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Abstract

This study examines the effects of Indian brick kiln (BK) industry, which is the second-largest in the world, to PM2.5 emission
over the northern part of the country. We analyze MODIS LAI/FPAR and global land cover products, as well as NASA’s
LDAS vegetation and soil datasets with 3887 BK plantation locations over the region for determining the contribution of brick
kiln industry to fine particulates emission, especially during its highest concentration period in December to February. Our
preliminary results show more than 60% of BK plantations are located in silt-rich areas for making brick kiln with more than
80% plantations are situated over croplands on the outskirts of urban areas (Figure 1), indicating proxies for the increase of

PM2.5 emission over Northern India.
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1. BACKGROUND 2. METHODOLOGY
1-1 Introduction 2-1 Model design

. PM, ; or fine particulate matters are tiny aerosols with diameter of 2.5um STEP 1 STEP 2 STEP 3
s o FOLLUITION in INDPA L370 vs, 2004 v 2002 or less, which are typically generated from incomplete combustion of PM, . Emission Quantification Result Verification
fossil fuel in vehicles, biomass In stoves for cooking and heating, coal In Meteorological Field

small industrial operations and agricultural waste in post-harvest fields.
_ _ _ _ In-situ Observation _ai -
It's also the PM,, - which plays the role of major component of air pollution In-situ Observation

which i1s now choking India.
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Brick kiln and PM, ; emission . i (MacFarland et al., 2004;
S e e S| India is the second largest brick ’ 1 Du et al., 2007; Smith et al., 2017)
#of districts #of districts maximum all district average prOducer In the World. Bfle klln (B K)

above 10 ng/m?® above 40 ng/m? in ng/m? in ng/m3

98.1% 40% 99.6 A Total # of districts 640 emItS flne partICIeS Of CoaL dUSt
(census 2011)

99.2% 60% 110.8 : particles, organic matters and gases

India annual standard 40 pg/m?

99.4% 65% 118.2 : L such as SO2, NOx, H2S, CO etc.

Gridded PM, ; data is constructed by combining data from satellite retrievals and a 3D global chemical transport model,
and subsequently calibrated with available ground-based observations
(Source: Dalhousie University - http://fizz.phys.dal.ca/~atmos/martin/?page id=140)
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Emission inventory could be updated by

comparing model results and observation
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* Limited inventory for PM2.5 emission originated from BK.
* In-situ observations using aerial photo, UAV or drone are difficult due to
air-space regulations.
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—— Residue/grain ratios of crops o .
Burning efficiency Final OUtDUt
i ! ! . . L ‘ o D1 30 km . . .

- Develop a novel technigue to estimate regional PM, ;. emission from BK P (... xRL)|x F1x (B2, x F2..) Regional PM2.5 Emission Model for

over Northern India using numerical model simulation and remote sensing Tk Gkt g ik 1k Analysis and Prediction

== Aerosol microphysical process : scavenging,
e h out, dry/wet depositi
» Evaluate the effectiveness of countermeasure in reducing PM, - emission Ratio of crop residue Factorforfvggr'v wash out, dry/wet deposition
. . . . ' changes o :
from brick industry in India & i

3 RESULTS 2-2 Data used 2-3 Model parameterization
- N -
3 1 PM S|mUIat|()n 3 2 MOD'S Iand prOdUCtS anaIyS|S * ECMWEF ERA-Interim (2017_2018' 6-hour|y, 80km spatlal res') Longwav radiation RRTMG ra_lw_physics=4 lacono et. al (2008)
2.5 ’ MOZART/WACCM ChemIStry boundary dataset (2017'2018) Shortwave radiation RRTMG ra_sw_physics=4 lacono et. al (2008)
WRF—CHEM PM2.5 AVE MAY 2017 WRF—CHEM B2  MODIS LAI/FPAR dataset (2017-2018, 8-daily, 500m spatial res.) Microphysics Lin et. al mp_physics=2 Lin et. al (1983)
— Iu.gﬁ sou VTS Iu.m o ot e s (0 2018 N rocton of PAR (Do 2015) e MODIS annual land cover products (Jan 2018, 500m spatial res.) Cumulus Grell3D cu_physics=5 Grell (1993), Grell and Devenyi (2002)
- - P DNORERRA T S T TN T — e MODIS AOD (2017-2018, daily, 1km spatial res.) |
o o 0.0125 el 2 e , . Planetary Boundary YSU Bl_bl physics=1 Hong et. al (2006)
oss | * BKlocations (2016, 3887 points from Google map) Layer
o 08 ™ 0.012 2 N e BKlocations based on LANDSATS and PALSAR2 data Land surface NOAH LSM sf_surface_physics= Niu et. al (2011), Yang et. al (2011)
24N 078 24N- + 3LIN ‘. crt 3 % —- -. : gl 31, ; ] . ) . 2
- o o P W T % k. identification using GEE cloud platform | |
o 07 "8 R ol S SRR Y Surface layer 5-layer Thermal sf_sfclay physics=1 Dudhia (1996)
18N | 18N{ 30,3 :. bt = : :3 : o) 30,34 Jik Difussion
0.65 ' 0.011 b Py 5
o i 0.55 oN _ _ . 5 . Ll -l A R f:!‘fﬂ‘.. o R AT : 38.1N _ “1 bas, Sy ; o R e 4 : C O N C L U S I O N S A N D F U T U R E WO R K S
. ; -. ' . o .I | . . oo TIE 73.5E TAE 74.5E TEE 7a.5E TBE 78.5E TIE FraE TBE 78.AE 75k TIE 73.5E T4E 74.5E TBE 74,58 TBE . . .
69E 72 756 78E BIE B4E 8JE 90E 93  96E ug/kg—dryair 69E 726 75E 7BE BIE B4E B87E 90E 93  96F ug/kg—dryair 4—1 COnCI USIOnS 4—2 FUtu re WOrkS
o . . . . . . .
e Srick Kiin va MODIS Combined Land Cover (201 sic Kin ve it Fracton . Morg than_ 60 /o of BK plantations are Iocated_ in the S|It_r|ch areas for * PM, . simulations using BK location generated by GEE
oor im0 B A e A A T : W \ dh- RS making brick kiln with more than 80% plantations are situated over cloud platform
T It - * v, RIS \ e cropland regions in the outskirts of urban areas in India. * In-situ observations using digital imaging to estimate
e e [ R - R > e ¢ Z5 N VN - Simulated PM, . emission shows diurnal variations over the locations the emission of BK plumes
-------- " ST e OO of BK plantations
i Ol AedeRNECGERLAES W ) e,
: I AN P L Yt | et R o Va1 I Acknowledgement
0005 I PR A P R T N T ARaEE LRREE . »  Brick kiln locations using GEE cloud platform were provided by Dr. Prakhar Misra and Prof. Wataru Takeuchi of Institute of Industrial Science, The University of Tokyo
: AP” 31 Suas T N BT I T M W v References
| | _ _ | _ T — e e —— Anenberg et al., 2012: Environ.Health Persp., 120(6), 831-839 Habil et al., 2016: Data Brief, 6, 495-502
E?}ﬁ BMAY T1AY TMAY 21MAY 26MAY A [ GlR e ogm o Gs baE s 0 Anenberg et al., 2011: Atmos. Chem. Phys., 11(14), 7253-7267 Mc Farland et al., 2004: J. Air Waste Assoc., 54(3), 296-306
s/ o ateene Du et al., 2007: Environ. Sci. Technol. , 41(3), 928-935 Powers et al., 2017: Bull. Amer. Meteor. Soc, 98(8), 1717-1737
MODIS data analyzed during the period of December 2017 — January 2018 Gao et al., 2015: Environ. Pollut., 199, 56-65 Vadrevu et al., 2011: Environ.Polluti. 159(6), 1560-1569
Model was run with 1 month spin-up onreo e Gorelick et al., 2017: Remote Sens. Environ., 202, 18-27
Grell et al., 2005: Atmos. Environ, 39(37), 6957-6975




