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Selection criteria of agricultural burning pixels
using Sentinel-2/MSI data in Punjab, India
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Abstract

High concentrations of PM,; in Delhi, India, are a health concern. Main emission sources of
PM,; are smoke from factories and exhaust gas from cars, but considerable amount of smoke
from burning of agricultural residues is significant. Satellite observation is useful to monitor the
fires from burning agricultural residues. We examined characteristics and seasonal changes in
spectral reflectance and normalized vegetation index (NDVI) at the origin-of-fire by burning of
agricultural residues. The reflectance in shortwave infrared (SWIR) of 2190 nm (Rgwirao) Was
higher than 04, and the ratio between two SWIR (Rswraeo Rewirisio) Was higher than 1.25. That was
specific characteristic for the origin-of-fire. Most landcover such as water, vegetation and city
area did not have that characteristic, but specific city area which had relatively high temperature
such as brickyards had similar characteristics of Rgymrae Wwas around 0.4. It was needed to remove
hot pixels such as brickyards from candidate pixels of origin-of-fires. To confirm the pixel being
farm by detecting vegetation signal, the condition was useful that the number of times with
NDVT being higher than 0.85 was greater than 1 in a year. The pixels after agricultural burning
showed gray in natural color composite image, and the spectral reflectance pattern was different
from that in harvest and post-harvest time. From these results, it is suggested that after burning
area could be extracted from satellite image, even if satellite could not observe on time of
burning agricultural area. Further study with using ground survey data is needed to identify the
agricultural burning pixels and estimate identify accuracy.
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1. 3UBIC

A2 F 7Y =285 2020 40 PM,; OEMFIMHIZ 841 pg/m’ T, HARKEL NV TH S
(IQAIr, 2021) o PM,; lZ NI DEER IR 4 2 ERE L 525 2 LA 5T 5 (Dey et al, 2012;
Dandona et al, 2019)o 79 —DdLPEICH B30 Vv — TG A ¥ FOEE R BEEAERITTH ) |
KEOBERBEVPBEH SN TV I EDPAON TV DL, ZODISAET HRAGRWE OHE
7)) —2ELey Ny A5 VEREICEEL 5.2 5 L E 2 5T\ % (Kaskaoutis et al, 2014;
Sarkar et al, 2018). 7V — CTORRFEHRAEZ 5 L TH, HER & L CGEREO T30S 3B H
ORI ADMIZ, TV —EEHHKIEFEIN DS T v — T RN ¥ —F — I BT 5 EEEE
BEH, $7bb [BEEE ] 55 O T & 2\ (Cusworth et al, 2018; Takigawa et al., 2020) o

BPBEE 20 5 O KREFAWEREH OB O 7201213, B X2 Tb o =451) v 7
PUETHDL, NLEEICERIN 22 I H807— % 2T, IR Z BEI 83
5 ENTED, NASA (7 A1) AMZEFHF) O Terra i - Aqua FEI12FE# S iz MODIS
(MODerate resolution Imaging Spectroradiometer) -t > 4%, S-NPP f# A 1235 #k X 1172 VIIRS
(Visible Infrared Imaging Radiometer Suite) ¥ D F—% 5, ZNZFN, 1km, 375m D
e RRE T “active fire” 71 % 7 b (Justice et al, 2002; Schroeder et al, 2014) 2MER 1
FIHEN TS, TNHD “active fire” OB TIX, [ OMERESMBOWEL ) EHWT &
. TIVT) ALDIERE L TWE, INSOERIIEHBIIRE o 2RISR 2 BNT 5, &
KK D X IR E TICEH 222561, [K] 26 OFEiRD 2 v 4 TH Bl SN AHERDE
Vo —F . BPBEE O L) ITHRBEREI AN A 1E, AR BRIIEEICAT DI TW 2B & O ADSE]
WE Lz, EBRIITTONIZHREZO - L2rHNTE2nwEEZ b5, 72, MODIS +
YA O SRR TOEM AR 250m ~500m TH ). EH 1 K7z ) o4 X
WZHERTH V. BRINF B (European Space Agency (ESA)) 7% 2015 4E & 2017 E£I2F N2
1T H EIF72 Sentinel-2A /2B fif £ (ESAa) 121 MSI (Multispectral Instrument) - > 5235 #k
SNTBY., BEWEHE G HE) - m2HSHE (10m £721320m) TEERZBHIL TV 5,
10 m ~20 m DO ZZ[H 73 BE TIX BB X O RO T £ CTEBIMASTTEETH 5

KELTIE A Y K- 280 Py —=7INIZBIT 288 X OBEILRE O 720, MSI & >~ Y EHlo
7= % I\ CHBE & KITR € DMOPETE O 53 SR SR DR BURAT 2 17\~ BPBE & KITHFE Ol
Mz b L2 HIYE Lze 720 WHREXROGIHROZALI S WHE X DOERE %
ZAONLMETIZED L) O NEEFEDO IR — V&R L, ZO/XF — DM S L5 2
DOWTERL., BHREXHFMMRIEDREIZOVWTIERS,

2. B EFERT — 4

FEMNTSEIZUE A > B - 20 T v — TINEE O b 30042217 ~30°16'517, HUE 75°01'52" ~75°31'11"
D) 2200 km* & L7zo 782 P v —7ITIE, 1970 AT DRE. W () 781 IChfE. ok
HEEHZORH (78l \/hEDZFBEMTONL TS (BEH. 2006) .

Sentinel-2/MSI TEH & N7220194F 1 H I3SH~12 H4 HE TD 32 ¥ — O REM LT A
M E=T7— % (S2MSI2A) (ESAb) #=f#iH L 72 Sentinel-2/MSI 7— % % LIft MSI 77— % &
RIS 5o fEH L 728 AT o H LRI 490 nm (Band 2) - 560 nm (Band 3) - 665 nm (Band
4) - 842nm (Band 8) - 1610 nm (Band 11) - 2190nm (Band 12) ® 6 /N> KT, ZIhZNH
(Blue) - #% (Green) - 7% (Red) - #t7R%+ (NIR) - S &A% 1 (SWIRL) - S £ARY}: 2 (SWIR2)
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C Data: Setinel-2/MS| )

....... ")

Observation day: Nov.9,2019 Y Observation day: from Jan 13,2019 to Dec.4,2019
smoke of burning of agricultural residues

for an origin-of-fire by burning of

agricultural residues
characteristics of spectral reflectance

* Natural color composite image
* Spectral reflectance in seasonal changes
* NDVI in seasonal changes

' ]

Selec.ti.on criteria :Cand‘idate of NDVI threshold for vegetation signal
origin-of-fire by burning of

agricultural residues

* 4 types of farm pixel
* 4 types of non-farm pixel

J—

) N———— _
The candidate selection and %
image interpretation for the candidates : farm or not farm
lA
<
Selection criteria: The candidates belong to farm )

.

Gelection criteria: Origin-of-fire by burning of agricultural residues ]

Figure 1. Flow of this analysis

& FKT o R EREIX Band2~4 & Band8 #° 10 m\ Band11~12 220 m T& 4. 7% 3. Bandll &
Band12 (V> 7)) » 7 L, Z2fiifiee% 10 m (2HHIE L 720 MSI 7 — % OfEMTI2IE, BN S5
FREDSBHSS U725 2 7 — & {5 LEE ) 7 b SNAP (Sentinels Application Toolbox) (ESAc) % H
Wizo F7-, BHBEE WG T A 729, Google Earth Oj{§% V7 7 L7 Google Earth
Pro THLEE L 72,

3. BIRG&

T DL x Figure 1R £9° 1) BFHEEIC X 28I <7z 2019 4F 11 H 4 Ho MSI
T b RO ZHWHO LMW ED G Re T > 7)) Y7L, COREHR~RZ. Ribh
SIEFF 2TV T —ERERTREICERZ 2 BRI HEIZAR SR (2L, Lk (ko
B L [EtaoEM] it 5), FEEX I X A MBI S WO ESET E E 2 SN AT
(Lifg TP Roc] LRib %), FF 200 7 —ABEHR TR BRI &2
ONLAMETH L, [FREORM] ZREWOREN EEZ SN, [HaoRi] 3. [GEN D
BWIIPERR EHE S N Do RIDIAL TR, Bk, WitEis e . TEPBE S Kot [AARIC KRR
EDR BRI EWHED E L TRILBEE T2 0> 7)) Y 7 L7ze SRO6OF YT ¥ 75T,
20194F 11 H4 HIZBII SN/ MST 7 — % OF F 27 )V 7 — GRS - ZORiEICBH S /e
{5 - Google Earth OB{ETZ DM - IR - 77 AF v - =2 X 2B S GHFH L
Jeoize H 2T 2T LT BWEO R ORRUENT 2> 5 . [HP8E & KIT] Otz i+
55RO T2,
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WA, i) BB X AR CONRERB ED L H 12T 200 % FMICTHN2 720, 1) TEBE
EKICHEFEEHF L AEERLOFF 27 )0V 7 —FWE%E TR & KTt B OS5 GRE
DEMEALE Tz T2, BIEMO KRR OGS IIAAE O 5 RO 2 R$ 729,
[P X K0 B ORETRE NDVI (= (NIR @4 — Red D FEFER) / (NIR O FCETER +Red
DFEER)) OFFEALZ TRz [BHE S KIT]) HFE T, BRIEMOBENIZ NDVIdHiED &
TFNELTEDL LWVOEL EZRT O TR, MDY 7 & LTo NDVI Ol % ik
D7z,

©Google Earth

©Google Earth

©Google Earth

©Google Earth

Figure 2. Examples of MSI natural color composite image interpretation for (al) green farm,
(a2) yellow farm, (a3) origin-of-fire for agricultural burning, (a4) burned area. (b1-
b4) Google Earth images for the same area of MSI image for (al-a4), respectively.



Sentinel-2/MSI F—2&#BHWiEA K - N> T v —TMICE T 2FHEE A TEZEOMHESHA

WU, i) 1) OFtxY 1EMoT7T— 7 1S#EA L B S Aot @i & il S zmE 3T
FWGHFICE D, BHTHLE0 MR Lz 72720, THEEE KIT] B2 E L & (357 L ¢
1 BFEOARME S N72546, BGHZEIG T Lo, [BE X KTt it s LTt S h7z
WA 3WMFELL LR L TW2GE O R, DIROBITICH W2, 720 BiRHRHICIE. MSI o)
F 2 TV T —EHEE L Google Earth OWH{F 2 HVv 7z, [HBEX Koc] BERiHSEHRTH 5
Gl ZOWFEDO NDVI OFFHZALTHA O Y 7 VBl S L, B TR WEE, i
DERNY ZF VB S e v, EE 27, 22C [HHEE)O0] BFHBOEZEFERTH > 72
el BT o e N EIUCR LT, FEMO NDVI A i) T 7-BEEOR %
RN FOREEDS, TEHEE KIC] B CHIZE D Y 7 F VB S B b & b 72,

4. BITKREER

4.1 [EFRERT] EEOMESRMG

SHREFROY 7)) v v FET R RS A 720, MSIOFF 2TV T — B RESRTO RO

H{§HFE 21T > 720 Figure 2 (al) OY ¥ 7 OFETH - 728501, [FkO i OHFEHIT. R
DOFIR & BBl 4L, Google Earth OEf% (Figure 2 (bl)) 264 Z20f - IR - 77 A
Ty PR THLD L 2R L7, Figure 2 (a2) ¥ Y 7 O TH - 728513, [EEOR
] OB T, Figure 2 (b2) @ Google Earth W% 5 EMTH S Z & 2R L7, Figure

2 (a3) T [BHE& ki) LHF LY 7 THAZES TIE, BOWEED SO EHWE TR &
N, ZOYFPOEENMELIZHWEDNE o/ THUE TBHEREEX AT 2S5 5 B )k
L TCWAIRETH L LHML72e ZOHATD Google Earth O W55 B TH S Z & AL
720 72, Figure 2 (a3) @ [FPHEXATC] FBIZERWERZRSBIM S L, REERTH S &Il L
720 Figure 2 (a3) @ B Aot FBORWEE L Figure 2 (ad) DY ¥ 7 THAZEHTIE
PCB., CORVEET [BFHRXHM] EE26N15 EHFE L2

Db FBROHEICT, [Fko |, (o], RS AIc]. [EREX ] % g d 5
HZENZENT0. 39, 92, 66 WFTH YT 7L, FOWMBEDG I HOFE 2P~/ 2o
DI % Figure 3 (a-b) 12, D720 0 E# DAL O3S % Figure 3 (¢) 2R T,
[FxD M | (Figure 3 (a) farm:green) TIIFHFM (Figure 3 (c) forest) IZHRTHRIEETHOR
BETEL ., REROTIEONFRET N TWE EEZ SNz, [HEOEM] (Figure 3 (a)
farm:yellow) Tlid, WHIBTHEEN R 22 12N THEEIE L 20 TR RSO
FERCII =D 035 L H L o Tz TOANRY MVOFFRII B L /A AE DR §
REIERD Y — T b, [BFHEXHM] DAY L% Figure 3 (a) farmburned 12779, 1f
IO SRS 0.05 F2FE &K 25, NIR. SWIRL, SWIR2 L ENEL 25 I2oNETEL &Y
01 FETH o720 —Ji. K (Figure 3 (¢) water) TlE. 25 NIR TO EEA 005~
0.1 B LMK <. SWIRL & SWIR2 TIXIZIZHASEEA0 TH V. SWIRL, SWIR2 THE W EH & 2
molze — i (Figure 3 (¢) city) Tl RO BEEAT 0.1 PLE & KIS FAkIE &
5y WS SWIRLIZ2T TR ZEDOMEAE { 72 o 720 Figure 3 (b) @ [B4E & KJc)
(farmifire) Tld. IESFEATHSE Blue A 5 RS NIR 12203 T 02 L DK<, oo H gk
LD IEHEERI SWIR2 O E L 2 AEAAR S, ZOH 7OV TIE SWIR2 2510 £ 0 &
{Tpodze TBBESATC] IZEEO TP EICINEREEZ 5NL, MxHRE T oWk, T
DAFIZHHI L2 ANF =2 G L TBY ., WEOEEIFEVIZE, A VF—DE -7~
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Figure 3. Spectral reflectance and scatter plots for various types of land covers observed by
Sentiel-2/MSI sensor on November 14, 2019. (a) Spectral reflectance of yellow and
green farm in natural color composite image, and post-agriculture-burning area. (b)
Spectral reflectance of water, city and forest area. (c) Spectral reflectance of the
origin-of-fire of agricultural burning and brickyards. (d) Scatter plots between
reflectance of SWIRZ and the ratio of reflectance of SWIR2 and SWIRI.

BERIZFL D, 20720, ERERED 0CHEEOSLEIX. M= ANV F—DHRKE L DWHEE
X 9um #7210 T, SWIRZ2 O EH TOMG = 4 F— 13 M T X 512 L/NS VA SRR E
2350C. 100C. 200C O34 SWIR2 O Fif TORGF = AV F—1x, 30COLGEDOZFNETNY
4, 60, 2400 5 & 72 720, SWIR2 O K712 & KD & OIS 4OV F — OHEE 2K LD
FricEFIN, EHENPI0L DV EL b EE 2515, Figure 3 (¢) 2R L72ILEE & 1.3
(brickyards) Ti&. SWIR2 @ K5 [#E o EH] (Figure 3 (a) farm:yellow) <27 i
(Figure 3 (¢) city) X0 & E»o720

[BFE X KTT] B3 Tl SWIRZ O SRV S o 72720, T2 B~
T T REER L, SWIR2 O (Rywiw.) % SWIRL O (Roym) THRL72H (Reyiwe/
Rewm) &+ Ry OEATK A VERL L 72 (Figure 3 (d))o Rywme/ Rewma 75 10 £ D) 5 < 22 Ry 2°
04 LI THBEXAIE] HEISL HMA LTV LA LGRS [FEEXATE] DAHZ D Ravm
04 LEE 2 2B EHTIE R I H Y . Figure 3 (d) Hi2E > 7 (hot building)
TR L7z Figure 3 (c) OBREBEE TH;d hot building (I2& FN b, LLEX D, [BH X AIC] &
b OIS % Rowre/ Rewma 78 1.0 £ 1) 8 < 22D Ry 2504 £ ) BV & L 72,
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Figure 4. (a) Natural color composite image around the origin-of-fire for agricultural burning,
and (b) Spectral reflectance of the pixel position of the origin-of-fire on Nov.4 (al,
bl), Oct. 20 (a2, b2), Oct. 30 (a3, b3), Nov. 9 (a4, b4), Nov. 19 (a5, b5), and Dec. 4 (a6,
b6). The position of the origin-of-fire pixel is shown with a pink arrow in (al).

4.2 [BpRE AT BFEHROZINY MVD 1 FEOZEHELEEEL DS TFHIVORBE

FEHT RN @ Jodhpur FET 11 A 4 HIZ [BFEEXAoT] &G S 7z E L0 MSI O
FF 2T NA T — AR E IR 1 AER OZ LA 72, Figure 4 (al) 12 [#PHES K
Jo) EHFEINZEBO 550 m X 430 m OFIKOW % 7R BEH R SFERICHWEEE O
JEASHIFE S N 7ze W L3t 10 H 20 H T Eiffidske, 10 H 30 HCTld#Ef, 11 H 9 HTI3K
., ZOfH%. 11 H19H, 12 H 4 HE®BHPZE(LL Tz, Figure 4 (al) O ¥ ¥ 7 O KHITR
L72EFE O RS EIZ. 11 H 4 H (Figure 4 (bl)) Tid. WA 5 SWIRL O RO fEAS 0.2
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(a2) Jan. 28 (a3) Feb. 27 (a4) Mar. 9

(ab) Mar. 19

(ab) Mar. 24 (a7) Apr. 8 (a8) Apr. 18

(a9) Apr. 23 (all) May 3 (al2) May 8

‘@éh

a15 ) Jun 2 (al6) Jun 7

(al0) Apr. 28

(a21) Aug. 21 (a22) Sep. 25 (a23) Oct. 5 (a24) Oct. 15

Figure 5. Natural color composite image around the origin-of-fire from Jan. 13 to Oct. 15.
The area is same as Figure 5 (al). The observation day of the image is written
next to right of the figure number.

FEEET. SWIR2 O KEROMEDS 1 L 0 B, $iEIR 7% [HEEEKIt] O A7 MULERL TV,
10 H 20 H (Figure 4 (b2)) Ti& [#FoEH#] o/ —> %, 10 H 30 H (Figure 4 (b3)) Tl
[EEOBEM| ONF—2ERL Tz, 72, 11 H9H (Figure 4 (b4)) Tl KHHED [#
DB ] D5y — 2 L13FE ) SWIRL & SWIR2 OfEAS 025 138 TIEIZF L TH o720 Z Dk,
11 H19H (Figure 4 (b5)) &, 11 H9OHEB/28% — %R L, 12 H4H (Figure 4 (b6))
TIE, [EEOEM] Oy — WU E oz il & D, 10 B 20 HOR S Tl a ok
() HdH Y. 10 30 HTlE. UERH 2 WIZIUERT 11 J 4 BIZFEEX 247w, 11 9 H.
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19 HTIZBEEE 21T o IR PBIHI SN2 L ZE 2 6N b,

PLEo#ER%ICI12, Figure 4 LR LMD FF 2TV T — &% % & Tw {, Figure 5
(al-a6) @1 H» 5 3 HOE{RTIZ, &Ik T, 4 HIZA S E (Figure 5 (a7)) # Tkt
WCHEENIRES 72X ) B o TwWizo 4 A6 5 Ho®A (Figure 5 (a9-all)) Ti., &1k
FICERIEERBE 20, 5 Hha2 5 6 HA (Figure 5 (al3-al8) Tl JkfudkZ N TH
0. 7 B#A (Figure 5 (a19-20)) T, #x@BhL Uib o> Tz, 20tk 8 A (Figure 5 (a2l-

a22)) 75 10 A (Figure 5 (a23-a24) 1253 THA Wk & 72 5 720

Figure 4 (al) @ [#FEX kot EFREFE LHATo 1 A2 S 10 H O3 EREE % Figure 6 12
R 1A2S 3 M (Figure 6 (a)) Tik. 7007 1 VORISR F & AR O G
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Figure 6. Spectral reflectance of the pixel position of the origin-of-fire (Figure 5 (a)) from Jan.

13 to Oct. 15.
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Figure 7. Seasonal changes in NDVI of the origin-of-fire pixel in 2019.

AR R & DK< NIR O REEEDE & 2R EAED AR MVvAEl S 7z, 3 H 19 B
524 H. 4H8H (Figure 6 (b)) &4 12RO EHDPE <. NIR OEEIMEL 2D, 4
H18 HIZIE o LFEHEDOARY Ve %72, Figure 6 (d) »5H 18 H. 28 H
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Sentinel-2/MSI F—2&#BHWiEA K - N> T v —TMICE T 2FHEE A TEZEOMHESHA

43 [FrEAgTt] RiEh, SIERMEFEE BT 5254
L4EB O MSI 7— % T, [B8E X KTT] BEri o3l 4t % 38568 L 72 AT $EI8 N O R T O
FITH LT, B L IER M2 W Lo B & HEE L -l UE 4106, FEEHL & 5 L 72|
FRZ. 2334 TH o7z HfEHFE L2 EIEEMZNEIUIH L, 1 - T NDVI %5085 Dl -
E B RE R R, TR L Figure 8 1IR3 T IERHE T CTix NDVI 28 0.85 DL Lo [ml1 %A
0 [\ CTAMETTTIX 1 ERS o720 22Ty HWEDY 7 F V2B B LW EthikE &
L. NDVIDfEiA* 085 £ V) @ EIEAMEMIZ BT 1\ E &bz, SOt EMZS I &
&0 TEEEE KT BRI E N T30 OGS EyHIRT A2 L & L,
PDiEX Y, TEBEX AIT] ol g&rit.
Reyme > 04 2 Ray/ Rey>1.0 (1)
20O (1) O%FM%@EmE L 7zmFE 3 LT NDVI>0.85 AMER T 1 [Pl L
L7z,

4.4 [FFrEX it | M (CRIT 5 BE

42 0 [BBEEKIT] BHEOEROGIEETROEAL L WG 5. [FEEE B | ot o iE
PEIZOWTELET L, Figure 4 (al) TI11 H4 HIZEBEE oM FREINZ Enb, XD
RHPTHLI LD bNb. 11 AIH (Figure 4 (ad)) OWETIL, FHEE AT DN FIILIK
¢, 11 H 19 HoOWi{g (Figure 4 (ab)) Tld, IKBIZEGDMb 726 L 2> TEWDLH 0D,
11H9HE 11 H19 HDOAXRYZ bV (Figure 4 (b4-b5)) Tix, 10 A 30 H (Figure 4 (b3)) [
BOREM] DANRT MV EIRELD EEEICBW TR FRTH A, S NIR O U
TlE, WEPELZBIZONTHEIE L > Tz, 12 A4 H (Figure 4 (b6)) Tix, 10 H 30
H (Figure 4 (b3)) ®AXZ MVOIIZH EoTwWiz, Db S, BEEXOERIZ. 11 H9H
EI1LH IO HICARONS EHBI L7z ZOBITIZERBEE % 2 HMIZEE X OREBSEI SN TH
0. 5 HIZ—FEBIIIT % Sentinel2 i Tl&, [HHEXMH ] & L THRIBTEZ2WEMENH 2 £
Z 726 72721, Figure 3 (c) \ZRI Wi (city) DAXZ VO L Figure 4 (b4-b5) 134
o CT\w/z, Figure 3 (c) OJ)7% Figure 4 (b4-b5) & O WJ#SIZ B W CRHAFRIIE D TlEdH -
7205, B O EOMEIZE TND &R AT 2 D . Figure 4 (b4-b5) D AR
FVEIZIZE DRAC 2 20 REED D 50 LA L. I TIX 1 EROSFEIZIZE A EELE T,
BHO L)AL S ORWY 7 VIRl SN nwEEZ b b, | FEHOMAELSD Y 7
WOEALL RIFITMZ A Z & T, HE» O ORGHIIRETE L EE 272, F72. Figure 4 (al)
DOHE AR, [EBEX KIT] FEOR W [FREXEM] 2 IEAETH-725 DT, 340m X
340m O A4 X Th b, TOELWIHOFIROILEIZITRRO MR DEE S Tz, 2250 %
REDS 340 m FEE O V2BV TIiE, BIllOFLEIZ X - TE. COWEBOBNE 1 HH% & I3EH
ST, MHRMETNIUL, FOARY MUVRHEGETOWIZH L [HOEm] &I v 7 AL
oWFEE L CEI SN A REMEDSH D . AT MVOIGIRD S [H8E & B | oI B R 72
bHo ViEX D, MSI OZERAMERETIZ, 50m X 50m 2 50m X 100 m O A XD 2 & K+
FEeLCHllcx, [BREEEH] OMBICERTHLEEZOND, [BHEEKIT] . “active
fire” 70 % 7 MIIIFEBNE B X TN 5E720 258 £, B XA OHEE 128/
FEliE 72 b MSIIZ X % [BPBEX B OB CIE . BBEXIMAICB VT “active fire” 70 %
7 NEDERNEDRHHEEZ D, L LDV [HhEHM] Tk, B0 K] 2805
HBIFTld vz, S OMBEIRIEETS 2\,



Sentinel-2/MSI F—2ZRHW/EA 28 - N> D v —TMICH T 2FBEE ATEFZOME M4

5. £¢&8

[BPRE & KTT] DT ROR L . B P ] OFEFROFFHIZ OV TR~z £
DGR [EBE & KTT ] B OIS % Ry’ Rowm 25 1.0 £ 0 55 <D Ry 2304 DL E L
720 11 H 4 H®O MSI OffETafis( FRcdett 2 @M L, (B koo weffishzhbh L7zo [HbE
SKTT] ARSI, RELBE S T30 X9 12 THEES KTt OS2 BB T 2500 H -

7o 070, 11 A4 B2 [BEEXKIC] &G L7-EED 1 FH O NDVI 2728 2 A,

Ve DR ERICIZ NDVI A 085 LEDfli & e 5720 22Ty 11 B 4 Ho MSI 7— % THEHE & f5
O S 2l L 72 W3R 126 LCL B & JEREHA 11 A 4 HAif% O MSI H[{£X° Google Earth
5% TSR L7z Bt & FERMI IR SN2 ESE I LT, 1 4E [T NDVI Offin® 0.85
LD REVEIEZ /2K, 14E- T NDVI OfEAS0.85 LLEZ 1 L EE S b &2z
LI EICEY, BREMETHO L) iEO R VIEREZRET L2 L & L,

F/o, (B OFF 2TV h 7 —GRBEHEIZRE F 2IZREER L, SHERGERD 3
g — 0%, WHEHIH 2 WIZNERO [EE VB ] ERe o720 F72, TS AIC] PRl s
7211 HAHVKE, 11HOHE 1L HI9HD AR FVIZIE [HRBEXSH] E2 605 A~
FMUDBEII S NEB Y . SEOFITIZERES . £ 280 [THRIH] 2327 v 2 A8
HbHeEZLNL, T2, MSI OZEM R, 50m x 50m FREO [EPEE X i | b FHmk
THHSNG72D, 72/ 87 —DRe 720D ) BHOARY PUHPRED) H ) HBH3MEL, [H
e X BRH ] OMIICERTH B LWL 72,

AWF7eCid TEBEE KTt o TEREE M| 13, MSI O FF = 5 )V T — & TR & 7z
RBRIOTERNH AR NVOW T v T e ROz, TS KIC] R [HEEXHM ] oA
R7 MO E XD IEFEICHNT T 47201213, i ETOREREXEir iR S tofEtET— 4%
HCTAT ) WED D Do [EHESBR] Ot Grodue & THHE X i | R OHEE IZROHR
HE LT FETH S

ARFZEIE. NS L 7RIS & H BRBRBE A 78T O Aakash 7’0o = 7 b (14200133) D—
RELUTbLE L7z,

SE W

Cusworth, D. H., Mickley, L. J., Sulprizio, M. P., Liu, T., Marlier, M. E., DeFries, R. S., Guttikunda,
S. K. & Gupta, P. (2018). Quantifying the influence of agricultural fires in northwest India on
urban air pollution in Delhi, India. Environ. Res. Lett., 13, 044018. https//doil
brg/10.1088/1748-9326/aab303

Dandona, L. & India State-Level Disease Burden Initiative Air Pollution Collaborators (2019). The
impact of air pollution on deaths, disease burden, and life expectancy across the states of
India: the Global Burden of Disease Study 2017, Lancet Planet Health, 3, €26-39.

rg/10.1016/52542-5196(18)30261-

Dey, S., Girolamo, L. D1, Donkelaar, A. van, Tripathi, S, Gupta, T. & Mohan, M. (2012). Variability

of outdoor fine particulate (PM,s) concentration in the Indian subcontinent: a remote sensing



https://doi.org/10.1088/1748-9326/aab303
https://doi.org/10.1088/1748-9326/aab303
https://doi.org/10.1016/S2542-5196(18)30261-4
https://doi.org/10.1016/S2542-5196(18)30261-4

Sentinel-2/MSI F—2ZRHW/EA 28 - N> D v —TMICH T 2FBEE ATEFZOME M4 13

approach, Remote Sensing of Environment, 127, 153-61. https://doiorg/10.1016/
Lrse 201208021

ESAa, Sentinel online, Sentinel-2, https://sentinels.copernicus.eu/web/sentinel/missions/|
(Accessed 2023-02-21)

ESAD, Sentinel online, Level-2A Algorithm Overview, https://sentinels.copernicus.eu/web/
kentinel/technical-guides/sentinel-2-msi/level-2a/algorithm (Accessed 2023-02-21)

ESAc, Toolbox, SNAP, https://step.esaint/main/toolboxes/snap/ (Accessed 2023-02-21)

FEHTE— (2006). 1 >~ FOESE - BHBOROME, 17 FET 2 7 REM s et RS i
AR TR AT S

IQAIr (2021), 2020 WORLD AIR QUALITY REPORT -Region & City PM2.5 Ranking.

Justice, C.O., Giglio, L., Korontzi, S, Owens, J., Morisette, J.T., Roy, D., Descloitres, J., Alleaume, S.,
Petitcolin F. & Kaufman, Y. (2002). The MODIS fire products, Remote Sensing of
Environment, 83, 244-262. https://dolorg/10.1016/50034-4257(02)00076-4

Kaskaoutis, D. G., Kumar, S, Sharma, D., Singh, R. P, Kharol, S. K., Sharma, M., Singh, A. K., Singh,
S., Singh, A., & Singh, D. (2014). Effects of crop residue burning on aerosol properties, plume

characteristics, and long-range transport over northern India, Journal of Geophysical
Research: Atmospheres, 119(9), 5424-5444. https:.//doiorg/10.1002/20131d021354

Sarkar, S, Singh, R. P. & Chauhan, A. (2018). Crop Residue Burning in Northern India: Increasing
Threat to Greater India, Journal of Geophysical Research: Atmospheres, 123(13), 6920-6934.
| o BT ESRIEIE

Schroeder, W., Oliva, P., Giglio, L. & Csiszar, 1. A. (2014). The New VIIRS 375 m active fire
detection data product: Algorithm description and initial assessment, Remote Sensing of
Environment, 143, 85-96. //dolorg/10.1016/1rse.2013.12

Takigawa, M., Patra, P. K., Matsumi, Y., Dhaka, S. K., Nakayama, T. Yamaji, K., Kajino, M. &
Hayashida, S. (2020). Can Delhi's Pollution be Affected by Crop Fires in the Punjab Region?,
SOLA, 16, 86-91. https.//doiorg/10.2151/s0la.2020-019



https://doi.org/10.1016/j.rse.2012.08.021
https://doi.org/10.1016/j.rse.2012.08.021
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2
https://sentinels.copernicus.eu/web/sentinel/technical-guides/sentinel-2-msi/level-2a/algorithm
https://sentinels.copernicus.eu/web/sentinel/technical-guides/sentinel-2-msi/level-2a/algorithm
https://step.esa.int/main/toolboxes/snap/
https://doi.org/10.1016/S0034-4257(02)00076-7
https://doi.org/10.1002/2013jd021357
https://doi.org/10.1029/2018jd028428
https://doi.org/10.1016/j.rse.2013.12.008
ttps://doi.org/10.2151/sola.2020-015







7

{l‘i’* ity and Nature

Xnzanan o o (O EK IR 1 2 W S PR



