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E F Google Earth Engine F1{E ¥ BV HIE L
RIRSEX K E LN

g ELK ALRKRER VBRI FTR EER
(L RS 5 PP AT 9 M e P R S R T 90
TSNS A HIRLE48, ALE 100875; 2. oh SRR ALY S BB

R A A 5 5 BT 96805 L5 100101)

TR AR B R RN SRR R, AR XA IR IR YA T A P R e el o T
TAFE I, T BT RN RS BTG (IR 3 SR AR R sk & AL - I g . A
SCRASRAEAER R B, T — R TP AR Y X K AR P AR . RS B i
X AV FE AR LA AR R 19894 . 19954F . 2003 4, 2009 4- 12018 4F 5 SR H:FAHh
1kJi CROPGRO-Soybean #7152 512 21 {2 3 1 HH [B]45° BEAH A SRS & s HORKEE T 1600
L ALFE 3478 b (A RCBRIE 1 (CDD) LA - T B B8 B0 (LAD) = ) BOVA 3 g 55 1
7Y 5 5 J5 HKHE Google Earth Engine (GEE ) - 3124 T HE IR & A A= B 1A i 7 11 P iR i
Sa S HBEFE L (WDRVI) K37 (19 H 91 (DOY) , ¥ WDRVI 4L S R G B AE S 15 A S FR LAT,
45 5 Ve E IR S PR A AR O B P M R, BB T O KR
CROPGRO-Soybean # B fE & M MER ISR 8 FE R R PR GAR AT S/; @ KE#
T A E WIS 5 (1~3 °C) A8 I B HL R 3B 1S 5 (4 A= 7 WYL A il 22 5 H iR
Ji 20 °C) BB R B2 K B J7 5 ¥ 5 4E 1989 4F L 1995 4F 2003 4F 2009 4 - 4 Uil 7= 2R 24 Ny
9.6%.29.8% .50.5%F1 15.7% , 552 F5 6.4% .39.2% . 47.7%F1 13.2% A8 2840 L , 18 = KB TTA
2E SR LA B IR 1 LR 2SI —A5 07 22 AN @ 38 FZOTIE Tl 2018 4714 3 H [a] RUE i 7™
PR, IR Sentinel-2A SR AT 10 m =AE EE I, &5 R W/R 1207 RS DL R H 1T
A AS ) RUBE AR IR 3 DI L, ARG 7 LA R A A0 ¢ A Al Bk S5 Akas AT 4R T
B S
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AR ELIERIE | RIS TERYITE . 2019 4F s — S SO S R G PR 4T TR R ik
MATEN” VRN REE S BfrZz—, WK EZEAEY KRS, #Eii
PR ARTRIEHE MK SR S RIURIE, BUe iR E =, 5635 KO H AN ECR o
HALMIX P E KRG K2 —, RILKE AR m A= A E 2 E ), Sk
SRR TR AR R 173, TR E RS R R T A A I R A

EEREALRR S, BREDAERKFAIGEGEEIARNHE, 2 g Rk/Ey
FhFEAT B HACR FEY 2 S R A AR TR RS KW, (RIS B AR SR T b 5 & A
Tl A K E , e R EOZH X AR T AR 5 R 7 R T, 1951—1980 4F 74 &/
SUKHLHEVSE, HH 19694 | 1972 4EM119764F 3 K AIKIRE 3, FEUWEYIR™2) 57.84C kg™,
RACK G TE S 2y, RIS F P £ 5 A IR, R e A= 1R 3R 2
HER AN IR AR IR R, A mA TR AAKAR, MBS Mmath, ey
SRRAR R G A = AL B RO, DR Wi VA AR B I TRD A AR IR A S U e
A AT A

] N AP 22 ST RV E AR v 35 0 W R = s A 3 S ITPA AT T T 2 b gE, SR
YRR T Ty 1k R T vk o BOSRARCHE J5 VR WA B R % S0 Lty o5 RUBE 992 35 1 e RS 4L A
5%, H X YR R AT v BT T R X B3 Bl EL ks 40 %) b T R i A 2 (A
PRk RBREER . LA EEROR TR S) o X S EE e, SR S, (1
M TR IREE R ARSI, K sl i RUBE B o7 FH 31 DX A 7= b fo 25 7= A iR 250, 3k
VA B WA 5 5 B R A e e S T BRI i AR B A8 AR AR O, m R e SR
P S SR B, A M LI R, A IR B AR R IR A B SR E R
I Ja R FEFE AR 5 Z AT = B T T . BB R BARRE R S, (HOR 2
I8 KIRAR 52, 2SR ALRE N8RS, AN THET o Besh, HErE S R b X 5 K
IKFE RIS ERFTE R 2, (HEXR G AR EF S AR R D o FF Bkl P
B L ITA 2 A X APV 36 6 R G P i A S T S A0 s )

i b, G5BV R B Fh 7 VR W D0 S A T VE A = R DAL 2 S mT A AT Y
P E A8 —, Google Earth Engine (GEE) #%t1 ¥ &op 3 L 52 (0 80 b I HoAA 5 K i)
BARAEAE S =i ERE Y, YEYIEA CROPGRO-Soybean AESNZS B LML 2 K T AE KK H
=g it #, B 25A h RGAR B W RN ¢ i R PEA S48 T Rl RN, ARSI T
GEE - 5 J1:4% & CROPGRO-Soybean VE 5 A 43R 41 HH —Flv bR () . 5 XS IR A &
X R A PRSI (PR D o i X R B A KA AT AR AL 2, B [ Ve I
FE R GA EME ISR, A5 20 R B BA% S A= R, e B R oT kT
KRR, DU R GAG 7= DA AR IR F e PPk SR A8 9 B AR Rk

2

2.1 FAREXER

GRS TR HIAD RS20 Ll PG AU, o7 TR 420 Ly 3 ) WA DL R e - ik 9 b Bz
T 48°50'N~51°25'N 1 121°55'E~126°10'E Z [11], LI FRZY 6x10° km?®, ek i AL 2y
2.1x10° km?’, HOIE LA . Al AR, AT, B TUAN S FE A X . SRR
TR 2RI KR P A e, DU A IR-2.7~0.8 CZ 0], H VP m 4is
L1 A RIREAR T A-30 °C, A MR E TIA37.5 Co TRIEA95 d, 4EREK
15 459.3~493.4 mm. KEE/N, AFERGE 1.8~2.9 m/s, EFERNSE T AR XK ESBEE
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e R, I RE 240 kg, KR
DX i AR ) AR E (1)

2.2 HiESTiAbE

2201 EREE EEAATE. ZUMEES
ANEEAR, BRI RAG R, 1R
Py A A W RN e R R B RAE ™, TR
GEE ¥ & I, Landsat 5 # 3% Jz & K 5= &
(Landsat 5 Surface Reflectance) #iI Sentinel-2A
M & 5 F 7 i (Sentinel- 2A  Surface
Reflectance) T &IHRHIHFIE . JLAIEFIEFIRS

A LA ‘1"
W I SRR TAL B B STl JavaScript APITE 4 TR ¢ Nkm
e O AR I MK K B A (59 IR
H ) Ij‘] Landsat 5(1984—20123S , %'mﬁ%ﬁ 30 Fig. 1 Overview of the study area

m, F 5 EI N 16 d) il Sentinel-2A (2017—2019

A, A PR 10 m, SEUTEBINS d) AT G, ORI M 3R R R i ) o
HEEH (QA) W Bt T 43 (Landsat 5 #1 Sentinel-2A 5244 10 2 =AU 4% 3203 71 R
https://code.earthengine.google.com/dc10f7a140c2fe51aa30-dfab08 #/l https://code.earthengine.
google.com/6¢7863acf90a59607fd4ec2cdbbeadde ), £t DA I FlAb# 2 J5 A et AR 15 -5 i i
SN 2L BE R s 150 I 2, T RERR DA R FR 2L

222 SEEEM TR 19812018 4ESMR AL H V- o . RAVIR
FE AN H BB EOR H T REX S 445 B 90 (National Meteorological Information Center) ,
KBHEE S 2% Angstrom" 15 75%], CROPGRO-Soybean #7338 45 A B HEARHL F H
E + R 225 E  (Soil Science Database) , G745 H . A HLIK . &% . pH MR,
R FURPRL I B A b o 3R IR, 2R3 1 FIHE/K 25 B8 Hoogenboom S5 A2 At 3
Ao MEAHEPRA IR T (SLPF) 3K 1.0, #Iih 38 /K H EIREKE
223 i F BEEEFBERSTMEIE  SHCE 10 m YRR AL R FELR A Ak oy
FI1 2014—2017 4 6 4 FHESEIE R IR T2 o ORI A w] o ansk 1, K2 s, Bl £
AR RN E, KEARKEARSE (WA . P EE5HRUE BRG] 43
B (BIE. BRuE . JENEAMARSE ) . 1981—2015 4ESPEF B 2 7= & 5 e IR Tl &
R A P R] (http://www.zzys.moa.gov.cn) FIN S AT GEit4FE4E . MFoE X . B
2 BRA T B XA R IR T R B SR A S B =P & (http:/www.resde.cn) 1Y 1:25 77
BLnih i PR BB, BURPCE ISy WGS-1984,

3

3.1 AEEHNBE

B Dy SV FAR R AT FERUR AN SR — 20 . FEARSCUT, SRS IRE R T
HIPRIE . B RE AT 5—9 H AR (Growing Degree Days, GDD) [ &L FIIK
T D3 AR E 100 °C HAZAFE R GAR P A TR0 1A JCRAE AR A e e
G ARSORXPR FHEPAIX 5y, HORAIW RS EZ AR E, B 20T 0L, 1988 4F4
20184F, FHIREE(E/NT-100 CHIAEMYA 19894F . 19914F . 19954F ., 2003 4. 2009 4
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F1 SEHFANHRHNERER

Tab. 1 The basic information of six crop fields

BAMER TR MK A EEN JyAH] INEE
ZIE(°) 124.42 124.49 124.49 124.42 124.11 124.17
i) 50.10 49.97 49.83 49.83 49.4 49.7
R (m) 486 393 380 365 381 447
v L 38 e 3s HES50 HE2S HE39 Y18
EN e ik i Pz CRAES RRE rhiz
Fed = AR E S FSii ZEAE A% AR

R2 o MNHRKXBEFH. MEREN BN LR

Tab.2 The observation information of key growth period, planting density and yield of crop fields

Ay pUNIIES € AN LK F5- 8] EEN JyA UL
2014 &R0 E 516 H 5H18H 5H1H SH18H 5H28H 5H11H
FEAE 3k 1A 7H14H 7H12H 6H30H 7H6H 7THI18H 6H30H
FEAE I 9H26H 9H28H 9H18H 9H28H 9H28H 9f24H
A % BE (PR /m?) 39.69 30.42 47.73 36.75 37.98 38.47
74 (kg/hm?) 1160 1350 1650 1150 610 1050
2015 FEFPH sH16H 5H16 H 5H28H S5HSH 5H17H 5HI18H
FEAEE i 1] 7H16H 7H10H 7TH2H 7H12B  7H16H 7H8H
TEAE S 9H 16 H 9H 14H 9H28H 9H28H 9H28H 9H8H
A %5 BE (Fk/m?) 47.94 35.6 38.18 26.24 25.84 28.58
77t (kg/hm?) 980 1100 1410 1030 510 860
2016 FEFHI 6H6H 5H16H 5H6H 5H22H 5H18H SHI18H
FEAE i 1] 7H20H 7H14H 6H28H 7H28H 7H2H TH2H
FEAE RG] 9H30H 9H26H 9HISH 9H30H 9HI8H 9H14H
A 25 B (FR/m?) 32.97 30.55 40.04 429 40.8 35.82
774 (kg/hm?) 1280 1450 1850 1370 670 1110
2017 FEFPH I 5H24H 5H23H SH21H 5H18H  5H?24H 6H2H
FEAEE i 7H8H 7H12H 7H2H  7HSH 7H1H 7H14H
FAE R 9H28H 9H24H 9H22H 9HI18H 9HI18H 9H24H
FIE S B (BR/m’) 435 35.76 27.56 36.9 40.6 52.36
74 (kg/hm’) 1350 1500 1240 1500 750 1200

FI20184F, X 5ikMEA] 2017 AN A TRE T AR TV FAEFEAR —F™, (HSZPR 1991 4F
SRR G A 1 R, R SCH BE R 1989 4F | 1995 4F | 2003 4, 2009 4
F12018 4 SRAC 75 i X IR IR 2 T A . Al B BB BT —4F (1988 4. 1994 4| 2002 4F |
2008 4F-F120174F) VERTCHK AL TR L34
3.2 1REV AL

1% CROPGRO-Soybean PN % 75 DSSAT 4.7 4, T )12 i F T 548 b i K w2 4R
KR BRI, £ CROPGRO-Soybean AU, 1545t 240 (F3) WLARAE 1144
o AR G 2 1 2014—2017 SR B8, BRIt e 280, Bk QB e
1 6000 YK, 3 T DSSAT # %l [ 4 i) GLUE (Generalized Likelihood Uncertainty
Estimation) FEHeHE K G A S50 Hod 2014—2015 4F 52 I 854 F T 455 8 60 4 1
2016—2017 4EVE ARG IAEAY o AR U FT X 6 A~ HIBR A0 i Rt e 240, BeJa R 7
MR i% 2 (Root Mean Square Error, RMSE) FIAH X} ¥ 77 #R i% 22 (Relative Root Mean
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200
@ AEFE
vz GDD
mm GDD(> 100°C)
I GDD(< —100°
100 GDD(<-100°C)
9
8 o
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B2 ARICH AR IR S AR
Fig. 2 The cold years in Northeast China

%3 CROPGRO-Soybean ##E S50 HF ERIEHIEESE
Tab.3 CROPGRO-Soybean model parameters and the genetic coefficients of crop fields

2R FESL BOME WA 2 FER R TIRE NER
CSDL It %6 H 4 (h) 12.15 14.03 1223 13.06 1458 119  14.03
PPSEN A K& B AR ARE (/M) 02 0235 0294 0287 0229 0.146 0304
EM-FL P EIFEHIY R R R BR(d) 21 13.09 1833 1546 1653 26.14 22.74
FL-SH B — I AE B — Uk 25 3EmFR] [R] B (d) 6 6 6 6 6 6 6

FL-SD S — U AE 32— 25 S ] ) B () 12 19.82 21.06 1842 1839 1126 12.06
SD-PM 55— UHEFP S iz i il [l (a1 (d) 26 37.56 245  36.63 3127 2225 3433
FL-LF B — WAL RN 45 1 A A B ) (B B () 20 20 20 20 20 20 20

LFMAX ki BBA#iZ% (mg COY(m’ s)) 1.03  1.023 1.052 1.034 1.011 1.196 1257
SLAVR  fEARUEAERSAFT, SRl bt (em?/g) 385 3112 303.8 301 317.6 3379 301.1
SIZLF HEAN S IR e KT AR (em’) 137 1381 145.1 138 1412 1885 2176
XFRT B HAER P RCAF T RSMNE R H 1 1 1 1 1 1 1

WTPSD  HURifh i i KH it (g) 0.155 0.162 0.157 0.161 0.181 0.195 0.186
SFDUR [T JEPAPRLIER FR 2 R A(d) 22 2542 2488 2422 2536 21.62 21.94
SDPDV  FRifEA R &1 T IR (€50 22 2415 2276 209 224 2397 1.79%
PODUR S/ E KM, SIS5 MR R E(d) 13 13 13 13 13 13 13

Square Error, RRMSE) Xt AT (ALY ) A= gk ity A DL -5 S5 DL 14 D

22T T
_ 1Y ’
RMSE = E;(S[—O[) (1)
%X(SI - Oi)2
Nt (2)

0

Kb O S A A FEME ;. Ou WA s n A
3.3 FERKEE
KRG B RMEEFEES S E. O HTKUES K CROPGRO-Soybean £,

RRMSE =
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FEAEL 214 1l A AS ) A A BRI R S e s i i, M BV 88X (Leaf Area
Index, LAI) KHHI (Day of Year, DOY); @ k¥ DOY T8 a5t F KEAEFMN
= 10 CHIAAIRIEEE (Cold Growth Days, CDD); ) FIFHFELLK =4 . CDD f13&
SR B AN B I LATZL G A v F ME S PERRY ;. (D {KHE GEE - & B I K G M i () 3K
PRLAI M HIRECH Y (DOY), I8 CDD; & k4l DOY 2% VT fe v 3 i 55 7
PR BAG TG = AR

331 BHRIEAERES  AHRHES MIEW BB BRI B B U R R X EY AR K
KERATEEE, PP RIEAR EXED R, A SCHR A 24 Mo SEBRC 5% 0 H )45 BRAS
B, BB OREEFR H R R R A A — R A SR RIS SE R B SR AL
5, HAHMESH 1526 H 6o SuBNERME (5d) W&, a5 sH1H, 6. 11
H. 16H.22H . 27HM6H1H . 6 HILSFEHL; FhAl % EALE 19.42~52.36 £ /m? (7] fifi
HL=A:, 2050 19.42 #f/m? . 22.77 B/m®. 31.82 Bk/m®. 35.86 Fk/m’. 38.87 #f/m>. 41.06
BR/m?, 47.43 #k/m* 152,36 Bf/m? 3e 8 Fhig 5t o AN, A SCHSEE 1 FpEH RKAE =/ 7
BEN S, O EKEBNZHBER 13 CH3MEERBR; @ 205 Ko gy b 276
B JFAEBILEYER | A5 EORI RS 2 A A, BEMLIR L S d R IREE ST 0 C
By AFNAEG S ARskUL, B HIEA 512 (8x8x8) FMEIIE S, HJGickS12F
B 5 o A B AN 94 H LAUFIR R = 5

332 HEAFHHNEBRARBRETE IHHFREME ST REAEFTHHN= 10 CHARL
FUR, JkZ: 1981—2018 A AH R A & WA P A T340 250BURAS B AL = 10 CRUREE
H (C), ARXEEHZSE R (CDD) Zm IR 4 F X e 2 i ™ il TR
TR H AR A IEOANE, RIbAE RS 2] CDD AHIR] . CDD A AT

CDD=Y'D,-GDD (3)

Krh: CDD R RRBIAS B A SRR EE-E s DoMBIA TS i Riy= 10 CRH Y
M (C); n ARREEIAEFIEKE; GDD MR BN 1980—2018 4 H 41 J¥ =
10 Cif s R B~F-YAME
333 SESETHEALTRBFEER  DIWFR X KGR E LR, fie&y @
40 d, KRG REAT NS O, DA HREZE R T (6x512) BIRIBIT
e (Yield) M EAR &, BMHE O41E 002 W LAT DL K 44 & N A SRR - (E
(CDD) N AZS eI AR, JLEE 1600 (40 x40) 415,

Yield=p,+p,x LAI, ,+ B, % LAL , +,x CDD (4)
K. Yield WAEREAUR =& LAL SR8 VNS d RILAL; LAL SHBEE TS d R
WY LAIE ; CDD ARSI A BUREE S B, . B . B Bl B, 435l kB
T R LAL A RS BT LAL JPIE R B CDD [RH 25, PR Y 1600 4
EVSER (YL EE2an =
334 AEEZRBERELRLAIFGERE W5 R 55 Bl ah BRI E 50 (Wide
Dynamic Range Vegetation Index, WDRVI) X§ K5 1 LAIRREUER, BEMSAR LT (14 F i th K&
LAI™, AR GEE - 5 122 G HE R BRI A1 2 11 P4 18 e ) WDRVIE K15 R
HIH (DOY), ¥ WDRVIF 4 kK G A a5 52 Bm LATPY, MK . RS [a] 7 11 P 5%
1E3RELDOY [ALA VEHE 1600 2H 75 2 19 [ 5 ¢ R R A AT 2500 Al 3, A A R
FER A A L, IR R, BT A R A S, DR SO A R
JEE ) 7 R ™ R (B A 3 L P = RN = 26, e A S i Sk 9 EL B e X T 5
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DX VR SRR I AR I LA TG BE VAN o D= Ram i ¢ (BRAE = - K EE 5 ) /LK
AEFEREX100%” Fommo

WDRVI = 2Prm —Pret (5)
aleR +pred
LAI=~{[In(1.79 - WDRVI) - 0.532]/0.3} (6)

AP e IWLAMEBIR R p,, WEDCBEBRUN A oA T (HUE0.2), FIA
oo T AR/ INITELANB BN ZL G B R B B otk 2 [H] A 228

4

4.1 CROPGRO-Soybean ##8I T 1

XT L 2014—2017 47 R 1Y 56 5 AR B IR 7 5t 1Y S (E 5 BE4ELE , CROPGRO-
Soybean 1] IR &F- M i #€ K2 A FFIE (Time to Anthesis as Days after Planting, ADAT)
WA H ] (Physiological Maturity Day, MDAT) (1&3), ~F¥FF LR H 81 #%) RMSE 43
H/NF S dfiT6 d, RRMSEAK T 9.3%F17.9%. 7~4t i) RMSE 4 93.3 kg/hm’, RRMSE
8.0%. HEMUAKTE, A H WAL T = A6 B WIRISCR , (R Bl 22 A A
FEEVEEIN (RRMSE < 10%), RUIARHAL S (R REGS A LSRG A 1 XK &7 32 4E
B IF RSN . R KR, i KHESS 1 CROPGRO-Soybean 15 AU GEGZ 4TI
[ R AUE S A 5 T R GARK AT LB &,

70 150 2000
b
. sl ° B 1800}
o JiARW
. 140} ° ?%g 1600}
< < e /)
) S 135 ! S 14001
s = o ek &
L 130 1200-
g 50 i % ® © i
= B 155 °® £ 1000}
= = =
[ (o]
45 Bl e *% B gool
40 115 600
]
10 400

35 L L L L L s
35 40 45 50 55 60 65 70

110 115 120 125 130 135 140 145 150
SR H ()

400 600 800 1000 1200 1400 1600 1800 2000
S e fE (kg/h)

K3 RERBAIME SIS E T

Fig. 3 Comparison between simulated and observed variables of soybean

4.2 RERBUHEBLER

P 4 JEIR A% 1E JF CROPGRO-Soybean 248 HH LATEARAISE 5, & PRAFUAR L)
LAVME2ZE SRR, XREHTERRN RIS JEEET T, EYERKNESR
MK T AR ESR . IWEATT LR, AR SO B LG 1 11 37 RE A% 7 25 A v
PR L B, LATRY(EAE 2~7 Z A8k, X Bl 2 S ok 2 e P AR A (1 1)1 2
BT RAFIR R

R ORI 7 1 A RTES 4 H AL A s A A () P RBCR B, i O s 2880
HAEME R E S L (RBRAE), (BT E N H 4G dE B ) ] 5
PE# A (R*>0.8, K5), JUHERE DM 191~210 d 585 DA HIMAES (R >
0.95) . %I B NS BOE BE THcRAE, I DAL A% LAT B G S e K S AR e 487
o MR, R IR R 2R 22 HE AN BERIEAE PR B A RIEFRRIL, FoMiFLH



1886

L2 S0

0.88

0.85

-0.82

138 184 207
DOY LA F A3
%4 512k CROPGRO-Soybean H % i1 i1 LAI ElS AR s R AL
Fig. 4 Daily leaf area index (LAI) outputs from 512 Fig. 5 The coefficient of determination for
simulations of the CROPGRO-Soybean model the regression models

ABHE (KA. BHERME SRS ) fArE—eimzEZn, AEDEAGEARRET /S i
PAED AR K F T A S AR, H AP e R RO SE 3R 0 T e R o SR F
LAI B PIUOULINE-5 CDD A9 G ] LAAS B HERG A 5 1

43 hEFEMEK

4.3.1 BT GEE RiBEMIEBRLAL 5T GEE -5 [ 1Y 2018 4 K 5 S Hi A B 1 P 1 14
Hi K LAL (El6a, 6b) KHXIWAFZERDOY (El6c. 6d), FMiE H LAIMHE
IR 6~7.2, HSEPREHIE N —2, i —UEB] CROPGRO-Soybean 5 BRI A (R 12
N ST RER R v 04 Z0 24 PR R P 2 B A DG B o BRI X N R 7 11 PN R G R
T A TT S B TSR H AR — 2, (Rl 45 S AE B I 2 IR LAL,  RERS 281
T G AR I 25 AN TE SR B PR, 1T pR SR AV A A RS U e v 30 T R 1) P A R
SIEHR A BE A A R A R E R TA

432 AESEES TR AEFE CROPGRO-Soybean HEEEMIH =8 A ST E 7 FE
R EER, HORMIFEAS RS TG S0 R G = i s . 15 18 503 0l 4k
BRI 30 . 20M 1B 5280, 15 5 S~1E 5t 8 B A I BIFAE ] . FRAE RN 45340
S5 B EOR SR 2 A, BEMLIR EESE S dIRARIRE N0 C, TE R 4REIER K
o RFAA AR 8 38 8 35 AR 2 Hh 33 0™, ASCABLA0 R 2 ™ i e AN [R) A IR TR
FFERER (BF7). et aHiRERIGKE, KE-aill (F51~3 C). FKE
A KZ, % HBRRERIKL ¢, BN GDD KA/ 100 C-d, ;=& FifE
910.5~1242.5 kg/hm?; & H ¥R 2 °C, A& W1 GDD KZ08/> 200 C-d, F=&5fi
16 571.8~838.0 kg/hm?; % HHJIRFEME3 °C, A FWIHN GDD KL/l 300 °C-d, F=HE50 i
1£273.8~435.7 kg/hm’ s K8 TEHIRIEY), JCHAEH AL G T 280 iz, R
SIHE A E T A R, NI FBUS IS0 2, = 5 = 4 1 i .
MR S~ER S WL 1, KEFEARRARK & EINXHCERR F RN AR, 725325
SR BTG PR A R R B K, kR R R R G AR K R R R R, sk IR
i, FiFEBESZRm, JEims AR ¢ 2R i, &=kl m, S 8068
7=, XS HT AT 4 RS,

433 HEHFRAEEBERBTE BESRET LRE TR P15 19894F . 1995
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DOY(L)

P 245
-212

Ve aLcAr MR R LATE R H R B ERE 0155 . d 43 IR 7 1 55 AT B R o7 4 307
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Fig. 10 The spatial distribution of yield losses in 2018 relative to 2017
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Tab. 4 The estimated yield losses of soybean at village level
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Damage evaluation on soybean chilling injury based on
Google Earth Engine (GEE) and crop growth model

CAO Juan', ZHANG Zhao', ZHANG Liangliang', LUO Yuchuan', LI Ziyue', TAO Fulu’
(1. State Key Laboratory of Earth Surface Processes and Resource Ecology/MEM & MoE Key Laboratory of
Environmental Change and Natural Hazards, Faculty of Geographical Science, Beijing Normal University,
Beijing 100875, China; 2. Key Laboratory of Land Surface Pattern and Simulation, Institute of
Geographic Sciences and Resources Research, CAS, Beijing 100101, China)

Abstract: The frequent occurrence of chilling injury has serious impacts on national-level food
security, and it mainly affects the grain yield in Northeast China. Timely and accurate measures
are desirable to assess the large-scale impacts, which are the prerequisites for disaster reduction
and production recovery. Therefore, we propose a novel method to efficiently assess the impact
of chilling injury on soybean. Inner Mongolia is taken as a case study. The specific chilling
injury events was diagnosed to occur in 1989, 1995, 2003, 2009, and 2018. The 512
combinations of cold and field management simulation scenarios were established based on the
localized CROPGRO- Soybean model. Furthermore, we constructed 1600 cold vulnerability
models including CDD (Cold Growth Days), simulated LAI (Leaf Area Index) and yields from
the CROPGRO-Soybean model. Finally, we extracted the maximum wide dynamic vegetation
index (WDRVI) and corresponding date of the critical windows of early and late growing
seasons in the GEE (Google Earth Engine) platform, converted the WDRVI into actual LAI of
soybean pixel, and calculated the pixel yield and losses according to the corresponding
vulnerability models. The findings show that the localized CROPGRO- Soybean model can
accurately simulate the growth and development processes of soybean under different cold
scenarios. The soybean yields were reduced due to changes in cold stress during the whole
growth period (a decrease of 1-3 °C), which were greater than those from the local cooling
treatments (the temperature of 0 “C for 5 consecutive days which are randomly generated
during four growth periods). Moreover, simulated historical yield losses in 1989, 1995, 2003,
and 2009 were 9.6%, 29.8%, 50.5%, and 15.7%, respectively, which were very close (all errors
were within one standard deviation) to the actual losses (6.4%, 39.2%, 47.7%, and 13.2%,
respectively). The above proposed method was applied to evaluate the yield loss of 2018 at a
pixel scale. Specifically, sentinel-2A image was used for 10 m high-precision yield mapping,
and the estimated losses well characterized the actual yield losses from 2018 cold event. The
results highlighted that our proposed method can efficiently and accurately assess the chilling
injury impact on soybean at different spatial scales. The novel method is also effective for
efficient assessment of the impacts of different disasters on other crops.

Keywords: chilling injury; Google Earth Engine (GEE); CROPGRO-Soybean; soybean; yield
loss; cold degree days (CDD)



