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ABSTRACT

Agriculture constitutes a fundamental pillar of human civilization, sustaining food production
through crop cultivation and livestock husbandry. However, the environmental consequences
of agricultural practices are not confined to farmland boundaries; they extend to surrounding
ecosystems and the atmosphere. Agricultural activities contribute substantially to air pollutant
emissions, leading to atmospheric degradation. Further, different sectors of agriculture emit
various greenhouse gas emissions. In India, the agricultural sector represents a significant
source of such emissions, with pronounced implications for regional air quality, climate
variability, and public health. However, previous research on agricultural emission sources in
India has primarily been limited to specific activities, including crop residue burning (CRB)
and fertilizer application (FA). Consequently, a nationally consistent and comprehensive
emission inventory (EI) for India that incorporates the full spectrum of major agricultural
operations remains underdeveloped. This gap constrains the accurate quantification of
agricultural emissions and limits the ability to robustly assess, predict, and mitigate their
impacts on air quality and human health. Also, existing global Els often omit important
agricultural processes and fail to capture the spatial and seasonal variability critical for accurate

modelling and mitigation planning.

Existing Els rely on fixed emission factors (EFs) and lack temporal resolution, leading to
substantial uncertainties, especially in a country like India, which is the second-largest global
consumer of synthetic fertilizers and home to extensive CRB and livestock activity. Therefore,
there is a pressing need for updated, localized Els that can support robust air quality modelling
and health risk assessments. In addition, there is a need for the development and
implementation of effective mitigation strategies for this sector, alongside the systematic
identification and quantitative characterization of emission sources, to enable informed
decision-making and facilitate the evaluation of mitigation progress within the agricultural
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system. To address these gaps, this study aims to develop a high-resolution, regionally specific
agricultural EI for India, encompassing key operations including FA, tillage, CRB, and
livestock activities. In addition, the study evaluates the effectiveness of various mitigation
strategies associated with each of these agricultural practices to inform policy and management
decisions. The developed EI is subsequently applied within the Weather Research and
Forecasting model coupled with Chemistry (WRF-Chem) modeling framework to assess its
utility in accurately predicting air pollutant concentrations. Finally, the study examines the
potential health impacts attributable to agricultural emissions, providing a comprehensive

assessment of the sector’s influence on the air quality and public health.

A district-level EI was developed for the year 2018—19 at 0.1° x 0.1° spatial and monthly
temporal resolution, incorporating crop-specific fertilizer use (covering 52 crops), CRB
estimates based on fire radiative energy (FRE) correlations, monthly tillage emissions based
on field surveys, and livestock emissions using updated India-specific EFs. Activity data was
obtained from various sources, with field surveys across 102 districts in 14 states. The
inventory was then used to evaluate the impact of various mitigation strategies and to drive
simulations with the WRF-Chem for the year 2022. Two scenarios were analyzed, one using
the Emission Database for Global Atmospheric Research (EDGAR) inventory (EEI) and
another with a Modified EDGAR EI (MEEI). MEEI is equivalent to EEI, with EDGAR’s
agricultural emissions replaced with the developed agricultural EI. An additional one-month

WRF-Chem simulation using ‘EEI without agricultural emissions’ isolated their health burden.

The resulting EI estimates show annual emissions of 3.15 Tg NH3 and 138.53 Gg N>O from
FA, 583 Gg PMjo and 278 Gg PM> s from tillage, 3.4 Tg NH3 and 14 Tg CH4 from livestock,
and CRB emissions were dominant from rice and wheat residues, particularly in the Indo-
Gangetic Plain. Urea accounted for over 93% of FA-related emissions, and cattle and buffalo
contributed 91% of CH4 emissions from livestock. Temporal analysis revealed distinct seasonal
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peaks, such as NH3 and N>O in July—August for FA activity and CRB in October—November
for PM. Mitigation assessments indicate that strategies like NBPT-coated urea, zero tillage,
sustainable crop residue management, and livestock dietary improvements could reduce
emissions by up to 44%. Zero tillage adoption (25% conversion of conventional tillage land to

zero tillage) reduced PM emissions by 17%, and dietary changes in livestock decreased CH4

by 12%.

WRF-Chem simulations with MEEI improved model accuracy substantially, reducing bias in
PMys by 24%, NH3 by 50% in agriculturally intensive regions, and aligning better with
observed seasonality. Further, WRF-Chem simulated annual average aerosol optical depth
(AOD) correlations improved when compared to MODIS AOD with coefficient of
determination (R?) increasing from 0.67 with EEI to 0.74 with MEEIL These enhancements
were particularly more evident during peak emission periods, such as tilling and FA months.
Critically, health impact assessment revealed that agriculture alone contributes 16.4% of PM2 s-
related premature mortality, compared to 11% under EEI, translating to an additional 0.53 lakh
deaths, with the Indo-Gangetic Plain being the most affected region. Furthermore, agricultural
emissions not only drive air pollution but also alters near-surface temperature through aerosol—-
radiation feedback. Excluding agricultural emissions from simulations led to systematic
overestimation of near-surface temperatures, exceeding 1.5 °C in BR and AS and 1.38-1.2 °C
in WB, UP, and MP. With MEEI, temperature biases decreased by ~1.25 °C on average across
agriculturally intensive states, underscoring the pivotal role of agricultural aerosols in shaping

regional temperatures

In conclusion, this study underscores the necessity of localized, temporally resolved
agricultural Els for India. The demonstrated improvements in model fidelity and health impact
estimation reinforce the value of such Els in guiding air quality regulation, climate policy, and
sustainable agricultural practices. This work lays the foundation for science-driven
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policymaking aimed at reducing agricultural emissions while safeguarding environmental and

public health outcomes.

Keywords: Emission Inventory, Particulate Matter, Ammonia, WRF-Chem, Aerosol Optical
Depth, MODIS AOD, IASI NHj, Fertilizer Application, Tillage Activity, Crop Residue

Burning, Livestock, Health Analysis, Temperature, Agriculture Sector, India
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FY AHT T BT Th JaHd WY €, off HUd IdG 3R URUT & JTEH I TTe
JTG DI AL Xl & | GTetiioh, HiY Uil o YATaR Uity GRUTH had Wdi adb o) Aiad
T8I & I U & UIRfRUTA! o SR argHed d& i Thad & | S mifafafit arg ugwe!

& o H AUl ANTaH ol g, o argHed &1 &RUT gidl § | 3 AT, Y &
faftra &= faftrd WiHeTew T &1 I #Rd g1 YR H, FY &7 T IoH! &I Td

Hg@qUl AId &, foresT &= arg TJurex, Siaarg aRad—RiedT 3R Hresi-d W[@red I
TR THTG USdl g1 BTdifes, YR H HY IqoiH Fidi IR gd # fhT 78 e 9 =0 9
T AR ST (CRB) 3R Jaxdb TANT (FA) it falRry mifafafial ae gt Tifid 38 §

GRUMRGEY, HRA & T T TP TR R GETA 3R AUS Io JdI (El) BT fadbra
3nft I g1 81 uran €, ForH U Y il ol Ot SRaer M 811 98 HHl S Sedo
& 1P AETAS YR & Sem STad § 3R arg Turadl 3R A4 WA R 396 T4l

BT THTET SHTH T, GATTAH 3R THT B 1 & I A Hell & | S0P SardT, HISal
Y EI SRR Heaqul HY Ufeharstt &1 B 4d 8 IR T ATST 3R XA JIoi1 &
forg meayuf wifAes iR At T &) gHe & fawd W&d g

el Io Jadhich (331Ts) i ITolH HRST SU%) TR TURA § iR 3780 T9g &
1Y gEard B F 7, s H1ot fAfyaan der g 8 WeR YRd o 3w B, o
FHEA IRD! BT TR JIY FST afYes YT § 3R OTg1 AUH Y J FY IR 3R
UR[TEH Tiafaftrt gt 81 3, SreIdd, RIFIEHT $34Ts B dobid aadhdl § off
TSI arg T[ura AT 3R W SifaH e & Tead 8 o | 39d S(amdl, 39
&7 & forg gurdt 3w oot & faem SfR Srafaas & A1Y-91Y Soi didi i
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FARYd UgaH SR AETHS [a=awor &t off Siaxgeran §, difes Jrad o o § Heg
B g 3R HY gormelt & HiaR THA U & Heich B YH 11 S b | 3 B!
BT R B & T, 3T LT BT I YR & 1T T = Rilegm arer, &3t Ry
el ok U nfafafiat afga wiRa sl o) enfie fosar man 8 1 39 sifafvad, o8
3 -ifd SR TeieH Haeh fofat &1 gfrd oA & e 370 9 ude i ugfa @ el
fafta g Yorifert @t guTaRfiadr &1 e axa ¢ | fAsRia Sems & 918 § 3|
ST 3R GaHH HiSd (SR IMRUB-HH) HisioiT 6id & v AF] foar oirdn & difds
g UGN Wil T T GargH T H SHh! ST T b a [ off b | 3fd
¥, T8 g Y IGo J BN aTd T TRy THTE! 1 ST el 8, o arg

TOTERTT 3R ol WA R 39 &5 & YHTG BT ATUH Jegidh-1 U gl ¢ |

¥ 2018-19 & fT 0.1° x 0.1° VTAF 3R ARG Aforer RTegRH TR T orer-Tig
o JAD D (33118) fawRid forar w1, forad waa-fafRy Saxe ST (52 Bl &i
HIR IR gU), Y fAfhrur ol EHeRS) Tedadl TR eRd Y Iqor a0
HramReh) A, & Tl R iRd ARYe Jd1s I 3R 3" YRA-fIRy
ST BT IYANT HRb TR o M | Tiafafy Ser fafta Sl 9 urwd foear
T, Forae 14 54t & 102 Frelt & & wderor AT A1 39F 971G 39 Yo T ITANT A

I IUHITTAT & THTT BT Jedidhd d3 3R a8 2022 & T S&geRutG-5d & a1y
Rygeiem Tenfera w3 & fore fosan mam1 &) ufvexal o1 faxawr fosar m, te o afYye
JGHST U & [T I Sclad (38 SMISR) ! (333118) BT IUTNT fobaT T
IR R F RN SEITTaR $aré (urgdons) 11 wrgdans, $Eoms & wnge 3, R
SSIGT3IR o BTN FHoi bl fIeid PV $3MS A U febaT 7121 8 | PN IHoiA b
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T <SS 1 U FRA G TE SR Uo HER &SGR - Rgaw 3
I WY et digT Y 3T B e

OO El AT S T Ial § T FA ¥ 3.15 Tg NHs 3R 138.53 Gg N0, S[dTs ¥ 583
Gg PM1o 3R 278 Gg PMzs, TR I 3.4 Tg NH3 3R 14 Tg CH, ATiN® IToiA ©, 3R CRB
IS HBT Y I 19 3R g & 3RS T il 7, IR U J SS1-717 & A Hi FA
T TSI I | IRAT BT ARTGH 93% W SHfUH T, 3R UL ¥ CH4 S | T
3R WY BT AT 91% UT| WA fA=AVU T SfeT-3(eRT A oRH TS A TS,
oY b FA AT & oW Jms- 3 # NHs 3TR N0 3R PM & forg sfageR-AdeR H

CRB| ¥HH 3T § Hobd fHadi § fob NBPT-Iftd gian, I SdTs, fodhrs: wud Sawy
T 3R U R YR SR 0] T Ioi H 44% I B1 HHT 37 Jba &
IR FAT8 Bl UM (URURS s arent YfH & 25% 3 & Y Fars & uikafda &A)
T UIed I T 17% &1 HHT 3178, 3R I & 3MER § d&ad o CHy 7 12% 1 HH!
3Ms|

MEE| & TTY WRF-Chem RIGaRM A Aled &1 Ilodl § H1h! UR b, o oY

TYH &3 H PMos & 24% 3IR NHs | 50% d Jaiig &H gof 3R I8 37 T HigH!
JEamal & AT TGN &7 4 A T 1| §Fd fAMaT, WRF-Chem gRT RiJeics amftie
3d WG HfPH S (AOD) TgHss MODIS AOD &1 a1 H S8R g, foraw

4RO 01T (R?) EEI O 1Y 0.67 ¥ IGHR MEEI & W1¥ 0.74 81 711 J YUR fRIW &0 9
TR IS A F SR HfYE WY A, 9 & TS 3R U Hers & HeH | Hedyguf
EU ¥, WG JHIT HHT I Il 9l [ PM, s & I&fId I090 ¥ Ugd g4 aral §g o
3 HIY BT ARG 16.4% 8, STafdb EEI & dgd I8 11% g, foraet o § sifafved 0.53




g Aid, fo T E81-77 &1 e Tad S T &7 51 SHb AT, Y Iafor o
Fad arg UGNl HI FGId1 ¢ dfewp WIA-fafe=or wfafosar & Hend ¥ ¥dg & Hde &
I &1 1 Ieadl 8 | REaeE 3 HiY I &I 9163 X8 § Idg & Hdbe & aad=
&1 FARYT T I SHfAH SIHT TN T, S BR 3R AS & 1.5°C I 31fdF 3R WB, UP
3R MP T 1.38-1.2°C I UTI MEEI ®I IMHS B T, BN T Ao T AIAH Garg
3T ~1.25°C d% HH 8 T, off &3 arudH &1 FuiRd F 7 Y W &1

Tgaquf YT B ¥Qifehd BT 3
frped:, I8 310 URd & ol RIMAHd, TH0as $1Y Jeell gafaRulia Jasie! of

TIRIH I R I odl ¢ | AlSd &1 Jedhdl 3R WG YHE! & b H HeiRid guR
a1y TuTa fafEs, Saarg ifd R fiers, $Y ugfodl & Aanfex= & T8 yaiaxoia
Jadhidh! & Hed Bl Yeg HRd ¢ | T8 B 1Y Ioi- Bl HH B & A1Y-TTY TIiaruig
3R Grawife Wy uRumal &Y e B & I A fage-snurla i fHafor &) Hag

Radl g
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