary pollution. Limited PMys
speciation data also restrict validation against ground measurements. The second
limitation concerns the emission inventory. India has no comprehensive national emission
inventory, so the study relies on global datasets, which are based on gross activity data, lack
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systematic ground-level validation, and do not capture the sub-monthly variation in
emissions. Emission estimates, therefore, remain the largest source of uncertainty in this
work. The third limitation concerns the governance structure proposed. Both roadmaps
depend on sustained political will and robust institutional capacity and preparedness.

However, these considerations need not be a reason to defer action. Instead, it would be
recommended that the process be initiated now by developing and adopting an approach
suited to the South Indian context, while allowing the framework to evolve over time as
more data become available, understanding improves, and institutional capacity is
strengthened.
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The figure shows the top three non-local contributions to PM,s over five South Indian
states. The source state is shown on the left, and the receptor state is shown on the right.
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1. Air quality in South India

Air pollution in South India often receives far less attention than the severe pollution levels
in northern and central India. Yet, concentrations of PMy and, in some cases, PM,s continue
to exceed the National Ambient Air Quality Standards (NAAQS) in major cities across the
region. Annual average PM), and PM,s concentrations calculated from the Continuous
Ambient Air Quality Monitoring Station (CAAQMS) in Bengaluru, Kochi, Chennai,
Visakhapatnam, and Hyderabad during 2021-2025 indicate PMy levels mostly exceeding
the NAAQS, despite interannual variability (Figure 1). In contrast, PM;s levels remain below
the annual NAAQS in all cities except Visakhapatnam, with a slight year-on-year increase
observed in the CAAQMS data for the selected cities (Figure 2). Overall, these findings
indicate that while PMy, remains a persistent air quality concern in South India, the
increasing trend in PM3s should not be neglected, given its impacts on public health.

Figure 1: Annual average PMio concentrations in major South Indian cities (2021-2025) based on
CAAQMS data
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Figure 2: Annual average PMzs concentrations in major South Indian cities (2021-2025) based on
CAAQMS data
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In recent years, substantial resources have been diverted to pollution control through the
National Clean Air Programme (NCAP), and most cities in the region have also
implemented measures to reduce local emissions. However, despite these efforts, the
improvements in air quality have been limited.

Currently, a major gap in air quality management is the control of non-local pollution
sources in these cities. As a result, a city implementing rigorous vehicular emission controls
or waste management practices will continue to face severe air pollution if industrial
clusters, power plants, and agricultural burning in neighbouring states or regions
contribute the bulk of ambient concentrations. Thus, air quality over a city and state is not
determined solely by sources located within its own boundaries but is also substantially
influenced by upwind sources. A region can be upwind (a source of pollution) or downwind
(@ recipient of pollution) depending on prevailing geographical conditions and wind
patterns. In South India, where transboundary pollution transport is substantial and varies
by season, air quality action must shift from a city-level to an airshed-level approach.

An airshed is a geographic area where pollutants are transported and accumulate, often
resulting in similar air quality across the region. Its boundaries are shaped by meteorology
and topography rather than political boundaries and can therefore extend across multiple
districts and states. Specific to the South Indian region, several studies have attempted to
define the airshed based on meteorology (Zaid and Sahu, 2025), agro-climatic zones
(Guttikunda, 2024), and dominant source contributions (Brauer et al,, 2019). While parts of
all five states (Karnataka, Kerala, Tamil Nadu, Andhra Pradesh, and Telangana) are included
in the same airshed, none of these studies define the airshed's geographical boundaries.
Regional cooperation to improve air quality can be developed based on geography,
meteorological similarities, and shared pollution issues, whether seasonal or year-round.
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However, when an airshed extends across regions or districts in another state, coordination
moves beyond a single state’s jurisdiction and becomes more complex owing to differences
in rules and regulations across states. Therefore, a framework that brings multiple states
together is needed to address shared air quality challenges in all five South Indian states.
Such cooperation can form the basis for a multi-jurisdictional air quality management plan.

1.1. Current air pollution management under the National
Clean Air Programme

The NCAP was launched in 2019 by the Ministry of Environment, Forest and Climate Change
(MoEFCC), with a focus on implementing sectoral policies, strengthening monitoring, and
enhancing public participation in about 131 non-attainment (NA) and million-plus cities
across the country. The goal of the programme was to achieve a 40% reduction in PMyg
concentrations or meet the ambient air quality standards for PMy of 60 ug/m? by 2025-
2026, relative to levels in 2019-2020. Comyparison of PMs concentrations between 2019-2020
and 20251 2026 shows that only nine cities have achieved the intended 40% reduction, and
Mmost cities remain above the national standard of 60 ug/m?3 (Figure 3).

Figure 3: Change in PMio concentrations over 130 non-attainment and million-plus cities under
NCAP (Source: NCAP Tracker, PRANA Portal).
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Under NCAP, about INR 2,862 crore was allocated to NA cities from 2019 to 2020, while INR
13,561 crore was made available through the 15th Finance Commission grant from 2020 to
2021 to 42 million-plus urban agglomerates. The funds are made available to various urban
local bodies (ULBs) to control PMy-emitting sources within their jurisdictions; however, a
recent air quality modelling study (Lal et al. 2025) suggested that on an average, about 85%
(range: 17%-98%) of the modelled PM,s concentration over 143 cities (including 122 NCAP
NA cities and additional million-plus population cities) is transboundary or non-local in
nature. While a city or urban agglomeration can be affected by local sources, such as
transport, residential fuel use, industrial activity, construction, demolition, and open
burning, these are often supplemented by emissions from rural households, coal-fired
power plants and industries, agricultural waste burning, and informal industries such as
brick kilns. Although more studies are needed to understand the transboundary nature of
pollution, clean air action plans that focus only on local emission sources might not be
sufficient to improve air quality and meet NCAP targets. Extending the scope of NCAP to
an airshed-level, multi-jurisdictional approach for all NA cities could strengthen its impact
and deliver greater reductions in particulate matter (PM) levels.

1.2. Governing air pollution beyond state boundaries

From an implementation perspective, India's current federal structure allows each state to
formulate its own policies. One state's environmental policy is independent of another's,
even when they affect shared air. Thus, a state cannot impose standards on another or
enforce emission controls across borders. This dichotomy between the geography of air
pollution and the geography of regulatory powers defines air pollution management in
India.

However, this challenge is not unique to India, and several countries have attempted to
mitigate transboundary pollution through different mechanisms. The United States
Environmental Protection Agency (USEPA) requires upwind states to limit emissions that
affect air quality in downwind states and mandates that states prepare a State
Implementation Plan (SIP). SIPs set out how each state will meet and maintain the national
air quality standards, and USEPA can impose a federal plan if a state's plan is not approvable
(United States Environmental Protection Agency, 2026). Further, Europe has established
binding regional protocols through the Convention on Long-Range Transboundary Air
Pollution (United Nations Economic Commission for Europe, 1979).

India also has set a precedent in transboundary air quality management by establishing
the Commission for Air Quality Management in National Capital Region (NCR) and
Adjoining Areas (CAQM) in 2021. CAQM is a supra-institutional body that governs a multi-
jurisdictional region encompassing parts of three states (Haryana, Rajasthan, and Uttar
Pradesh) and the entire Delhi. Created via an ordinance in the parliament, the CAQM issues
binding directions to these states and enforces compliance. It has achieved measurable
results, including a 90% reduction in stubble-burning incidents and a gradual
improvement in Delhi's annual PM,s levels. This demonstrates that federal coordination on
transboundary air pollution is possible within India's constitutional framework. However,
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CAQM's model addresses a geographically concentrated pollution hotspot in the NCR (with
directional pollution transport). The NCR comprises multiple polluted cities located close to
one another. This is starkly different from peninsular India, wherein multiple pollution
centres are distributed across states. This distributed geography requires a coordination
mechanism that works across five states with varying emission profiles and institutional
capacities. The mechanism should enable states to address shared problems while
accounting for their unigue challenges.

Further, recent National Green Tribunal (NGT) orders on air quality management in the
southern region have explicitly recognised this need. The NCT has emphasised that ‘air
pollution transcends administrative boundaries and therefore requires a broader regional
or airshed-based perspective’. Most significantly, the NGT has issued a specific direction
that ‘the Ministry of Environment, Forest and Climate Change (MoEF&CC) and the Central
Pollution Control Board (CPCB) establish appropriate institutional arrangements to ensure
effective regional coordination and cooperative action among the Southern States’. This
judicial mandate recognises that independent state action has reached its limits and that
the region requires a governance framework enabling coordinated action (National Green
Tribunal, 2026).

Supporting the NGT mandate, this study proposes a framework for regional air quality
governance grounded in air quality modelling and observations and shaped by existing
governance arrangements, recent NGT orders on regional coordination, and India's federal
constitutional structure. The framework rests on one central insight from the modelling:
improving air quality in South India requires coordinated action but with flexibility for states
in how they address their contributions to regional pollution.

Section 2 of this report presents the modelling methodology and results indicating
transboundary pollution and sectoral contributions, highlighting the need for regional
coordination. Sections 3-5 provide guidance through the CAQM experience, map existing
governance arrangements and policy gaps across the five states, and review international
approaches to transboundary air pollution. Section 6 presents a two-stage governance
model, identifies sectoral and state-specific priorities based on scientific evidence rather
than arbitrary spending patterns, and proposes a funding mechanism aligned with
regional needs. The final section addresses limitations and describes future directions.
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2. Air Quality Modelling

This section discusses the air quality modelling approach used in this study to assess
pollution transported across state borders, the contributing sectors, and variations by
season and geography.

2.1. Methodology

This study undertook a comprehensive assessment of regional air pollution transport and
source contributions across the five South Indian states, Karnataka, Kerala, Tamil Nadu,
Andhra Pradesh, and Telangana, using the Weather Research and Forecasting (WRF)
model coupled with the Comprehensive Air Quality Model with Extensions (CAMx). The
CAMx model is a multi-scale photochemical modelling system for gas- and particulate-
phase air pollution and has been approved by the USEPA for developing state-level SIPs. It
obtains meteorological and other inputs generated by the WRF model, as well as emissions
from various anthropogenic and natural sources. The Particulate Source Apportionment
Technology (PSAT) module in CAMXx is used to quantify the regional and sectoral
contributions of PM,s from one region to another. The modelling framework uses a global
emission inventory that provides emissions of air pollutants classified into six major sources.
These results establish baseline source-receptor relationships identifying where emissions
originate, where they impact, and to what extent, indicating the most vulnerable states and
the sectors contributing to the pollution burden in each state. This dual insight enables
state-specific and sector-specific recommmendations. For example, if domestic energy use
in state A degrades air quality in state B, the governance framework must ensure that state
A prioritises energy transition as a regional responsibility. The governance framework,
described in Section 6, ensures that sectoral priorities and recommendations are grounded
in actual pollution patterns.

For this work, the model is run for the base year of 2019 at a 25-km spatial resolution. The
emission data include a combination of multiple emission inventories: Community Earth-
Atmospheric Data Systems (CEDS, McDuffie et al.,, 2020) for major anthropogenic emission
sources, Global Fire Emissions Database (GFED v4.1, Randerson et al., 2017) for crop-residue
burning and forest fire-related emissions, Emissions Database for Global Atmospheric
Research (EDGAR ve.l, Crippa et al., 2022) for emissions from the aviation sector, WRF-Chem
simulations for natural dust emissions (Singh et al, 2021), Copernicus Atmosphere
Monitoring Service. Global Biogenic VOC emissions (CAMS-GLOB-BIO version 31,
Sindelarova et al,, 2022) and a CAMXx utility to calculate emissions from oceanic sources. The
initial and boundary conditions needed for the model are obtained from the Whole
Atmosphere Community Climate Model. To identify the contribution of any region or source
to a receptor, the PSAT tool in CAMx was used. Results for the regional and sectoral PSAT
for the five South Indian states are discussed in the next subsection.
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2.2. Results

2.2.1. Interstate transport pathways and source-receptor relationships

The five South Indian states exhibit distinct source-receptor relationships, with local
emissions remaining the dominant contributor to PM,s concentrations in every state. The
regional contribution from one state/region to other states in South India, as simulated with
CAMX-PSAT, is presented in Figure Al. Except for Telangana, the regional contribution from
just the five South Indian states accounts for more than 40% of the seasonal/annual average
PM,s concentration in the state under consideration. The local contribution is high in Kerala
and Tamil Nadu and decreases in the north, as they share borders with more states in
peninsular India. Coordinated action among the five South Indian states can lead to a
significant reduction in their overall PM,s concentrations. Figure 4 shows the absolute
contributions of different South Indian states to one another, after excluding contributions
from other regions. In contrast, local contributions play a major role, and transported
contributions are significant during the highly polluted post-monsoon and winter seasons.
An example of regional and sectoral contribution to Karnataka is given in the Appendix
(Figure A2).

Figure 4: Absolute contributions from and to different states in South India
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Annually, Andhra Pradesh is the largest external contributor to Karnataka and Telangana,
accounting for about 15% and 25%, respectively, of the contributions from South Indian
states after excluding pollution originating outside the region. Tamil Nadu is the dominant
external contributor to Kerala (19%), while Kerala contributes about 9% to Tamil Nadu.
Karnataka also contributes to Andhra Pradesh (15%), Telangana (9%), and Kerala (9%). In
contrast, Kerala contributes less than 5% to Andhra Pradesh and Telangana. Overall, the
results show that interstate pollution transport within South India is strongly influenced by

geographical proximity, although the magnitude and direction of transport vary among
states.

Tamil Nadu maintains a consistently high local contribution throughout the year, indicating
that seasonal changes have a comparatively smaller influence on interstate transport of
pollution. However, for all other South Indian states, seasonal meteorology modulates the
interstate transport patterns. Andhra Pradesh and Telangana are also affected by pollution
transported from central and northern India, given their geographical proximity along the
northern boundary of the proposed South India Regional Cooperation (see Figure Al). The
sourcei receptor relationships among South Indian states are presented in Table 1.

Table 1. Seasonal relative contribution (in %) from source states (row) to receptor states (column) in

South India
N = 0O De 0O ab Mre 0 ole O
KA KL TN AP TS KA KL TN AP TS
KA 573 1.4 9.2 21.4 10.7 KA 67.1 3.0 13.1 10.3 6.5
KL 9.8 553 30.0 4] 0.8 KL 10.0 69.8 16.5 2.4 13
TN 1.8 29 86.1 7.7 1.5 TN 4.7 n.5 79.6 29 1.4
AP 37 0. 6.1 84.0 6.1 AP 9.3 1.6 26.5 58.8 38
TS 2.6 0.0 1.4 28.8 67.3 TS 6.9 0.7 n.8 27.8 52.8

KA KL TN AP TS KA KL TN AP TS
KA 86.0 6.4 2.4 2.6 2.6 KA 66.1 3.0 52 15.1 10.6
KL 3] 94.5 1.4 0.5 0.5 KL 10.8 68.3 16.0 31 1.8
TN 7.6 14.3 75.8 1.7 0.6 TN 3.6 6.9 81.3 6.7 1.4
AP 19.7 1.3 13.3 57.7 8.1 AP 7.6 0.6 7.6 76.8 7.4
TS 235 0.4 5.0 12.3 58.8 TS 4.3 0.1 0.7 23.7 71.3

Sample interpretation for Karnataka in Winter season: 57.3 % pollution is from Karnataka
itself, 21.4% from Andhra Pradesh, 10.7% from Telangana, 9.2% from Tamil Nadu, and 1.4%
from Kerala

Unlike the Indo-Gangetic Plain, where severe wintertime pollution in cities such as New
Delhi often shapes the regional air quality narrative, South India lacks a single dominant
pollution hotspot. Instead, air quality is governed by a network of interacting source and
receptor states, with the relative importance of local and transported pollution varying
across space and time. This makes regional cooperation particularly important, as
improving air quality requires coordinated action across multiple states rather than
interventions focused on a single geographic area.
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@ CSTEP

Across all interstate transport pathways, the exchanged PM;s is predominantly associated
with emissions from domestic, industrial, and energy sectors, although the relative
importance of these sectors varies between source states. These three sectors account for
the majority of pollution transported between South Indian states, highlighting them as
the main sectors for coordinated regional emission-control strategies. The sectoral sourcei
receptor relations are presented in Figure 5. Based on this plot, domestic sector, industries,
and open burning are the major emission sources at the local level across all five states
(except Tamil Nadu, where energy sector is also a major contributor), whereas domestic
sector, industries, and energy sector are three major emission sources contributing to
transported pollution in all five states.

Figure 5: Sankey diagram showing the top three local and transported emission sources for the five
South Indian states

Local Sources States Transported Sources
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2.2.2. Net contributors and net receivers: Implications for regional
coordination

The previous subsection established that interstate pollution transport follows
geographical proximity and seasonal patterns. However, this transport is not evenly
apportioned; some states export more pollution than they receive, while others absorb
more than they contribute to the region. This section examines these disparities and
identifies each state's role in the regional pollution system. Understanding these
differences is critical for governance design, as they highlight why a uniform approach
cannot work: states with different vulnerabilities and responsibilities require different
priorities in coordinated action.

These modelling results show that while local emissions remain the dominant contributor
to PMys concentrations in all five states, the magnitude of interstate transport and the
balance between pollution received and exported vary considerably. Tamil Nadu and
Andhra Pradesh are net contributors, exporting more to neighbouring states than they
receive. Kerala and Telangana are net receivers, whereas Karnataka both receives and
exports moderate amounts owing to its central location within the region (Figure 6).
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Figure 6: Seasonal and regional contribution (receivers and contributors) to different states in South India

Note: A state is a receiver in a season if the difference in the contribution between two states is negative, whereas a state is a contributor if the difference is positive.
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