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Polutants in Scope
Particulate Matter (PM10 &
PM2.5) - The most concerning
pollutants due to their ability to
penetrate deep into the
respiratory system.

Nitrogen Dioxide (NO₂)
Sulfur Dioxide (SO₂)
Carbon Monoxide (CO)
Ground-Level Ozone (O₃)
Volatile Organic Compounds (VOCs)
Ammonia (NH₃)

Air Pollutants

No Known Safe Threshold: There is no evidence of
a safety threshold below which exposure to air
pollutants such as PM2.5 does not cause health
effects. [1, 2, 3]
 In 2021, the WHO global air quality guidelines
reduced recommended annual PM2.5 limits from 10
µg/m³ to 5 µg/m³ specifically because recent
studies showed harm at levels previously considered
low.

III 



Strategic Report Highlights

BASELINE FACTS: THE "NEM PIPE" REALITY
The Receptor State
Sri Lanka sits at the end of a sub-continental "pollution pipeline." During the Northeast
Monsoon (NEM), we are the primary receptor for a concentrated stream of industrial
and agricultural waste.
Aged Toxicity
The air we breathe in Colombo is often more toxic than at the source. As the plume
travels over the ocean, it undergoes "chemical ripening," increasing its oxidative
potential and making it more damaging to human lungs and hearts.
The Second Killer
Air pollution is now the second deadliest risk factor in the region, outranking
malnutrition and tobacco as a driver of premature mortality.

FORENSIC FINDINGS: RECORDED REALITY
The 4x Surge

 Data from our "Truth-Anchor" network proves that a single sub-continental plume event
can spike local pollution levels by 400% (4 times) within 48 hours.

The Seasonality Myth
Local pollutants (traffic/waste burning) only reach "Unhealthy" or "Hazardous" levels when

trapped by specific NEM seasonal conditions. Without the sub-continental "load," our air
remains largely manageable.

The True Contributor
 Cyclones and depressions create temporary "peaks and valleys" (turbulence), but the

Northeast Monsoon itself is the steady conveyor belt that delivers the bulk of our annual
toxic load.

THE IMPACT: THE COST OF SILENCE
The Mortal Disparity
Annual deaths from air pollution in South Asia are 40 times higher than all global
deaths from natural disasters combined. We have sirens for the 1, but silence for the 40.
The GDP Drain 
This is a "Keystone Issue" for the economy. The drain is not just the hospital bill; it is the
erosion of Tourism appeal, reduced Labour Productivity (0.5% loss for every 1 μg/m
increase in PM 2.5), and stunted Crop Yields.

3

Generational Stunting:
 Pollution exposure in children leads to lifelong respiratory deficits, creating a
"productivity tax" on the future workforce of Sri Lanka.

POLICY: THE "ONE-AIR" JOINT EFFORT
Diplomatic Realism 

While "Polluter Pays" is legally valid, it is diplomatically slow. We propose a "One-Air"
Regional Effort—treating the airshed as a shared asset rather than a border dispute.

Seasonal Alignment 
The NEM is our "Crisis Season." National policies, school schedules, and industrial

"scrubber" maintenance across the region must be synchronised for this specific window.
Carbon-to-Health ROI 

Promoting Carbon Market Investments (Article 6) in the Indo-Gangetic Plain is our best
defence. Every 1 Rupee invested in regional "No-Burn" programs brings a 15 Rupee return

in reduced national health expenditures.
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Executive
Summary

This report presents the findings of
an extensive atmospheric study that
moves beyond theoretical modeling
to provide an empirically-validated
"Recorded Reality" of Sri Lanka's air
quality crisis. By integrating ground
sensors with forensic chemical
fingerprinting, we have verified that
Sri Lanka is the primary downwind
receptor for a sub-continental
"pollution pipeline." This study serves
as a call to action for a national Air
Quality Early Warning System (EWS)
and a shift toward a "One-Air"
Regional Defense Strategy.

Bridging the Siren Gap
The Strategic Mandate

SRI LANKA STANDS AT A CROSSROADS.
WE CAN CONTINUE TO TREAT AIR
POLLUTION AS A LOCALIZED
INCONVENIENCE, OR WE CAN
RECOGNIZE IT AS A MAJOR NATIONAL
HAZARD THAT DEMANDS A DISASTER-
SCALE RESPONSE. THE DATA IS CLEAR,
THE FORENSIC EVIDENCE IS RECORDED,
AND THE "ONE-AIR" PATH OFFERS A
PROFITABLE, LIFE-SAVING WAY
FORWARD.
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1. The Forensic Reality: 
A Toxic Baseline
Our empirical evaluations confirm that
Sri Lanka’s air quality is not merely a
product of local traffic or industry.
Instead, we have identified a "Sub-
continental Plume" that acts as a toxic
baseline.

The Receptor Effect: During the
Northeast Monsoon (NEM), "Aged
Plumes" from the Indo-Gangetic
Plain are funnelled directly into our
doorstep.
The 4x Surge: Our ground-truth
data shows that these
transboundary events can
quadruple local PM 2.5 levels,
pushing our air from "Acceptable"
to "Hazardous" regardless of local
emission controls.
The Colombo Trap: Theoretical
validation of our coastal
topography confirms that once this
regional plume enters our urban
centres, it becomes trapped due to
the central hills, creating prolonged
periods of dangerous stagnant air.

2. The Mortal Disparity 
(The 40x Factor)
The most staggering finding of this
study is the Siren Gap. While the world
has built high-level infrastructure to
warn against natural disasters, which
kill approximately 50,000 people
globally each year, we remain silent in
the face of a much larger threat.

Regional Crisis: Air pollution kills
2.1 million people annually in South
Asia, a figure 40 times higher than
all global deaths from natural
disasters combined.

Keystone Economic Drain: This is
not just a health crisis; it is an
economic "GDP drain." The "Silent
Pandemic" erodes tourism appeal,
reduces labour productivity, and
stunts agricultural yields through
atmospheric dimming.

3. Policy Transformation: 
From "Polluter Pays" to "One-Air"
Traditional "Polluter Pays" legal
frameworks, while theoretically valid,
are practically insufficient for the
transboundary nature of South Asian
smog. We propose a proactive "One-
Air" Joint Effort:

The 1:15 ROI: Our economic
modelling shows that air quality is a
high-yield investment. Every 1
Rupee invested in regional
mitigation (such as "No-Burn"
agricultural shifts in the IGP)
generates 15 Rupees in savings for
our national health bill and
increased productivity.
Article 6 Carbon Markets: We
recommend leveraging the Paris
Agreement to facilitate Sri Lankan
investment in sub-continental
emission reductions. By purchasing
"Avoided Emission" credits from
regional neighbours, we effectively
"buy" cleaner air for our own
citizens at a fraction of the cost of
medical treatment.
National Defence via EWS: We
must implement an Air Quality
Early Warning System to bridge the
Siren Gap. Just as we warn of
tsunamis and floods, we must
provide our schools, hospitals, and
citizens with the "Golden Window"
of 48 hours to prepare for incoming
pollution surges.
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Introduction

Air quality in Sri Lanka, while
generally favorable for much of the
year, has increasingly become a
subject of national concern due to
the recurring phenomenon of
transboundary air pollution [4, 5].
Unlike localised pollution stemming
from domestic vehicular emissions
or industrial activity, transboundary
pollution involves the synoptic-scale
transport of contaminants across
international borders. This poses a
growing environmental and public
health challenge, driven primarily by
pollutants channeled from the Indo-
Gangetic Plain (IGP) [6]. Fine
particulate matter (PM 2.5) from
industrial emissions, vehicle exhaust,
crop residue burning, and power
plants crosses the Palk Strait and
the Bay of Bengal via northeast
monsoon winds, exacerbating air
quality declines from November to
February [7]. 

In the Sri Lankan context, this
manifests as a seasonal "murky"
haze that blankets the island,
significantly elevating the Air Quality
Index (AQI) to "Unhealthy" (101-150)
or occasionally "Hazardous" levels
based on US EPA standards [8].
During these peak periods, the AQI
frequently exceeds unhealthy
thresholds in northern, north-
central, and western regions—
specifically Jaffna, Polonnaruwa, and
Colombo [9]. While the Indian
subcontinent remains the primary
contributor, back-trajectory analysis
occasionally identifies secondary
long-range influences from the East
Asian mainland and the Arabian
Peninsula, illustrating the complex,
multi-national nature of Sri Lanka’s
seasonal airshed [6, 10].

Air pollution is currently the
second leading risk factor for

death worldwide, surpassed
only by high blood pressure.
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1. Domestic Anthropogenic Emissions:
Generation of pollutants from local

sources (traffic, industry, waste

burning) within national borders.

2. Atmospheric Dispersion & Export:
The movement and dilution of local

pollutants away from their source and

out of the national territory.

3. Long-range Transboundary
Transport: The inward entry of

pollutants from regional sources

outside national boundaries.

4. Physicochemical Transformation:
The chemical aging of pollutants and

the formation of secondary particles

(like sulfates) during transit.

 Local Air
Quality Budget

THE COMPONENTS OF THE

Scope Note: While this report
focuses primarily on the
transboundary influx of pollutants,
it acknowledges the complex
interplay between local emissions,
regional transport, and
atmospheric chemistry. These
elements are deeply
interconnected and collectively
define the air quality profile
observed during the monsoon.
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Source Load (Upwind Intensity): The
mass of emissions available at the point
of origin. This is seasonally dictated by
industrial activity and massive
agricultural residue burning events in
Northern India and neighbouring
regions.
Synoptic Wind Patterns (Horizontal
Transport): The "Conveyor Belt" of the
Northeast Monsoon. The speed and
direction of these winds determine the
trajectory of the pollution corridor and
how much of the plume makes landfall
in Sri Lanka.
Planetary Boundary Layer (PBL) &
Mixing Height: The vertical "ceiling" of
the atmosphere. A low mixing height
(common in winter) compresses
pollutants into a smaller volume near the
ground, causing a sharp increase in
recorded concentrations even if the total
amount of pollution remains the same.
Deposition and Removal Processes:
The "Atmospheric Sieve." This includes
wet deposition (rain/scavenging) and dry
deposition (gravity), which remove a
portion of the pollutants—especially
reactive gases—before they reach the
receptor site.

Transboundary
Transport

DRIVERS AND MODULATORS OF 
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The “Tibetan Trap”
THE SEASONAL RESERVOIR AND 
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1.1 The Ographic Barrier: The Himalayan-Tibetan Wall
The unique topography of South Asia plays a decisive role in regional air quality. To

the north of the Indo-Gangetic Plain (IGP) lies the Tibetan Plateau—an immense

landmass with an average elevation exceeding 4,500 meters. This creates a

formidable physical wall that prevents the northward dispersion of surface-level

pollutants. Since the majority of anthropogenic fine particulate matter (PM2.5)

remains concentrated within the Planetary Boundary Layer (PBL), typically below

2,000 meters, these contaminants are effectively "corralled" against the Himalayan

foothills [11].

1.2 The Winter Inversion: The "Thermal Lid"
As the region transitions into the pre-monsoon and early winter months, a powerful

high-pressure system develops over the Tibetan Plateau. This leads to large-scale

subsidence (sinking air), which compresses the atmosphere over the IGP.

Temperature Inversion: The ground cools faster than the air above it, creating a

"temperature inversion."

The Result: This acts as a "thermal lid," preventing pollutants from rising and

dispersing vertically. Trapped between the mountains to the north and the inversion

layer above, the IGP becomes a massive reservoir of stagnant, toxic air.[12-15]

1.3 Seasonal Emission Loading
The "Trap" becomes hazardous because it

coincides with the highest emission period

of the year. This seasonal emission surge is

driven by two primary factors,

Agricultural Residue Burning: Post-

harvest clearing of paddy straw in states

like Punjab and Haryana releases massive

plumes of carbonaceous aerosols.

Biomass Heating: As temperatures drop,

millions of households rely on wood and

dung-cake fires for heating, adding a

continuous stream of organic carbon to

the stagnant air mass [7].

Readiness for Transport

By late October, the IGP is
essentially a "loaded spring." The
pollutants are at their highest
concentration, waiting for a
meteorological trigger to move
them south. As the Northeast
Monsoon winds begin to
establish, this concentrated
"pool" of PM2.5 finds its exit
path, channelled downward
toward the Bay of Bengal and
eventually, the Sri Lankan
coastline.

Readiness for Transport

By late October, the IGP is
essentially a "loaded spring." The
pollutants are at their highest
concentration, waiting for a
meteorological trigger to move
them south. As the Northeast
Monsoon winds begin to
establish, this concentrated
"pool" of PM2.5 finds its exit
path, channelled downward
toward the Bay of Bengal and
eventually, the Sri Lankan
coastline.

01 



2023-10-28 2022-10-28 

2024-10-31 2025-11-07 

2020-10-25 2021-10-25 

The PM2.5 Plume distribution near the NE Monsoon Season starts.
 The Tibetan Plateau acts as a barrier to make the reservoir. 
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Methodological Scope & Justification

1. The "Plume Thickness" Priority (Obsolescence of Old Data) We have prioritised

2020–2026 datasets over older studies (pre-2015) because the optical thickness and

chemical density of the Indo-Gangetic plume have fundamentally changed.[15]

Recent observations suggest that the current aerosol load is now heavy enough to

exert its own "radiative forcing," effectively modulating the weather patterns it travels

through.[17,18] Therefore, 15-year-old models no longer accurately predict the

behaviour of today's "thicker" and more resilient plumes.[19]

2. Regional Focus: The NE Transition and Onward. Given the extreme complexity of

the Indian subcontinent’s internal meteorology, this report intentionally narrows its

focus. We treat the Indian peninsula as a Source Reservoir that reaches a critical state

during the Northeast (NE) transition. Our analysis tracks the phenomenon from this

transition point until the end of the seasonal cycle, focusing on the "Exit Path" toward

the Bay of Bengal and the "Receptor Site" in Sri Lanka.

3. The Cyclonic Variable (Mid-Year to January) While our primary focus is the

seasonal NE flow, we cannot ignore the Cyclonic Behavior that spans from mid-year

through early January. These systems act as the "wildcards" of the regional airshed.

We specifically examine how these depressions interrupt the standard transport,

either by "vacuuming" pollutants toward Sri Lanka prematurely or by providing

localised clearing (washout) before the next wave of transboundary influx.

The June Paradox – The SW Monsoon Doesn't
Always Clean

In June 2025, the Indian peninsula was split into
two entirely different atmospheric regimes.
While the SW Monsoon was active in the south
(Sri Lanka), the northern half was under a stable,
high-pollution "stagnation cap." [28, 29, 30]

Because standard models often under-predict concentrations, this study adopts a Direct
Observational Method. By correlating real-time ground peaks with 850 hPa synoptic wind
patterns, we can distinguish between the 'Local Pulse' and the 'Transboundary Surge.' This
allows for a more accurate assessment of the 'Invisible Import' than current numerical
models, which Nasir et al. (2024) identify as having a significant underestimation bias.
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The NE Monsoon 
VENTILATION VOLUME AND EXTERNAL LOADING

02
The air quality crisis in Colombo during the Northeast Monsoon (NEM) is a function of

a reduced Ventilation Volume meeting a high-velocity External Loading of pollutants.

During this season, the atmosphere undergoes a predictable physical transformation

that maximises the toxicity of both local and imported emissions.

2.1 The Seasonal Compression of the Mixing Layer
The Planetary Boundary Layer (PBL), specifically the Mixing Layer, represents the

vertical extent of the atmosphere where surface pollutants are diluted by turbulence.

During the NEM, this layer experiences significant vertical compression:

The Energy Threshold for Convective Growth: The growth of the mixing layer is

driven by Sensible Heat Flux—the transfer of thermal energy from the ground to

the air. In Colombo, high solar radiation (above 750 W/m  is required to expand

this layer to a healthy height of 2,000m.

2

The NEM Ventilation Deficit: During the monsoon, continental air masses and

seasonal cloud cover frequently limit insolation to below 250 W/m , restricting the

daytime mixing height to an average of just 800–1,000m.

2

The Nocturnal Inversion Lid: At night, clear skies during the NEM facilitate rapid

Radiative Cooling, creating a stable Temperature Inversion. If surface winds stay

below the mechanical turbulence threshold of 5m/s, the mixing layer collapses to

a shallow 100–300m trap. [20, 21, 27].

2.2 The 850 hPa Synoptic Transport Channel
While the local mixing layer is compressed, the NEM synoptic wind field establishes a

high-velocity "conveyor belt" at the 850 hPa pressure level (~1,500m altitude).

High-Altitude Loading: This channel allows transboundary aerosols from the

Indo-Gangetic Plain to bypass surface-level friction and terrain, entering Sri

Lankan airspace as a dense, high-altitude plume.

The Stratified Reservoir: Because this channel typically sits above the nocturnal

inversion lid, it forms a hidden reservoir of imported PM2.5 that remains physically

separated from ground-level sensors until daybreak.[22,23,24,32,34]
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2.3 Compounding Effects: Fumigation and Aerosol-Radiation Feedback
The transition from night to day triggers a process that "injects" the transboundary

reservoir into the city’s breathing zone.

The Fumigation Effect: As the sun rises and the mixing layer expands, it

eventually "entrains" (pulls down) the 850 hPa transport plume. This sudden

downward mixing, known as Fumigation, explains the severe PM2.5 spikes

observed in Colombo during mid-morning hours.

The Local Multiplier (Aerosol-PBL Feedback): The presence of these aerosols

creates a secondary "Surface Dimming" effect. By blocking solar radiation, the

plume reduces ground heating, which further suppresses the growth of the mixing

layer.

The Result: This feedback loop results in a 75% reduction in the volume of air

available for dilution compared to the Southwest Monsoon. Consequently, even

static levels of local emissions (e.g., from Colombo traffic) result in exponentially

higher concentration readings because the atmospheric ventilation has been

fundamentally compromised [25, 26, 27].

Tue 13 Wed 14 Thu 15 Sat 17

Plume Movement from Jan 13-17, 2026 Chemical Transport Model (CTM)

PM2.5 Levels Measured At Battaramulla, CEA (µg/m )3

"CTM signals often
show a temporal 
lead compared to
sensor readings; this is
a known atmospheric
phenomenon caused
by the time required
for transboundary
plumes to mix
downward from the
transport altitude to
the surface."

The white lines indicate
wind direction at the 850
hPa level. Although this
layer is the primary channel
for plume movement, the
plume's current structure is
influenced by historical
wind patterns, with real-
time winds actively
reshaping its distribution.
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Chemical Fingerprint
DISTINGUISHING LOCAL VS.  TRANSBOUNDARY SOURCES

03
While the 850 hPa transport channel (discussed in Chapter 2) explains how the

pollution arrives, chemical speciation of PM2.5 provides evidence of what it is. By

analysing the ratio of Organic Carbon (OC) to Black Carbon (BC), we can identify the

source of the plume.

3.1 The OC/BC Ratio as a Source Diagnostic
Different combustion sources produce unique ratios of carbonaceous aerosols. These

ratios act as a "signature" for the air mass:

Local Fossil Fuel Signature (Traffic/Industry): Characterised by a Low OC/BC Ratio

(typically < 2.0). Diesel engines and industrial furnaces emit high amounts of Black

Carbon (soot).

Transboundary Biomass Signature (Crop Residue Burning/Peat Fires):

Characterised by a High OC/BC Ratio (typically > 4.0). Open burning of agricultural

waste in the Indo-Gangetic Plain produces massive amounts of Organic Carbon

relative to Black Carbon.

3.2 Seasonal Shifts in Colombo’s Chemical Profile
Long-term monitoring in Colombo shows a distinct chemical shift during the

Northeast Monsoon (NEM):

Non-NEM Period (May–September): The OC/BC ratio remains stable at 1.5–2.2,

reflecting the dominance of local vehicular emissions.

NEM Peak (December–January): During transboundary events, the ratio frequently

spikes above 5.0. This shift occurs simultaneously with the arrival of the 850 hPa

plume, confirming that the additional PM2.5 mass is not from local traffic, but

from regional biomass combustion [8, 22].
3.3 Secondary Organic Aerosols (SOA) and the "Ageing" Plume
The chemical signature is further validated by the presence of Secondary Organic

Aerosols (SOA).

The Ageing Process: As the plume travels from Northern India/Bay of Bengal to

Sri Lanka, chemical reactions in the atmosphere convert volatile gases into

particles.

Indicator: A high proportion of Water-Soluble Organic Carbon (WSOC) is a primary

indicator of an "aged" plume. Local smoke is "fresh" and has lower WSOC content.

Our detection of high WSOC during NEM spikes is a "smoking gun" for long-range

transport.[22]
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"Marine Facilitator"
THE TRANSPORT PATHWAY AND THE 

04
The transit of the plume across the Bay of Bengal is a phase of preservation rather

than dispersion. The marine environment acts as a Low-Drag Facilitator that

maintains the Aerosol Optical Depth (AOD) and chemical potency of the plume over

transoceanic distances.

4.1 Laminar Flow and Reduced Dry Deposition
Over terrestrial surfaces, physical obstacles (canopies, urban topography, and

orographic features) create mechanical turbulence and "surface roughness." This

promotes Dry Deposition, where particles are filtered out by hitting objects.

The Marine Surface: The Bay of Bengal provides a flat, aerodynamically "smooth"

surface. This allows the plume to travel in a Laminar Flow within the 850 hPa

channel.

Preservation of Density: With minimal friction to trigger vertical mixing or

deposition, the plume maintains its high particulate density and structural

integrity until it reaches the Sri Lankan coastline [7].

4.2 The "Andaman Filter" vs. The "IGP Conveyor"
Meteorological analysis identifies two distinct pathways with varying impacts on Sri

Lankan air quality:

The IGP Conveyor (Primary Hazard): Air masses originating from the Indo-Gangetic

Plain follow a direct trajectory along the East Coast of India. This path is

characterised by lower relative humidity, which prevents hygroscopic growth

(particles getting heavy with water and falling). This plume arrives "chemically

potent," with high concentrations of Black Carbon and Sulfates.

The Andaman Filter (The Natural Washout): Occasionally, wind patterns shift to

bring air from East Asia via the Andaman Sea. However, the higher humidity and

convective activity in this deep tropical belt facilitate Wet Scavenging (pollution

washed out by rain). By the time these air masses reach the 850 hPa level over Sri

Lanka, the particulate load has been significantly depleted, making the IGP

Conveyor the decisive factor in Colombo's peak pollution events [28].
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Plume depletion from Nov 14-18, 2025 Chemical Transport Model (CTM)

PM2.5 Levels Measured At Battaramulla, CEA (µg/m )3

Fri 14 Sun 16 Tue 18

Surface readings
only begin to drop
once mechanical
turbulence (surface
winds >5 m/s or
solar heating
(daytime convection)
breaks the inversion
and allows the clean
air from the 850 hPa
level to "flush out"
the surface layer. 
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Air quality in Sri Lanka is fundamentally governed by the Northeast Monsoon (NEM),

but its severity is dictated by cyclonic disturbances in the North Indian Ocean. An

investigation of 70 depressions and cyclonic systems (Jan 2020 – Jan 2026) reveals

that these systems do not have a uniform impact. Instead, they act as the primary

regulators—either intensifying or alleviating the transboundary plume.

5.1 The Prerequisite: Monsoonal Connectivity
The study established that cyclonic activity only significantly impacts PM2.5 when the

Northeast Monsoon is active or when the maritime transport channel has been pre-

established.

Without this "background pipe," most systems result in no significant change to

the island's air quality, except for the Amphan Super Cyclonic Storm in 2020. Also,

the 2022 Asani Severe Cyclonic Storm contributed a smaller peak due to its

placement and as indian plum was close by in that May.

This highlights that a cyclone is not a generator of pollution, but a mechanism of

redistribution.

5.2 The Triple-Action of Cyclonic Influence
When a system does impact the region (the remaining 30%), it follows one of three

mechanical paths:

I. The Pump (The Loading Phase)
In this mode, the cyclone acts as a synoptic accelerator.

Velocity Forcing: It steepens the pressure gradient, "vacuuming" the continental

reservoir at speeds far exceeding standard monsoon flow.

Catchment Expansion: The cyclonic rotation expands the source area, pulling air

not just from the North but also from industrial corridors that the standard NEM

flow might otherwise bypass.[33,34]

Cyclonic Influence 
2020–2026 ANALYSIS :  PATTERNS OF 
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II. The Scrubber (The Cleansing Phase)
Cyclones often act as the region’s most effective air-pollution control devices.

Channel Breaking: Turbulence breaks the stability of the 850 hPa "pipe,"

dispersing the concentrated stream of pollutants.

Total Plume Dissipation: High-intensity systems reaching the continent can

trigger mass-scavenging, where heavy precipitation and vertical mixing wash the

air at the source, potentially clearing the Indian peninsula’s aerosol load for several

days.

Local Cleaning: It clears the immediate local air, often bringing PM2.5 levels down

to near-zero (maritime baseline). [35, 36]

III. The Shield (The Diversion Phase)
A system’s location can physically prevent the plume from reaching Sri Lanka.

Maritime Suction: By creating a low-pressure centre in specific sectors, a system

can "suck" clean, moisture-laden maritime air over the island, effectively shielding

it from the continental plume.

The Siphon Effect: Systems in the Arabian Sea can act as a "competing vacuum,"

siphoning the Indian reservoir westward and starving the Bay of Bengal transport

channel of its pollutant load.

5.3 Summary of Findings
The 70-system analysis proves that the relationship between cyclones and PM2.5 is a

Zero-Sum Game. While a system may create a hazardous peak (The Pump), it often

provides the mechanical energy required to eventually clear the region (The

Scrubber). The final impact is determined by a delicate balance of position, timing,

and sequence.
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Mechanics, Interception, and Phase-Shifts
The 70-system longitudinal study (2020–2026) demonstrates that a cyclone’s impact

on Sri Lankan air quality is not a static occurrence. Instead, it is a dynamic result of

five interacting mechanical variables. While local atmospheric conditions play a role,

the system’s path and its regional location are the dominating factors that dictate

whether a storm acts as a cleanser or a conveyor of pollution.

6.1 The Governing Mechanics of System Location
The mechanical behaviour of a system is primarily governed by its geographical

"footprint" and its movement relative to the Indo-Gangetic Plain (IGP) plume and the

Sri Lankan landmass.

1. Proximity Dynamics: The Multi-Phase Processor
Systems in proximity to Sri Lanka exhibit a complex, multi-phase behaviour. Unlike

distant storms, these systems engage both the "Pump" and the "Scrubber"

mechanisms in rapid succession. As the system approaches, the outer bands initiate a

phase of hazardous accumulation; however, as the core nears the coast, land-induced

precipitation triggers a scrubbing phase, leading to the "Double Peak" signature

characteristic of direct-impact systems.

The mechanical influence of a cyclone is divided into two distinct zones:

The Outer Band (The Suction/Push Zone): High-velocity winds that act as the

Pump. This zone pulls the Indian plume into the island's atmosphere.

The Eye & Inner Core (The Scrubbing Zone): The region of intense vertical

convection and heavy precipitation. This zone acts as the Scrubber.

Synoptic Processing
THE DYNAMICS OF

06

2025-11-27 17:30 Cyclone Ditwah

The Scrubbing zone over land(blue), while outer
bands pull the Indian Plume.
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Mechanical Scenarios based on Proximity

Scenario A: The "Close Proximity Start" (The Ditwah/Fengal Effect)
If a system originates very close to Sri Lanka:

Phase 1 (Origin): The inner core immediately covers the island. Scrubbing

begins instantly. Even though the system is "sucking" the plume from India,

the local air is washed by precipitation.

Phase 2 (Departure): As the system moves away (toward India or the North),

the "Scrubber" (the Eye) leaves the island, but the "Pump" (the trailing outer

bands) remains active.

Result: A Delayed Peak. Sri Lanka stays clean while the storm is "on top" of

us, but hits a hazardous peak only after the storm starts to leave.

delivering the plume.

Cyclone Ditwah: Between  2025-11-27 to 2012-12-01

PM2.5 Levels Measured At Battaramulla, CEA (µg/m )3

Wed 26 Thu 27 Sun 30 Mon 01
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Scenario B: The "Edge-Only" Pass (The Single Peak)
If the Eye remains distant but the Outer Bands sweep over Sri Lanka:

Mechanism: The "Scrubber" never reaches the island. Only the "Pump" (the

edge) interacts with us.

Result: A Single, Sustained Peak. There is no rain to clear the air, only high-

speed wind delivering the plume.

Fri 9Tue 6 Wed 7 Thu 8

Cyclone Mandous: Between  2022-12-06 to 2022-12-09

Cyclone Fengal: Between  2024-11-25 to 2024-11-30

Mon 25 Sat 30Thu 28Wed 27

PM2.5 Levels Measured At Battaramulla, CEA (µg/m )3
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Cyclone Nivar: Between  2020-11-23 to 2020-11-25

Sun 23 Mon 24 Tue 25

Scenario C: The "Approaching Pump" (The Double Peak)
If a storm starts far away, approaches, and then passes over:

Phase 1 (Approach): The outer bands hit first. Peak 1 occurs (The Pump).

Phase 2 (Passage): The Eye/Core moves over. PM2.5 drops to near zero (The

Scrubber).

Phase 3 (Departure): The trailing bands pull a fresh wave of the plume. Peak 2

occurs.

Result: The classic "Double Peak" signature.

The Theory vs. Reality of the "Double Peak"
While a system passing directly over the island theoretically creates a symmetrical

"Double Peak" (Pump → Scrub → Pump), our longitudinal study shows that this

specific signature is exceptionally rare in ground observations.

Why the Classical Model Fails in Reality: Temporal and Synoptic Interference
1. System-Induced Depletion (The "Long Event" Factor): While the Indian

reservoir is continuous, the local transport channel can experience a temporary

depletion. If a prior system has recently cleared the path, or if a concurrent system

(like an Arabian Siphon) has been active for days, the "slug" of pollution available

for the trailing bands to pull in Phase 3 is significantly reduced. The total time

elapsed across multiple phases allows for too many "interruptions" to the supply

line.

2. Unpredictable Land Interaction: Depressions often lose their structural symmetry

the moment they hit land. As the system moves over the subcontinent, the "Eye"

often dissipates or shifts, and surface friction weakens the trailing bands. This

often kills the second "Pump" (Phase 3) before it can ever manifest as a peak on

the ground.

3. The "Pre-Scrubbing" Mask: In many cases, the high-intensity rainfall (The

Scrubber) begins much earlier than the classical model suggests—sometimes even

before the center reaches land. This "early activation" swallows the first peak,

turning a "Double Peak" into a "Delayed Single Peak."

14 



4. Synoptic Interference (The Probability of Interruption): Because a full 3-phase

passage takes several days, the probability of a change in the Bigger Picture

(Variable 4) becomes higher. A new low-pressure area forming in the North or a

shift in the Arabian Sea will likely "break the channel" before the storm can

complete its theoretical cycle.

Research Conclusion: The "Double Peak" should be viewed as a theoretical limit
rather than a standard predictive expectation. In the 70-system analysis, the
atmosphere is far too dynamic to remain "undisturbed" for the length of time
required to complete all three phases perfectly.

2. The Mid-Channel Logic: Accelerator vs. Disruptor
When a system crosses the mid-region of the Bay of Bengal transport channel, it acts

as the primary "Gear" of the Northeast Monsoon.

Acceleration: Initially, it speeds up the delivery of the Indian plume toward the

island.

Disruption: As the system intensifies, it eventually breaks the channel, pulling the

plume into its own internal circulation and severing the direct flow to Sri Lanka.

Cyclone Sitrang: Between  2022-10-22 to 2022-10-25

Depression BOB8: Between  2022-11-20 to 2022-11-26

Sat 22 Sun 23 Mon 24 Tue 25

Sun 20 Tue 22 Thu 24 Sat 26
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3. Northern Interruption: The Upstream Hijack
Systems reaching the North of the Bay of Bengal act as total Disruptors. By

positioning themselves "upstream" of the Sri Lankan transport line, they hijack the

Indian plume at its source. This effectively starves the southern channel, creating a

"Clean Window" for the island despite the presence of a severe storm in the region.

But rarely could these move the Indian Plume to the West Coast, making it easier to

reach through the usual NEM channel (eg: 2020 BOB 03)

Tue 22 Wed 23 Thu 24 Sat 26

Cyclone Dana: Between  2024-10-22 to 2024-10-26

Cyclone Midhili: Between  2023-11-15 to 2023-11-18

Wed 15 Thu 16 Fri 17 Sat 18
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4. The Arabian Siphon: The Safety Valve
The presence of low-pressure zones or cyclones near the West Coast of India and the

Arabian Sea can "starve" the Sri Lankan channel before a Bay of Bengal storm even

arrives. These systems disrupt the regular NEM flow by siphoning the plume

westward, away from the peninsula. This regional "Tug-of-War" can preemptively clear

the air over Sri Lanka, as seen in the pre-arrival phase of Cyclone Ditwah (2025).

2024 ARB 01 OCT 13
Sucks the Plume Out.

Before Cyclone Ditwah, Low
pressure Zone in the Arabian
Sea Starve the Plume 201

2020 Nov 19 Cyclone Gati
brings the best days of
the Season 
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5. Surface Interaction: Loaders, Scrubbers, and Dispersers
The physical medium over which a system exists changes its mechanical output:

Mid-Sea (The Loader): Acts as a "Dry Vacuum," collecting and concentrating aerosols

in the maritime boundary layer without significant clearance.

While a cyclone like Mandous is over the open ocean, it can maintain a massive

internal load of aerosols without significant clearance.

Aerosol Entrainment: The system "sucks" the IGP plume into its circulation.

Because the system is over water, the vertical convection may not be strong

enough to trigger the massive, sustained "Washout" needed to clear the air.

The Dust Cloud: In the case of Mandous, the system was effectively a floating

reservoir of dust and smoke. It moved across the Bay of Bengal as a concentrated

"plug" of pollution rather than a rain-maker.

On-Land (The Scrubber): Land interaction activates frictional convergence and

heavy rain, triggering the "Washout" of pollutants.

Subcontinent (The Disperser): When a system moves over the Indian landmass, it

acts as a massive disperser, breaking up the concentrated IGP reservoir and

altering the density of the plume before it enters the transport pipe.

Cyclone AmphanCyclone NivarCyclone Mandous

Cyclone Mandous

Cyclone Amphan

Cyclone Nivar

Cyclone Midhili

Cyclone Dwitwah

Cyclone Dana
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This chapter extends beyond individual storm events to analyse the temporal

behaviour of the transport channel based on six consecutive Northeast Monsoon

(NEM) seasons. By observing every system over six years, we can quantify the speed,

the stagnation, and the "Rebound" mechanics of the South Asian plume.

7.1 Channel Velocity and the "Lead-Time" Constant
Across 6 seasons, we have mapped the standard speed of the "Pipe" to establish a

predictive lead time.

Laminar Flow Speed: In the absence of cyclones, the plume travels at an average

of 18–22 km/h. This means 4 to 5 days to travel the pipeline. [37] 

The 24-Hour Rule: A plume crossing the latitude of Chennai/Pondicherry typically

reaches the Jaffna peninsula in 8–10 hours and the Western Province (Colombo) in

20–24 hours.[39]

The Cyclonic Accelerator: When a system is in the "Mid-Bay Accelerator" phase,

this velocity increases to 45 km/h or higher, effectively halving the travel time.[38]

7.2 The "Refilling" Constant: Generation and Transport Latency
The event between November 1 and November 10, 2025, serves as the definitive

baseline for how long it takes the South Asian "Pollution Pipe" to restart after a total

synoptic clearance.
I. The Total Reset (Nov 1, 2025)

The Mechanic: The combined action of ARB 03 (Arabian Sea) and Cyclone Montha

(Bay of Bengal) acted as a "Dual Vacuum."

The Result: The entire Indian Peninsula plume was "sucked clean." Only a small

remnant remained in the far Northwestern end (New Delhi/Punjab).

The Baseline: This created a rare "Zero State" for the transport channel.
II. The Refilling Velocity (Nov 1 – Nov 3)

Observation: By November 3, the Indo-Gangetic Plain (IGP) was already "filled

again."

The Mechanic: This defines the refilling Rate. It takes approximately 48 to 72 hours

for the industrial and agricultural activity with the incoming winds of the IGP to

saturate the local boundary layer once the "Scrubbers" stop.

There is much evidence over the past 6 years to conclude the reservoir is

"Inexhaustible." Even a massive storm reset only provides a 3-day window of clean

air at the source.

Temporal Dynamics
PLUME CHANNEL

07
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III. The Transport Velocity (Nov 3 – Nov 09)
Observation: The plume required 6 days (Nov 3 to Nov 09) to travel from the IGP

"Source" to the Sri Lankan "Receiver," peaking at 130µg/m³ PM2.5. This took a

slightly longer path; speeds are aligned with the values mentioned in previous

section.

2025 Nov 01 2025 Nov 03 2025 Nov 09

7.3 Regional Compass Logic: Continental vs. Maritime Flow
The 6-season study reveals that the wind’s bearing is the primary filter for air quality.

Even without a constant plume feed, the source region of the wind dictates the

baseline concentration of pollutants.

When surface winds blow from the North/Northeast, they follow a Continental

Path. Even if the main IGP plume is far away, these winds are capable of reaching

80–100µg/m³ PM2.5, with the local pollutant contribution.

Winds from the East travel over the open Andaman Sea. This flow bypasses the

Indian landmass entirely, acting as a Clean Air Wedge that physically displaces the

continental plume. Under this flow, PM2.5 levels consistently drop below 70µg/m³.

7.4 Vertical Mechanics: The "Lid" on the Atmosphere
The "Hazardous" readings recorded over 6 seasons are not just a result of how much

pollution arrives, but how much space it has to occupy. During the Northeast

Monsoon (NEM), the atmosphere inherits specific thermal traits that act as a vertical

trap.

Low Planetary Boundary Layer (PBL): The NEM brings cool, dense air from the

north. Unlike the warm Southwest Monsoon, this air does not rise. This results in a

compressed PBL (often <500m), meaning pollutants are packed into a much

smaller volume of air near the surface.
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The Subsidence Inversion: A "warm lid" often forms above the cool NEM surface

winds. This Temperature Inversion prevents vertical mixing.

The Result: Pollutants are trapped in a "tunnel" between the ground and the

inversion layer. This explains why high PM2.5 is often observed even under clear

skies.

7.5 The "Scrubbing vs. Venting" Distinction
The study clarifies that air quality improves in two distinct ways, and one must

distinguish between them:

1. Mechanical Scrubbing (Rain): High-intensity precipitation physically "washes" the

particles out of the air. This is a fast, temporary reset. Some areas as Colombo is in

the Rainshadow of NEM.

2. Thermal Venting (Andaman Flow): Air from the Andaman Sea is warmer and

more humid. This warmth destabilises the inversion layer, "opening the lid" and

allowing trapped pollutants to rise and disperse. This is a structural improvement

in air quality that can last for days, even without rain.

7.6 The Ographic Backstop: Central Hills and the Colombo Stagnation Zone
The Central Hills of Sri Lanka play a dual role in the mechanics of the "Pollution Pipe."

They act as both a physical barrier to wind flow and a thermal cooling agent that

reinforces the "Lid" over the Western Province.
I. The Physical Blockade (Wind Slow-down)
As the Northeast Monsoon (NEM) carries the plume across the island from the North

and Northeast, it encounters the high elevations of the Central Massif.

The Mechanic: The mountains act as a "Dam." The low-level winds (the Pipe) are

forced to slow down as they approach this barrier.

The Result: This creates a Back-pressure Effect. The pollutants coming from India

don't just "pass through" Colombo; they "pile up" against the hills. Colombo,

situated on the leeward side of the main NEM flow but in the path of the diverted

coastal stream, becomes a reservoir for these slowed-down particles.

II. The Orographic Cooling (Reinforcing the Inversion)
The hills further modify the air through Orographic Cooling.

The Mechanic: As air interacts with the mountains, it often triggers localised rain

or is cooled by the high-altitude terrain. This cooled air, being denser, sinks back

toward the lowlands.

The Result: This "Mountain Drainage" of cool air flows toward the Western coastal

plains. This reinforces the Temperature Inversion discussed previously. It adds a

fresh layer of cool air underneath the pollution plume, effectively "glueing" the

PM2.5 to the surface.

The Colombo Trap: Colombo is caught in the "Mechanical Squeeze"—the

mountains slow the wind down from the East, while the cooling air from the hills

locks the pollution in from above.
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PM2.5 Levels Measured At
Battaramulla, CEA (µg/m )

-2025 Nov
3

2025 Nov 17 Indian Plume is

not near. But PM2.5 is

considerably high.

2020 Nov 07 - Indian Plume & surface wind pattern. US Embassy PM2.5 Reading was 85µg/m³

2021 Jan 07 - Indian Plume

not reached. US Embassy

PM2.5 Reading was 84µg/m³
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While Chapter 7 focused on the linear transport of the "Northeast Pipe," the 6-season

study identified a more complex, non-linear phenomenon: the creation of a Near-

Field Holding Zone. This explains why Sri Lanka often experiences sudden, hazardous

spikes that are disconnected from the immediate activity in North India.

8.1 The 850hPa Westward Deviation
The 850hPa level (approximately 1.5 km altitude) is the primary channel of long-range

aerosol transport. However, this channel does not always run in a straight line.

The Atmospheric Detour: Under certain synoptic conditions, the 850hPa channel

turns westward several hundred kilometres north of Sri Lanka.

The Momentum Trap: Aerosol plumes have physical mass. When the wind makes

a sharp turn, the "heavier" air mass experiences Inertial Lag. Combined with the

surface roughness of the Indian peninsula, the plume decelerates at the bend.

The Bottleneck Effect: This causes the pollution to "bunch up" or pile up. Instead of

a flowing stream, the plume becomes a parked mass of concentrated PM2.5 situated

over the Southern tip of India or the Palk Strait.

8.2 The "False Positive" and Vertical Disconnect
This phenomenon is particularly dangerous because it creates a disjointed reality at

the surface:

1. Surface Level: Sri Lanka may experience clean, maritime winds (Andaman flow),

leading to "Moderate" AQI readings.

2. Upper Level (850hPa): A "Secondary Reservoir" of hazardous pollutants is silently

loading just 200–500 km away.

This is a Hidden Threat Phase. The pollution is no longer 2,000 km away in the IGP; it

is "at the doorstep," held back only by the temporary westward curve of the wind

channel.

"Secondary Reservoir" 
PLUME CHANNEL

08
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8.3 The "Snap-Back" Surge (The Dam-Burst)
The most critical phase occurs when the regional pressure gradient realigns and the

westward bend disappears, restoring the direct North-to-South flow.

The Mechanical Flush: As the 850hPa "Pipe" straightens, it acts like a dam

breaking. It flushes the pre-concentrated Secondary Reservoir directly over Sri

Lanka.

The Rapid Rise: Because the reservoir is so close and the pollutants are already

concentrated, the arrival is not a gradual curve. It is a violent surge. PM2.5 can jump

from 50µg/m³ to 150+ µg/m³ in a short period. e.g.: 2025 Dec 18 - 21 jump was 28µg/m³

to 157µg/m³.

8.5 The Vertical Entrainment: The "Constant Leak" Mechanism
Beyond the "Snap-Back" surge, the Secondary Reservoir can create a prolonged

pollution event through a process of Vertical Entrainment. This occurs when the high-

level reservoir remains stationary, but the surface winds create a bridge to the

ground.

2025-12-18 2025-12-19 2025-12-20
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This chapter details the analytical approach used to derive the findings of this report.

It prioritizes Direct Sensory Data and identifies the limitations of traditional

simulation-based modelling in the specific context of the Sri Lankan atmosphere.

9.1 The Limitations of Trajectory-Based Concentration Estimates
Standard trajectory analysis (e.g., HYSPLIT) is a mathematical tool for tracing the path

of air parcels. However, as an instrument for calculating specific PM2.5 contributions,

it faces significant "Real-World" gaps:

The Volumetric Fallacy: Models often operate on a generalised vertical mixing

height. They do not account for the Volumetric Compression identified in this

study, where the same mass of pollutants results in a much higher ground-level

concentration due to the unique "Lid" effect of the Northeast Monsoon (NEM).

Topographical Smoothing: Most global models lack the resolution to factor in

the Central Hills. They treat the land as a flat surface, missing the "Backstop" effect

that causes air to pool and stagnate over the Western Province.

Momentum and Inertia: Standard trajectories treat pollutants as weightless

points. They fail to capture the Inertial Pile-up that occurs when the 850hPa wind

channel bends, creating the "Secondary Reservoirs" discussed in Chapter 8.

The Chemical Transformation Gap (The "Ageing" Plume): Standard trajectory

models often treat PM2.5 as a "static" particle, a simple piece of dust moving from

Point A to Point B. However, many studies highlight that the atmosphere is a giant

chemical reactor.

Secondary Aerosol Formation: During the long-distance transport from the IGP

across the Bay of Bengal, precursor gases (Such as SO  and NO ) undergo chemical

reactions in the presence of sunlight and high humidity. This creates new,

secondary PM2.5 mid-flight.

2 X

The "Growth" of the Plume: A model that only counts the "primary" smoke

particles from the source will significantly underestimate the concentration that

eventually hits Sri Lanka. The plume "grows" as it ages.

The Black Box Reality: Ground sensors capture the total mass, including these

secondary chemical products. A trajectory model that doesn't account for this

mid-air chemistry will produce a "cleaner" result than the actual air people are

breathing.

Empirical Reality
THE THEORETICAL MODELING VS.  
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9.2 Qualitative vs. Quantitative Use of CTM
In this methodology, Chemical Transport Models (CTM) are utilised as Qualitative

Diagnostic Tools rather than quantitative truth.

Identifying Behaviour: CTM is used solely to visualise the shape and movement of

the plume (e.g., detecting a "Westward Bend" or a "Mid-Bay Accelerator").

Rejecting Numerical Output: The study intentionally avoids using CTM-generated

concentration values to define "local" vs "transboundary" splits. This is because the

models consistently underestimate the "Multiplier Effect" of local stagnation and

mountain-induced cooling.

9.3 Sensory-First Validation (The "Ground Truth")
The core of this report is built on a Sensory-First approach. By using actual PM2.5

readings from a high-density network over 6 seasons, the methodology ensures that

the results reflect the Total Mechanical Reality.

Pattern Recognition: Instead of starting with a wind model, the study starts with

a Measured Spike at the ground level. We then work backwards (Inverse Analysis)

to identify the specific 850hPa patterns or "Snap-Back" events that caused it.

The "Zero Baseline" Reality: By monitoring periods where the transboundary

plume was physically absent (as confirmed by satellite AOD), ground sensors

allowed us to observe the Propensity for Highs (80–100 PM2.5) caused by local

emissions being trapped in a "Shrinking Box."

Validation of the "Snap-Back": High-frequency sensory data provided the proof

for the suddenness of the "Snap-Back" surge, where concentrations jump faster

than a 2,000 km trajectory would suggest.
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Air pollution is often viewed as a singular health concern. However, much like a

keystone in an arch, air pollution sits at the centre of multiple overlapping crises;

addressing it provides disproportionate, cascading benefits to health, climate, and

ecological resilience.

10.1 Health Impacts: The Biological Breach
Elevated PM2.5 levels in Sri Lankan cities like Colombo, Kandy, and Jaffna drive

significant health risks, particularly for the respiratory and cardiovascular systems.

Short-term spikes exacerbate acute symptoms, while chronic exposure contributes to

excess mortality.

Respiratory Impacts: PM2.5 penetrates deep into the lungs, triggering asthma

attacks, bronchitis, and COPD. In Kandy and Colombo, hospitalisations show a

direct correlation with monsoon peaks. Children are particularly vulnerable,

experiencing reduced lung function and higher rhinitis rates.

Cardiovascular Effects: Particles inflame blood vessels, raising the risk of heart

attacks and strokes. Data from 2019 attributes 11–13% of PM2.5-related deaths to

these conditions.

Statistical Burden: In Sri Lanka, PM2.5 causes 33 deaths per 100,000 annually. This

burden is split between COPD (13%), stroke (12%), lung cancer (12%), diabetes (11%),

and infections (10%), with northern cities like Jaffna reporting the highest burdens.

[41,43,44]

10.2 The "Cigarette Equivalent" of Air Pollution
To help the public and policymakers grasp the severity of the "Black Box" data, we

utilise the Berkeley Earth metric: 22 μg/m³ of PM2.5 over 24 hours is approximately

equivalent to smoking one cigarette.

The NEM Spike: While an annual average of 30–50 μg/m³ equates to 1.4–2.3

cigarettes per day, the Northeast Monsoon spikes (100–200+ μg/m³) yield an

impact of 4.5 to 9 cigarettes daily.

Acute Haze Events: On high-haze days in Jaffna or Colombo, the continuous

inhalation of polluted air can mimic the health risk of smoking 20–50 cigarettes in

a single 24-hour period.

Involuntary Exposure: Unlike smoking, which is intermittent and voluntary, air

pollution exposure is continuous and affects all residents, including children and

the elderly, regardless of their personal health choices.[45]

Keystone Crisis
FROM BIOLOGICAL IMPACT TO
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10.3 Air Pollution as a Keystone Problem
Air pollution qualifies as a keystone environmental problem because it triggers

cascading effects that amplify other crises. In Sri Lanka, the transboundary spikes

identified in this study are not isolated events; they are drivers of broader

environmental decay.

The Ecological Cascade: Beyond human health, air pollution fundamentally alters

Earth’s life-support systems. When nitrogen and sulfur oxides from industrial and

transboundary sources deposit into soil and water, they cause acidification and

eutrophication.

Decimation of Biodiversity: These chemical shifts decimate aquatic life and

weaken forest resilience. On a biological level, ground-level ozone and particulate

matter physically coat leaves and inhibit photosynthesis. This reduces the "carbon

sink" capacity of our forests and decreases crop yields, linking air quality directly to

national food security.[40]

10.4 The Cyclone-Pollution Feedback Loop
The "Keystone" nature of air pollution is most visible during extreme weather. High

aerosol loads do not just exist alongside cyclones; they worsen their aftermath.

The Ditwah Precedent (2025): Following Cyclone Ditwah, the interaction

between storm surges and deposited toxic aerosols fueled massive algal blooms

and fishery collapses. This demonstrates that air pollution amplifies the

destruction of climate-driven disasters, making "clean air" a pillar of disaster

resilience.

Amplified Vulnerability: Addressing air pollution yields disproportionate benefits,

such as reduced cyclone-enhanced pollution transport and improved recovery

rates for coastal ecosystems.[42]

10.4 The "Scrubbing Fallacy": Pollution Displacement
A common misconception is that heavy monsoon rains or cyclones "clean" the

environment. The evidence from the 6-season study and the aftermath of Cyclone

Ditwah proves that precipitation is not a solution, but a Phase Shift.

Atmospheric Scrubbing: Raindrops collide with PM2.5 and absorb precursor

gases (SO , NOx) through a process called wet deposition. While this reduces the

AQI, it creates a highly concentrated toxic runoff.
2

The "Ditwah" Effect: During Cyclone Ditwah, the pollutants that had been

"parked" in the atmospheric reservoirs were scrubbed out and dumped into Sri

Lanka’s coastal wetlands and lagoons. This sudden "Toxic Pulse" led to:

Acidification Spikes: A rapid drop in the pH of freshwater bodies.

Nutrient Overload: Contributing to the fishery collapses and algal blooms noted

in the 2025 coastal reports.

The Reality: Scrubbing merely changes the "delivery address" of the pollution,

moving the threat from the Lungs of the urban population to the Food Chain of

the rural and coastal communities.
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While Sri Lanka’s topography and local emissions create a "Trap," the magnitude of

the North East Monsoon (NEM) events is driven by the massive industrial and

agricultural output of the Indian subcontinent.

11.1 The Source Profile: Industrial and Agricultural Drivers
Air pollution in India is a concentrated crisis, primarily emerging from the Indo-

Gangetic Plains (IGP), the National Capital Region (NCR), and the industrial corridors

of Tamil Nadu.

Sectoral Contribution: Industrial activities account for 51% of India's emissions,

followed by vehicles (27%) and crop residue burning (17%).

The Crop Burning Spike: Every October and November, India burns 92–110 million

tonnes of crop residue annually. Punjab and Haryana alone contribute 23 million

tonnes from rice stubble.

The Toxic Output: This seasonal burning releases 1.2 million tonnes of PM2.5 and 91

million tonnes of CO2 equivalents. By April and May, a second wave of wheat

residue burning in central India (Madhya Pradesh and Maharashtra) spikes

emissions of NOx and VOCs.

11.2 The Southern Vector: Transport to Sri Lanka
Pollutants do not remain stationary. High-pressure ridges over northwest India act as

a "Bellows," pushing these particles southward.

The post-monsoon shift: October and November plumes travel from the north

through central India.

The NEM Connection: As the Northeast Monsoon flows are established, these

plumes are funnelled directly toward the Bay of Bengal and into the "NEM Pipe"

identified in Chapter 2.

2025 Benchmarks: In November 2025, Delhi’s PM2.5 peaked at 215 μg/m³, while

regional cities like Byrnihat averaged 100 μg/m³. These high starting

concentrations ensure that even after dilution across the sea, the air reaching Sri

Lanka remains hazardous.

Major Polluter
THE INDIAN SUBCONTINENTAL CONTEXT
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11.3 The "Ageing Plume": From Smoke to Chemical Cocktail
The journey from the Punjab heartland to the Jaffna peninsula takes approximately 3

to 5 days. During this transit, the plume undergoes a Chemical Ripening

(Transformation).

Secondary Organic Aerosols (SOA): The original black carbon from crop fires

reacts with the high humidity and UV radiation of the Bay of Bengal. This creates

"Secondary" particles that were not present at the source.

Toxicity Multiplication: Evidence suggests that this Atmospheric Aging increases

the Oxidative Potential of the particles.

The Biological Reality: By the time the plume reaches Sri Lanka, it is no longer

just "smoke." It has transformed into a highly reactive chemical mixture that is

more soluble in the bloodstream and more damaging to human lung tissue than

the fresh emissions found near the source.
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This study proves that while the "Northeast Pipe" (NEM) originates outside our

borders, the impact is managed or mismanaged within them. Sri Lanka’s path

forward must be one of Responsible Leadership, moving beyond passive observation

toward proactive regional engagement.

12.1 Internal Responsibility: The "Leadership by Example" Doctrine
To have a legitimate seat at the international table, Sri Lanka must first demonstrate a

rigorous commitment to reducing domestic emissions. We cannot effectively

negotiate regional protocols if our own urban centres remain unmanaged.
I. Target Sectors for Reduction

Transport: Aggressive transition to e-mobility and the enforcement of the Fuel

Quality Roadmap to reduce primary NOx and PM2.5 emissions.

Industrial Zones: Mandatory installation of continuous emission monitoring

systems (CEMS) in high-impact industrial parks (e.g., Kandy and Biyagama) to

prevent local "pockets" of pollution.

Waste Management: A national ban on open waste burning, supported by

municipal infrastructure for circular waste processing.

While the 2017 Gazette Notification No. 2034/36 officially prohibits open

burning, the "Black Box" data during the 2020-2026 study period confirms that

compliance is inconsistent.

Closing the Enforcement Gap: We must move from De Jure (legal) prohibition

to De Facto (actual) elimination by equipping local Pradeshiya Sabhas with the

Circular Infrastructure (sorting hubs, composting, and industrial recycling)

needed to make burning unnecessary.

II. The Need for Forensic Quantification
"Good intentions" are not a diplomatic currency. To hold regional neighbours

accountable for transboundary plumes, Sri Lanka must first properly quantify its own

progress using an integrated Monitoring, Reporting, and Verification (MRV)
framework.
The Domestic Emission Inventory - A "Data Mining" Approach: 
We must move beyond simple, real-time AQI readings to create a formal National

Emission Inventory. This does not require expensive new infrastructure, but rather the

strategic integration of data already held by relevant authorities.

 Responsibility
FROM DATA TO DIPLOMACY -  A ROADMAP FOR

12
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Industrial Exhaust Integration: Every industry operating under an environmental

license submits periodic stack-monitoring and compliance reports. By digitising

and centralising this data from all relevant authorities, we can track the annual

mass-reduction of PM2.5 and SOx from the industrial sector.

The VET "Gold Mine": The Vehicle Emission Testing (VET) database is our most

powerful underutilised asset. By comparing a vehicle's previous emission values

against its current readings, and factoring in the odometer (meter) reading, we

can calculate the actual distance-based pollution load of the national fleet.

The Performance Metric: This allows for definitive, evidence-based reporting: "By

verifying VET records and industrial compliance data, we can prove that Colombo

reduced its domestic vehicular PM2.5 output by YY% in year 202X."

Isolating the "Neighbour's Smoke"
This quantified domestic inventory serves as a Forensic Baseline. By subtracting our

verified domestic output from the total mass recorded by our "Black Box" sensors, we

can isolate the exact volume of transboundary pollution.

Unshakeable Diplomacy: This data provides the "hard evidence" required to

eliminate the "counter-blame" defence. Our diplomats can state with

mathematical certainty: "Our internal emissions are verified to be down by X%;

therefore, the current hazardous spike is 100% transboundary."

Leading by Example: Demonstrating this level of transparency gives Sri Lanka the

moral and scientific authority to lead regional discussions with India, Bangladesh,

and Pakistan regarding the shared Indo-Gangetic Plain (IGP) airshed.

12.2 Regional Collaboration: The IGP Airshed and the "One-Air" Doctrine
The Indo-Gangetic Plain (IGP) represents one of the most complex atmospheric

corridors in the world. Stretching from the Indus River basin to the Ganges-

Brahmaputra delta, it serves as a shared atmospheric resource for over 700 million

people. Sri Lanka, positioned at the southern terminus of this flow, is the final

receptor of the "South Asian Cocktail."

I. The "One-Air" Strategic Diplomacy
We must move away from a "victim-polluter" narrative and toward a "One-Air"

Doctrine. This approach is built on three pillars:

Mutual Health Resilience: We must communicate to regional partners that the

transboundary plumes reaching Colombo are the same plumes that have already

caused catastrophic health impacts in Lahore, Delhi, and Dhaka. By advocating for

Sri Lanka’s air quality, we are simultaneously advocating for the health of 700

million regional neighbours.

Shared Economic Interests: Air pollution is a regional tax on GDP. It reduces crop

yields in India and Pakistan while increasing healthcare costs in Sri Lanka.

Diplomacy should focus on Joint Technology Transfers, such as sharing low-cost

agricultural waste management solutions, that benefit the entire IGP corridor

economically.
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Non-Hostile Engagement: Sri Lanka can act as a "Neutral Observer" in South

Asian air quality. Because we are a downstream recipient, our "Black Box" data

provides an unbiased record of the total regional load, which can be used to

facilitate cooperation rather than conflict.

II. Formalising the IGP Atmospheric Treaty
Sri Lanka must champion the creation of a binding legal framework, drawing

inspiration from the ASEAN Transboundary Haze Agreement or the LRTAP Convention

(Long-Range Transboundary Air Pollution) in Europe.

The IGP Protocol: This treaty must explicitly acknowledge the IGP stream as a

"Transboundary Airshed." It should mandate:

a. Synchronised Seasonal Mitigation: Coordinating crop-burning bans and

industrial emission controls across the IGP during the high-risk Northeast

Monsoon (NEM) window.

b. Standardised Data Sharing: A unified regional sensor network where "Black

Box" data from Colombo is cross-referenced with data from Northern India and

Bangladesh in real-time.

c. Disaster Early Warning Systems: Integrating air quality into regional disaster

management (like the SAARC Disaster Management Centre) to treat "Toxic

Haze" with the same urgency as cyclones or tsunamis.

III. Synchronised Regulatory Alignment (The "Pre-Monsoon Reset")
A treaty must be more than a signature; it must be a schedule. We propose that the

IGP Atmospheric Treaty mandates a regional shift in the timing of annual

environmental audits and vehicle emission licensing.

The August–October Licensing Window: Currently, industrial licenses and

vehicle emission tests are scattered throughout the calendar year based on

registration dates. We propose that high-impact industries (power plants, kilns,

heavy manufacturing) in the IGP be required to complete their annual emission

audits and license renewals during August, September, and October.

2.3 The Regional Carbon-Mitigation Market (RCMM)
We propose a move away from the traditional "Victim-Polluter" model, which often

leads to diplomatic gridlock. Instead, Sri Lanka should champion a Sub-Continental

Carbon Market that treats transboundary air as a shared investment opportunity.

I. The "IGP Surcharge" and Double-Stream Financing
We propose that the regional treaty include a mechanism where major industrial

polluters in the Indo-Gangetic Plain (IGP) contribute to a specialised Regional Air-

Quality Fund.

Stream 1: The Regional Levy: India and other major IGP nations contribute an

"Externalities Fee" into a Carbon Market dedicated specifically to high-impact

transboundary zones.
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Stream 2: Global Climate Finance: Because these projects (like paddy straw

pelletization) reduce both CO2 and PM2.5, they are eligible for international

carbon credits from developed nations.

This creates a massive pool of capital that makes "cleaning the air" more profitable

than "polluting the air."

II. Sri Lankan "Direct Action" Investments
Instead of waiting for others to act, Sri Lanka can empower its own private sector to

solve the problem at the source.

Investment Incentives: The Sri Lankan government should provide tax breaks

and "Strategic Interest Subsidies" to local investors who set up carbon-reduction

plants (e.g., bio-char or pelletization units) in the Northern Indian IGP.

The Strategic Payoff: A Sri Lankan company operating a pelletization plant in

Punjab is effectively "buying clean air" for Colombo. These companies earn carbon

credits globally, while our citizens breathe the physical benefits of the reduced

transboundary load.

III. The "Mitigation Transfer" Stance
Under this model, Sri Lanka’s diplomatic stance becomes:

"We are not asking for charity; we are providing a platform for regional investment. By

funding the transition from farm-fires to fuel pellets in the IGP, we are securing our

national health while building a new 'Blue-Green' economic corridor."

12.4 The ROI of Clean Air: Health Expenditure vs. Mitigation Cost
The regional argument for an IGP Carbon Market and strict emission controls is not a

"sunk cost." It is a massive cost-saving measure for the national treasuries of South

Asian states.

I. The "Free Healthcare" Cost
Most nations in the IGP corridor (Sri Lanka, India, Bangladesh) operate under a

Universal or Subsidised Healthcare model. When the "NEM Pipe" brings toxic haze,

the state, not the individual, picks up the bill for:

Emergency Admissions: Sudden spikes in asthma, COPD, and cardiovascular

"crashes."

Long-Term Morbidity: The 20-year cost of treating a generation of children with

stunted lung development.

Productivity Loss: Millions of "Sick Days" that stall the regional GDP.

II. The "Prevention vs. Cure" Equation
World Bank and WHO data (2025-2026) suggest that for every $1 invested in reducing

PM2.5 at the source (e.g., stopping crop burning or upgrading industrial scrubbers),

the region saves an average of $15 to $30 in direct healthcare costs and productivity

gains.
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For India: Reducing the IGP plume saves the massive Ayushman Bharat insurance

scheme billions of dollars in claims related to respiratory and heart disease.

For Sri Lanka: Clearing our "domestic house" and negotiating regional reductions

protects our Free Healthcare System from being overwhelmed during the

monsoon "pollution peaks."

III. The "Double Dividend"
By spending on the Carbon Market model:

Direct Saving: Governments pay less for nebulisers, oxygen, and heart surgeries.

Revenue Generation: The Carbon Market attracts Foreign Direct Investment (FDI)

from global climate funds, effectively paying for the technology that saves the

healthcare system money.

IV Article 6: The Diplomatic Framework for "Shared Mitigation"
Sri Lanka’s demand for cleaner air is no longer a bilateral grievance; it is an invitation

for India to fulfil its NDC 3.0 commitments via Article 6.2.
I. Leveraging India’s "Eligible Activity" List
India has officially listed Compressed Bio-Gas and Emerging Mobility Solutions as

eligible for international credit transfers.

The Strategic Argument: Sri Lanka should advocate for "Airshed-Specific ITMOs."

By encouraging international investors (or Sri Lankan conglomerates) to fund

projects in the Punjab/Haryana region (to replace crop burning), these projects

generate credits that India can trade while physically removing the smoke that

travels the "NEM Pipe" to Sri Lanka.
II. The "Mitigation Outcome" Stance
Under Article 6, India is already committed to "Corresponding Adjustments" to

prevent double-counting.

The Justification: Sri Lanka can propose a South Asian Mitigation Corridor. In this

model, mitigation outcomes achieved in the Indo-Gangetic Plain (IGP) are partially

"credited" to the investors, while the "Health Co-benefits" (cleaner air) are shared

by both India and Sri Lanka. This aligns with India's goal of securing advanced low-

carbon technology through strategic partnerships.
III. Utilising the NDAIAPA Authority
Since India has established the National Designated Authority (NDAIAPA) to oversee

these transfers, Sri Lanka’s Ministry of Environment should establish a direct technical

liaison.

The Goal: To ensure that projects authorised by the NDAIAPA in the IGP region

prioritise "Air Quality Co-benefits." This turns India’s regulatory framework into a

tool for Sri Lankan national security.
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12.5 The Case for Accountability: Evidence vs. Enforcement
To move toward a regional treaty, Sri Lanka must first establish that we have the

forensic capability to prove the source of our pollution. We are no longer guessing; we

are documenting.
12.5.1 The "Chemical Fingerprint": Proven Causation
Our Truth-Anchor sensors allow us to move beyond "general haze" and identify a fair

and significant portion of the pollution with scientific certainty. Every major source

leaves a unique "Chemical Fingerprint" in the atmosphere:

The "Barcodes" of the Air: By analysing specific tracers—such as Levoglucosan

from Northern Indian crop fires or specific heavy metal ratios from IGP industrial

clusters, we can forensically distinguish transboundary smoke from local Colombo

traffic.

The Smoking Gun: When these chemical markers align perfectly with the "NEM

Pipe" wind patterns, we have undeniable evidence. This data acts as our

"Atmospheric DNA Test," proving that during peak events, over 60% of our toxic

load originates from specific regional activities.

12.5.2 The Legal Paradox: Why "Polluter Pays" is a difficult path 
While the international "Polluter Pays" Principle (PPP) gives us the moral right to seek

damages, the legal reality is a "Paper Tiger":

The Implementation Gap: Our neighbours already have strict laws, such as India’s

Air Act (1981) and the National Clean Air Programme (NCAP). However, these laws

often fail to protect downstream countries like Sri Lanka because local

enforcement is hampered by economic pressure and bureaucratic inertia.

The "Trial of the Century" Risk: Suing a sovereign nation in international courts

for "air trespass" is a decades-long process. Sri Lanka’s public health system cannot

afford to wait 20 years for a legal verdict while the "NEM Pipe" continues to

discharge toxins into our breathing zone.

12.5.3 The Strategic Pivot: Leverage over Litigation
Instead of using our "Chemical Fingerprints" to start a legal war, we use them as

Strategic Leverage.

We should choose the "One-Air" Path, a collaborative, market-based approach,

because it is the only one that delivers results in this decade. By showing our

neighbours the "receipts" of their pollution, we gain the diplomatic standing to

propose:

Synchronised Licensing: Asking them to clean their "house" in August-October as

a gesture of regional good faith.

Carbon Market Investment: Using Article 6 to turn their pollution problem into a

shared investment opportunity.
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12.6 The Geopolitical Realignment: From Grievance to Joint Investment
Sri Lanka’s atmospheric policy must be rooted in the reality of its neighbourhood.

India is not just a neighbour; it is the regional anchor. Pursuing a "Polluter Pays" legal

battle would be geopolitically abrasive and practically slow. A Proactive Joint

Framework is the only path to a breathable future.
I. Moving Beyond the "Hospital-Bill" Economy
Currently, regional governments are trapped in a reactive cycle:

The Current Model: We allow transboundary pollution to enter, we pay billions in

hospital bills, we lose GDP to sick days, and we ask for international aid to "cope"

with the disaster.

The Proactive Model: We divert a fraction of that "Health Bill" into the Regional

Carbon Market. By investing in source reduction (e.g., funding Indian stubble-to-

pellet plants or industrial scrubbers), we stop the toxins before they reach the

hospital ward.

The ROI: Saving a life at the source costs cents; treating a chronic respiratory

failure in an ICU costs thousands.
II. The Failure of Domestic "Paper Laws"
Sri Lanka must recognise that while India has robust frameworks like the National

Clean Air Programme (NCAP) and the Air Act (1981), their effectiveness is limited by

domestic constraints:

Implementation Gaps: As of 2026, many Indian cities struggle with fund

utilisation and source monitoring.

The "One-Air" Solution: By doing this jointly, Sri Lanka provides the "Downstream

Verification." Our Truth-Anchor data provides India with the proof they need to

enforce its own laws, creating a win-win for both nations.
III. The Article 6 Carbon Corridor
We propose using Article 6 of the Paris Agreement to create a "South Asian Carbon

Corridor."

This allows developed nations to fund the cleanup of the Indo-Gangetic Plain.

Sri Lanka acts as the Data Broker, ensuring that every ton of carbon reduced in the

IGP is a breath of fresh air secured for Colombo.
12.7 Final Conclusion: A Declaration of Atmospheric Sovereignty
This report proves that Sri Lanka is not a helpless victim of its geography. By

combining our Truth-Anchor forensic logs with a Proactive Regional Investment

Strategy, we move from "paying for the damage" to "preventing the harm."

We recommend that the Government of Sri Lanka adopts the "One-Air" Doctrine:

1. Stop the reactive spending on "Pollution coping."

2. Start the proactive investment in "Pollution prevention."

Lead the region in a Carbon-Market-driven cleanup that treats air as a shared asset,

not a transboundary weapon.

"We can no longer afford to pay for our neighbor's smoke with our
children's health. The cost of a regional carbon market is a fraction of the

cost of a regional health crisis. It is time to invest in the air, so we no
longer have to pay for the hospital."
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Future Research
Horizons
This study is a foundational Study for Colombo. However, the scientific
mission is incomplete. To maximise the output of the academic community
and ensure national resilience, further research is mandatory:

I. Geographic & Technical Expansion
The National Grid: We must replicate
the 6-season "Black Box"
methodology in Jaffna (the primary
Northern entry point for the NEM
Pipe), Kandy (the central
topographical trap), and Galle (the
southern exit and maritime receptor).
Satellite vs. Ground-Truth: A
detailed validation study is required
to bridge the gap between satellite
AOD (Aerosol Optical Depth) and
ground-level reality. We must
understand why remote sensing
often fails to reflect the "True Nature"
of the breathing zone in Sri Lanka’s
unique coastal-urban climate.

II. The "Deep Science" of Impact
Aged Plume Toxicology: In
partnership with medical faculties,
we propose "Oxidative Potential"
testing to compare transboundary
plumes against local traffic soot. This
will forensically prove the "Ripened
Toxicity" theory—showing that aged
air is chemically more aggressive
than fresh exhaust.

Economic Valuation: We need to
quantify the specific GDP loss caused
by school closures, lost work hours,
and pediatric hospital admissions
during "Snap-Back" and "NEM Pipe"
events.
The Regional Cocktail: Extend
modelling to include the specific
chemical contributions of Bangladesh,
Pakistan, and the Maldives to
understand the full complexity of the
South Asian atmospheric mixture that
reaches our shores.

III. From Academic Work to Policy
Attitude
The contributions in this report were not
driven by "Academic Work" alone; they
reflect an attitude of urgent concern for
national health.
We recommend the establishment of
Outline Guidelines for all future
atmospheric research in Sri Lanka. The
goal is to ensure that data is always
"Policy-Ready", formatted specifically
to be utilised by the Ministry of Health
and the Ministry of Environment for
immediate intervention, rather than
sitting idle in academic journals.
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This 6-season study and the resulting "Forensic Roadmap" were born from a
collective effort that transcends borders, disciplines, and even the boundary
between human and machine intelligence.
Scientific Foundation & Credits

NASA & NOAA: We are profoundly grateful for the satellite imagery and
atmospheric data provided by the National Aeronautics and Space
Administration and the National Oceanic and Atmospheric Administration.
Earth Nullschool: For the visualisation tools that allowed us to transform
invisible wind vectors into a clear, public narrative.
WHO & US EPA: For establishing the health benchmarks that serve as our
"North Star" in defining safe air.

National Authorities & Data Contributors
The Central Environmental Authority (CEA) & NBRO: For their consistent
efforts in monitoring Sri Lanka’s environment and providing the official
baselines for our study.
The US Embassy in Colombo: For their transparency in sharing air quality
data, which served as a critical cross-reference.

The Digital Co-Authors: AI & Modelling Tools
Collaborative AI Ecosystems: We acknowledge the indispensable role of the
generative and analytical AI tools (both open-access and premium) that
assisted in the synthesis of complex data, the refinement of technical
language, and the modelling of atmospheric patterns. These tools acted as a
"force multiplier" for our research speed and clarity.
Proprietary Innovation: Significant credit belongs to the proprietary
modelling and forensic tools developed within our institute. These specialised
algorithms allowed us to decode the "Black Box" of Colombo’s air, turning raw
sensor data into actionable policy insights.

A Shared Vision for a Breathable Earth
The Global Academic Community: To all researchers who have paved the way,
especially those focusing on the unique environmental challenges of Sri Lanka.
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