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W B FEERFERELE REXRT mHBNEEER ARTHABRD T EIZHAILKERKERM, AT EY £~
T13& R R R T E B A R KRR B IR E AR &N E A PR TR, AHE % & T Google Earth Engine F &,
FA 2R ERHIE, ERIT 2015-2020 FANLZ R oA 5 R L, 2477 B ESEQ~3 A) R A L E
X KK AEK ¥ JE E (Aerosol Optical Depth, AOD) . & #7 % 4 7 /1 (Gross Primary Productivity,
GPP). %478 348 4f (Photosynthetically Active Radiation, PAR). Hi 38 & A R & T 2 0 = 8] - F 44E, 3667 B 0 B #
TA/NE GPP IR B FHM . FARAN, S5 FRHAML, 2020 FH TR EHE, LB RANZ EE AOD TRT
23%, ABH AR R, SBE 4 PAR 1K PAR 4 Al F LB FR T 11.1%77 4.8%. FI R [EM 2 X% T 5 F4MH, HkEE
EARFF, K% GPP HK T 30.1%. AEEFAA/NE GPP Wzl 711Kk H k6 4 48 41(0.495)> & T £(0.399)> A A AE K
K% B E(0.239)>H K IR B (0.092). EIFHE, KAABKIIBHEEGHFES T NEEN MR A/NEZ GPP W EE I 2 FH F,
FETME N REHEHET.

REEE: Prdsets, &/ #ALHhX; AOD; GPP; PAR
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Aerosol variation and its effect on winter wheat productivity during the
COVID-19
DU Yanyan, HUANG Qing, REN Jiangiang
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Key Laboratory of
Agricultural Remote Sensing, Ministry of Agriculture and Rural Affairs, Beijing 100081, China).

Abstract: After the outbreak of COVID-19, China has taken strict control measures, and human behavior has been greatly reduced,
likely affect the change of atmospheric aerosol concentration and crop productivity. In order to study the variation of aerosol in the
North China during COVID-19 and its effect on winter wheat productivity, this study extracted the spatial information of winter
wheat from 2015 to 2020 and analyzed the spatial distribution pattern of winter wheat Aerosol Optical Depth (AOD), Gross Primary
Productivity (GPP), Photosynthetically Active Radiation (PAR), land surface temperature and rainfall during the period of strict
control (February to March), based on the Google Earth Engine platform and multi-source remote sensing data, and used
Geo-detector to detect the driving factors of winter wheat GPP. The results showed that compared to the same period of the past five
years, the AOD over winter wheat in the North China decreased by 23% during the COVID-19, resulting in direct PAR and total PAR
increased by 11.1% and 4.8%. Rainfall was far higher than the 5-year average, the land surface temperature was nearly identical, and
the GPP eventually increased by 30.1%. The driving force of meteorological factors for winter wheat GPP is PAR (0.495)>rainfall
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(0.399)>A0D (0.239)>land surface temperature (0.092). Aerosol changes during the epidemic increased the productivity of winter
wheat in the North China. During the epidemic, changes in photosynthetically active radiation caused by atmospheric aerosols were
the main driving factor for winter wheat GPP in North China, and rainfall was the secondary driving factor.

Key words: COVID-19; winter wheat; the North China; AOD; GPP; PAR

2020 4E 1 H 23 H sy i PR3Hr 8 et )89 35 fifi ¢ (Corona Virus Disease 2019, COVID-19) % 1 5 & TF4f“ &
W, & 25 HIRE O A 30 M HE X EAREshE KRR A A —RmW RN . A B R #,
FHEUR RS R RS, B ARG KEAREEEE, T TE7, SARTFAER . 752 E A RFAR
NN, T 3 FIRAEEEASR S, FRIEA AT B, 4 E & sk = A A im ik e, mix
BT, BB B IO R OR TR IR, A CNTE Sl KRk, 4 EASE  H R TSRS Y LA
T 28 R A05 e (11 PMas. PMigs SO CO 253k 2 141 15 2 AR, (45 K S0 IR 1 T SR U545 B4 )

KARVBR R BT T KA, KRN T 10°~10% um 2 18] B4+ [ 245 BB THORE T 25 B PR 43 S
7, BARTERSH B, HHABERON 53 H A 2B, et H BRI R 555 AT FH 6 55 B R i 2
B2, M HE S R HIRE B AMID, 3 1) 7024 SRk EE %, SRR 2R, Rtk, KA il &
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TRNIE, #R TR AEH, XTI & R AT, 2 F R VTS A5 8508 1) f 1 B
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BRI 3 RN A AL TR], A7 TR 3@t e A B T [ A AL S &, B e T WIIEEA
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R TH, B KR IR R R AR R 2, GPP o A VA JR A 280 f i J32 g LRI AR 25 732 e
1991 4F Pinatubo ‘K L&, FKSIENT 20 Mt SOy, TR T BRER Ei AR, 4SEK 2.5% 1) K BH YL #l i+, 15
FEBURTR AN T 20%°), A5 H SR, 12 B o A5 A ER AR BRI 1 ™). AR 2 & B, 2006-2015
R RSV 0 LB R0 Ao 3 [ i M 2 5 22 %% GPP #2785 0.36 Pg C ™, L5 T A AR gl SR —
SeRF R, RIE BT AR R T T H R BT ARG R P DA R R AR, S R e
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SIRIEE G, RetEI> 28%~49% MK FHARST, 153 b B KRG AN ZZ IR AE A 72 )1 K200k 45% 1, S5

H KRR R R R 2%, N R 8% L K 1] B A M A, BREAR A S R G4 115 AOD
s —3, RREFEHTAIERY, X R R ER KR IES R —, F 2R E KRR

5 B fo e B A DR, R R AR VR S ) ML R s . 2~3 b X & /N TE AL TR 75
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[X 2 /N X AOD. PAR. MR JE . MARTE M GPP ik 2 AR R AR ST 200, P4k b vk 2 4 %F K
RN TR o B4 AT E N KRR RN AN A 7= T R R G R B — AR H, x4
TATA RN S 0 RN 1) 5 B A B s = 4
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W 1 s AL X AT T 5 22 11091231046 31943 <M i FH %) 54.21 J5 km? 2 TR E A2 — KT
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1 AREXMAE

Fig.1 Location of study area

2 BIRFEE

2.1 KRASBREAE

2015-2020 4 2~3 H AOD #i# >k H & [E 5/ /5 #] FH (Moderate-resolution Imaging Spectroradiometer,
MODIS) % [ 28 2 38 BT 1558 7S 7 MCD19A2. %3 7 2 3 T MODIS 55T T 4 1 2 i1 KSR IE
S5, IR SRR B AR A TS, S E o2 1km, FRATIEHEL 550 nm 4L AOD #ATHFTT. At
FEFE IR /NEME X L2 AOD ARLFHIE, &/NERIUEE B G o HAR, RIERER . T
PREEZE GO S X FIRT SR W, %77 i 5 3k A b X 9
2.2 GPP ¥

2015-2020 4F 2~3 H GPP i >k [ 35 E 75| Ff MODIS 1% B 4% S i AT #3268 7S B D 72 il MY D17A2H,
ZHWE S R MODIS VB S A . AR, e A A GRS E . DAO IR RS, WA
FCRER FHRBALFTS, SR N 500m. LT IGIE, %505 5 E B E e — Stk m, W T
[X & /N 72 7 i e 0,
2.3 BB SRS S

JeB B RARE S, AR PG T RE Sk R T TR SRR IR 4 e, EZ4EPLE 400~700 nm,
MR RGN B B EEIRKE R 7, EEMERASRGNE . AP RCRAEE TR =
5 4 BR4E 5T 5 B A %8 (Cloud and the Earth’s Radiant Energy System, CERES)I H 747 ¥y SYN1deg %i#z Y,
T HER N 1S a8 T BHY PAR FIEUR PAR Wik, S PAR 2W# 2 M. H¥HE Zhang X %5 A\TE
o [ (RS, 2B S H T O B — ot i P 28R A [R5 ) Google Earth Engine “F&, JRA%L
#4 NetCDF #& 2, TATFIFH T MATLAB R2016b #E47Ab 3, B b AL 3 = G 34T 23047
2.4 [EWEAE

T 5 [ 7R K3 oK [ 4= BR B4 9 1 750 H (Global Precipitation Measurement, GPM), %584 #5% 4 0.1<
GPM &4k TRMM J& i —CBF A P2, B TRMM WSS E T, 293R8, H4E Y RHAA Chen
F R 25 NFEHALHE X (RS B 1TEAf, GPM B4 S S0 s s BLAR T TRMM, & I T A 7e 2324,
2.5 HbFRIRFEEAR

ASHIF 90 i 2 5 P B Sk MR 2 2k R KL T MODIS $dE, I B & 04 (1 MOD11A1



P, AR L km, RSEEHIE 1K LN TR R TR RS FMES U AIRT A .
2.6 A/NFAE G EAREL

AHFFFIF MODIS 16 d & 1 250m ) NDVI ##54 MOD13Q1, & 1~6 A 12 /MBI B 34T
He b [X A& /N 28 ) R AN . 14 5648 T (Savitzky-Golay, S-G)JEi 544 NDVI I 8] F¢ 51 8, I E 1A
5, LUHBR = AR ST B s . 5 8 B bt X 45 B S Rk, /NG INAFAE 2 5, [ NDVI
) L ) R SR S U RE VRS . &/ N AR IR T - AR 2l B, IS Bl K, BRI,
RSB AR R D, YRS S NDVI 3020 PR T R UL RO PR B, BORBR AN 2 BT

MOD13Q1
NDVI

A
S-GUE I
Reconstruction of NDVI time-series datasets based on S-G filter

A

HENDV o LR 5 VHERR = AN AR MENDV L
Search the NDVI maximum value and its index i Calculate the NDVI minimum of the last three phases

Ye: NDVlmax-NDVIin>0.3

Yes No

l

B ICNE N
The pixel is winter wheat

NDVI(i) > NDVI(i-1)>
No NDVI(i-2)>NDVI(i-3)

BTN
The pixel isn't winter wheat

2 FphETESHIRIER

Fig.2 Model of extracting winter wheat spatial distribution

2.7 WHRITIE
AW TR 4 B ER 51 % (Google Earth Engine, GEE)HEAT $d AL B /041, GEE & — M3t T =it
SRR EAR T &, 206 7 iR AR (8] 77 5138 8% TR 250 AN L pdock M O U 25 i i 7E 3T Web
) IDE 4’5 JavaScript 271 A APl 1975 24T, X FAEguE B b3 75 X, BUR R B A
BY SRR AT PR e R, IR R A i T R K K
AR FUAS 22 R R B, AP g — S AR R S () A R, B O AR (A SN R SR R
FER 1km, FFH5E 2~3 A¥ME. BRAEILHLIX /N FE g i JR R, [F)— X IR 06 2 S S Fiae, fR 4
KOFEANTEAFH] 7 2015-2020 F 35 F0HE 4 /N2 B X3k, 4 I DX 38 1) 4 N Z2 AR i ST 06 5
Z= 125315 P 1)
Hodp, i REF, PR PBITH R FIE T &/NE, #7 Z=1 KoK 6 FF ] B Fidd 7 &/, 7=0 &
TN AP — B P
FIFHHREL 2015-2020 4E4&/NE23 [AME E, b AOD. Je&A RdE ST iR . FER & GPP fii i
LEFR, A5 3 /NERRE X AR N BOE . 4 EE AT 2020 4F 2~3 H it 5 AERMIR AR, T 8BEIEE
15D N R R ORI e SN aa R} - AL R
=" x100% )
Horf, Fagpo R 2020 42 2~3 A& FAEICHLIX ¥4E, F AR 3K 2015-2019 4F [FHHIME, a NHIXT 1L
AHFFAE T HUERARI S, B T AR FAHEIL X A /NEE GPP S o M ER R 8% A2 T 2hik AR
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HE PR R 2 ) S o R LY SR BRI — G it 2E e, H O BAR R T IR REANEEE
S HEAN R A A EE BRI, IR 4 1 A B A R AR (0 4% ) 40 A R B AR, 4R GPP SR TEL
KIEEE MR T oz |) oy A, M g ERERE, RIAWT:
qzl_%zl_ZhZI\;:zhaﬁ (3)

Hodr, SSW T SST 43 HIl X N J7 ZZE A X T 2. h=1,2,3,...,.L 5250 Ny NE R B I0E, N N2 X B
#, AW N=5468, o flo243HINEE h EMEXTITZ. q E7E 0 ] 1 200, BOKERRERE /s8R, o7
MRy, oz RS

H PRI B0 A, 75 2o BUE A B AR BN RAAR &, AR 7T DL E AR ) — 5 bR 2 N (AR T
34, Hid AOD 20 7 2%, BRRIRY N 5 2, W20 A JEE S LA SR IR 4y N 6 K.

3 4R
3.1 AL X AN 2 ) 73 AT

i 3 s, HACHIX AN E 2 E Ak mARE . Eg L, WA & /NEEPIAE R, BR
IR, R ARG VUAL- VIR P SR, U DX AR A AR AR SR b . 1 2015 AE SR ER S RAEATHE

FEVEAN, 7E Google Earth 157> #F 5 1 SR 5 G E BUA/AINGERE 05 1122 /), FEA/INGZ 337 S, &I IGAIE, e AR
H 86.7%, kappa Z%H 0.6,

3 2015-2020 FAEJLIX /N E 5T E
Fig.3 Spatial distribution map of winter wheat in the North China from 2015 to 2020

3.2 s A AOD ZB L ARAE

e 4@)fFw, Hik k5 ERBAEL, b X A& /NERiE X AOD &4 i 3 F#{1% . 2020 4E 5 175 3 [A], 4¢
JEHLX A& /N EFHE X AOD 4 0.46, %% 5 4FH4{H 0.6 TR T 23%. Bk 7 rARHAHL . T 5 IE AR, AR FA &K
JEH AOD 7K, oAt XS AR A B3 IR AG. 7RI AR AL, L5 AOD B#MIK T 40%0LA I, K34y
SNEMHEX AOD /b T 20%~40%.

AFLAE Y, H T A TR ) A R AR AR B R RS, A RIS S A Dl AR R KR D, KRS
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SV, AOD Xt HIR RS, KI5 Rl U KA o B HE LA AL T BRI, felpRa. 1t
R B R AR T, RS B R OB I R RS R AR R A T 50 B, 34 X,
AOD Hesh 3 i 3: 2 J5L P,

4 f%1&EAIE] AOD =8 4375 [
Fig.4 Spatial distribution of AOD during the COVID-19

3.3 EHMILL SR SE 1L
3.3.1 P& EAHL R IR EAL

W 5 TR, P47 HA TR A b Hh DX A /N2 b X % T 2 25 ) 40 A 22 5 ¥ 3, 2020 4 [ izt i T4 4F .
1R 2 IR = AL 0 A S AE, T FEA N 97.84 mm, HLILARE L T 29.74 mm, AL T 48%. 1L
Hi[X 2 /NFEIX 2020 4R BATESE 2 PR R B 76.3 mm, S2id 2 5 AEREIWIN 1.4 f%, Hodhimegded, iAdb
B bR R R R T ER 2 554

P25 17 B IR A b X A /N2 i X b R I P A AR AR B A e, PR ERIEE N 15.9 C, F#IKT 0.3 C.



5 ZiEHES N NEREREMEREETESHE
Fig.5 Spatial distribution of winter wheat rainfall and land surface temperature during the COVID-19

3.3.2 PAR %51k,

P 15 WA /NG RdE T AR, PR AR i, B 2 5 IR, BT PAR HY5E 1
11%, #UH PAR 55 T 0.8%. 24 AOD Jik/N, PAR i JLmi v & FLBURR, BT RS HIE SR TRk BEFRAIE, KR
ARSI, RSB ER AR, BAA/NERERDCG A SR B RS LR, X HE 4@)5
6(C2)AOD [ REMEFRA, & PAR HE MK ) X 15K .

RERREF GRS AR ERWEEIER, BT EE B T, NRESh KRS, KRB
WK, BHER G, BARERCEABGERNEL, 2~3 AIEATANERE-HTH, TEKLEH
BARSARS RS VOB EREE, AR TRANETWRIIR, &L=,



6 F&iEHIEIE /&L PAR =BT
Fig.6 Spatial distribution of winter wheat PAR during the COVID-19

3.4 FENEIE GPP 224k,

WP 7 B, CHIK N GPP b BT, K EEARR . 2020 4 IbHD X 4N
GPP 9 173.9 gC ™ a7, 45 fF#4{H 133.7 gC-m™ a7 < T 30.1%. U 3E GPP 4K T 55.2%, I
RO B T 33.99%, 24.7%.

7 &iEHIEI & NE GPP E[E 53T
Fig.7 Spatial distribution of winter wheat during the COVID-19



3.5 AT
* 1 SRSHXZNE GPP HIEREA

Table 1 Explanatory power of meteorological parameters to winter wheat GPP

KR e = Ve s sl ;
Me;iTﬁcal JoE A RBES e T KRB R Hh R
9 PAR Rainfall AOD Land surface temperature
parameters
q 0.495 0.399 0.239 0.092

Rl R EE R EB, FATG N T 5 NEEF= R R . &6 38R >HE N E> KAA
WG R SRR, Hp KRB RO R LS e A A AR s E BN R, 2miEgm GPP
FIR &, BRI RSB R RS H RS A R B X & /N GPP [ =B RB) KT, W=
TSN AT, MR IR IR iR
4 11

IR 2 fow, IR AL X A& /N R s X E 25 AOD B&MIL 1 23%, /N2 GPPHEE 1 30.1%, [&
TR IE AU O S RO S R I SE, HAbh RS RN T KA B E AR T, RN ERE T
1.44 1%, Mff] PAR F1E ST PAR 2 B E 1 4.8%F 11.1%.

*®2 BiEHEL N EXRISSEH

Table 2 Agricultural meteorological parameters in winter wheat area during the COVID-19

TERSH I 1] prge i th %R ] e X
Meteorological parameters Periods Beijing-Tianjin-Hebei Shandong Henan the North China
2020 0.38 0.45 0.51 0.46
Aob FHXT AL
%} AR
Relative changes(%) 29.7 229 20.0 23.0
2020 15.8 155 16.4 15.9
HRIRE(C)
Land surface temperature FHXAR AL,
Relative changes(%) 69 20 090 28
2020 39.3 68.1 97.8 76.3
[ /R & (mm)
Rainfall FHXAR AL,
Relative changes(%) 130.8 162.5 143.3 144.0
2020 715 76.3 81.9 78.9
S PAR(W m?)
Total PAR FHX AR,
Relative changes(%) 53 36 54 48
2020 377 38.9 41.6 39.8
B PAR(W m?)
Direct PAR FERAR AL,
Relative changes(%) 12.8 5.9 14.6 111
2020 39.8 374 40.3 39.1
st PAR(W m?)
Diffuse PAR FHXAR AL,
Relative changes(%) 05 16 26 01
2020 127.5 147.6 212.8 173.9
GPP
(gC m2 d™) SR
fil 2 55.2 33.9 24.7 30.1

Relative changes (%)

WA, PRI X AOD FAK T 23%, SIAMTH YG/E Es, S PAR FIE S PAR A T
B E, &/NENEERE G, BWEZmT 5 FIME, MREEEARE, ZFEMRREMHT, Hiih
X & /NFE GPP #2151 30.1%.

MG SRR E, SR, ILARE. WA AOD [£im# )k, GPP ElE#IE . (H7E Frd & AOD =T
A, HA/NEEP RIS T, WRAEE 5 KB, ORI X R R %, MR T R 5
KX, FReb TS BT 51 S R S 9858 152

M FHRM SRR, EE R /Mg GPP =B IK) Jy & e & Js T, MmEIRZ,


User
高亮


MR E RN H5id 2 5 R, BRI X RS E IR S B B, Wi A B4
WERDEA ARG RS T G EHRE, RN ARMFET, &m&HRE 7 4&/NE GPP, HiFR
M RFET B E G 85 R, WS EML, A REER S GPP 73 (8] /0 A REAE AR B 58 iy, R
JISE R A TR 2 U B R, i 1 A AR b X ORI I AR A B A& /N B2 AR 7R T RS
WL — e T RS A EY A7 J1 32 NIRIE B HIs2 . AF 3| | —Leghig, (HA L n) Bk 77 IR AT
Fo

AR RAMERH TR RSTH PAR B, BEARGIBR T =T, 1RGFH B 70 I HRH RN,
{HE GPP $¥5 2 8 d &k, FFABEIRAE B 2 T &N E AT 1. BT CO, Bk i i & Al
o Vu R R, ELAE R R B L8 CO, MRS . B WIE] PR I & = TR, $2m 7 &N
o [ R AR 23 L A8 25 Wk A B M B R A S B2, Rt 2 KA R A T AR . AP
52 5 FEERXTEL, DUARIRS) BRI, RIKARIE IR G R G A A SRS AR A 2 e b L IX A& N7
GPP MR ZIRAN ¥, {EJGELRIitFird, AR S SRR A Re R 2y, B 7T KB
K INFE GPP HIF

5 g

5.1 HITHIrRER R, KA R SGE, BRI X &N EZFEX AOD 54 [F HIHH
FERHR PG, RUEdEE RN R

5.2 MRJbih X SEIRIERRAR, FECRARIB R CEFIRTS, J6oa ZUE S LB 15 o it s
4.8%F1 11.1%, &/NFEEFE LIPS, GPP & T E R 30.1%, FiEFMXEEE T 55%.

5.3 RN, KAERSIREESE B R AL HLIX 4/ GPP [ E B IKBh AT, B B NIR
IXAN R F

Bugst: AWTTEA T NASA $R4E 11 2 U5E AR, R 3 Y
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