Motivation

A statistical analysis developed (Arora et al., 2025) to disentangle | PMZ s SU rface mass concentrations are elevated across
the relative contribution of emissions and meteorology reveals

that,
. meteorology can enhance PM2.5 concentrations by a factor | * EStablishing a probable causal relationship between fire

of ~3, while activity and surface PM, ;. concentrations is challenging,
« the observed increase exceeds by a factor of ~6,

. . . , s , as CRB occurs simultaneously with stagnant
from highest fire contribution to lowest fire contribution periods,

thus highlighting the complex interplay between emissions and mEteorOIOglcal conditions.
meteorology in driving PM2.5 concentrations over the IGP. e 32 ground-based PM, : monitoring sites are located
—— across the northwestern Indo-Gangetic Plain (IGP), and
‘ servations Sadarkot - ] ] . .
e N of which 27 were used in the inversion.
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IGP during periods of intense crop-residue burning (CRB).
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1 1
J(x) = E(x — a:b)TB_l(a: — xp) + E(H:c — yObS)TR_l(Ha: — y"bs)

B/R = prior flux /observation error covariance matrix

Minimisation

Vobs = Observed concentration
of cost

X, = a priori
function J(x) i P

H = transport operator

Non biomass burning (N.BB) period Biomass burning (BB) period
(4 -27 September 2022) (23 October -16 November 2022)

500

—@— Observed PM; s
EEE CRB Source Gurugram
B CRB Intermediate
~ CRB Delhi
T CRB Others
I Anthro Source
Bl Anthro Intermediate
= i Anthro Delhi
2 200+ Anthro Others

O . | == H —

h III | L —l Il IIII IIT "‘H I
| S B — - ‘

02-09 09-09 16-09 23-09 30-09 07-10 14-10 21-10 28-10 04-11 11-11 18-11 25-11 02-12
Date (2022)

Model evaluation : prior vs posterior vs observations

Khanpur Kalan
(independent station)

Beauscape Farms
(dependent station)

e During BB, the largest enhancements occur over Punjab and Haryana agricultural states which spatially , coinciding with fire

hotspots implying that enhancement is due to CRB.

« At representative Delhi NCR sites, during a major pollution episode (2—-4 November), CRB from Punjab and Haryana contributes
up to ~50-60% of total PM2.5, with an additional ~¥15-25% coming from local CRB within Delhi NCR.

« Compared to 2022, optimised fluxes are highest in 2024, despite satellite-detected fire counts are nearly 50% lower in 2024,
suggesting that satellites fail to detect the true extent of fire activity.

e Bottom-up BB emissions underestimate optimised fluxes by a factor of 2-7.

Crop residue burning contribution

Satellite based fire hotspots from
1-10 November

(BB - N.BB) /N.BB X 100

Top-down vs bottom-up emissions vs satellite based fire hotspot
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