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Research progress of assessing the impacts of climate change
on grain production by the WOFOST model
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Abstract; In recent years, domestic and foreign scholars assess the impacts of climate change on grain
production with different methods, and crop mechanism model is one of the widely used methods. With
the characteristics of strong mechanism, open source code, and relatively simple way to adjust
parameters, the WOFOST ( WOrld FOod STudies) model has played an important role in related

researches. Based on the growth mechanism of different crops, this model could be used to assess the
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climatic potential productivity and the impacts of meteorological disasters after applicability verification.

Combined with the historical climate data and the future climate scenario data, this model could also be

used to quantitatively assess the impacts of the past and future climate change on grain production. On

this basis, the general information of the WOFOST model is introduced, including its basic principle,

operating mechanism, parameter setting, parameter optimization methods and so on. The research

progress of assessing the impacts of climate change on grain production by the WOFOST model is

systematically summarized, and the shortcomings of the existing researches are pointed out, hoping to

provide reference for future researches.

Keywords: climate change; WOFOST model; grain production; impact analysis; adaptation decision-

making

51

T

N BB S LA T AR A Y AR
PIBE R T B AKAR SR s B K R AR
IR 5 i, N AR T A I IE 2 B e
(8= SE YR (ESPU R /et AL PIVE =k 3 €. : 0 Pl AT
HRZHE H AR A SRR W 5 PR REAO SRR A
YR H SR AR AR AL, Al AT Rp 2k
SR A A 4 T I T TR A R

Ay A B IR T B IAFIOK AT SRR AR
KPR R UR . UL B UKy
OYHE AR R S T R W AL AR BE | A SR A
KEHRERI 4 O A AR
PR T D B SR (L[R]3 2 i
TR AT IR, A= F 4, 0 A 7 A
IR RTINS T2 S d i Wi S |
U ST DU AT 5 25l A R 2 B 5, i B
BR300, R E A= 7 LE T I i BT AR
AR, I Bl A A AR A B T IR JE e H A5
JUR TR AL SRR, TR MR R R AE
AR V& 35 15 1 T 45 A B 5 i 2 B R
ISR ALY 8= e s 7 R A I F P
SE PG SRS AR B 2R 7= AR R, JE R A
SCAIE R SR, AN — A H 2B D, i
RS I M e DA P RS2 [ R, % T4 T 97 0k 2K
J1 PRBERE 22 4 B AR A BT e S8OR 25 2 HAT

FURI, f5c B4R /s U AR A R MR B A 7 B2 T )
W Tr ik MR N T SR A T ) = K
an A B O R 7 e, OF DL Z O AR 2 AT 5 e O
TR T AR 2 b X 2 K i) RUBE 1 R

BAEARGOR, BUR B AEA R RS 5 A
[ S R T S AR B AR 7 22 B R A 56 RS B, 3
AR TEAS (AR R, XX A
() 5L, H A 7 5 A 5 00 I 5K 56 R AR AU A5 4
L2008 S B S — b E B A B 5T vk, T 3R
Kot i 2R F DR S R sl AN LR OC &R (IR
Wt FRFERT KT, 75 5 2 A B A SO, S it
R B — 7 X AR A0 AR R S B
YEYIMLBRBTY DA R EY)AE K R & AL R AR
it 3T 255 AN R AR BRI H S R b XA
WA R BRI AT AL, 2 1 A A B[R]
FRUBE IR A 7B , DT8R A 50 e e I 3R 7
AR, 022 A Py A R RS 40 K B R
5 R RERS YT S A DAL B st 7] 5 55 ] )R
J, BB 2ERZ EE M IX A2 Z N, ik
FE AR EE A K LT 7 Y B W
M 3 E R 9T 7 kT ik H R, WOFOST
(WOrld FOod STudies ) fF 4455 54 gy T ML P58 | U5
FASFFI  SHEH AR T S 3 & R AE SRR
X KL A 72 0 5w PE AL O AR B Tz N
5

it A SO FEA 45 WOFOST LA JF i 2
BOA A 7 S R N B Rt 1 ) R 58 B4 1%
RUTEVEAR S AR A R B AR PR i v BRI 9 E 8,
B H AT AR B AH DG R 5 AR R B, LU B
T AR A PG TR S

1 WOFOST #E &N

WOFOST A2 a7 4 FLh T AR R 2= A PR &
W58 O 2L G R A, S — i SR e S 1
TEIE K LB RS MR RN  LIH
BRI 2B RE A B 2 | R R 45 1 K



3

F W SE : WOFOST KL RL7EPE Al A8 A X R B A2 5™ 2 W) 5 T ) W5 2

11

Ay BRI AT 3R 43 BRI 3 FhKSE R 4R A K
o AR KA M EM A AL R S B R
YRR E | F5 408 K5 55 SRR AL T il IR A 5 7K
Sy BRI AR R IR LA AL F RS B4
IKGT FARHEY A K B 5 37 53 BRI SR 28
FEA(N) B (P) H(K)3 FocEXEWA KR
Rl 03

WOFOST BAIAR 5 1 R L A5 REDIR
25 M R D) R K AT Sh AS PEA TR, BRI
BBt [FARVE T AR T 22 I 1 T LA & T B 43
P S A B A S AR O AR VR AR A B

@ K

i

SN SRR N R TFAE T AE B AR A= KR
[ERUR R E VR RN o SN (/) S B S R
AT HREER TR (E 1), TR
PSRRI R B CO, BRI, 3881 IR Wi Y A B s 5
FIERMSE SRR RAE Y H R i, P iR
SrR R R (1), B4 R BT
TR AL, X T AR B A T e,
TERAL I AR o SR R 730 S T A A I 1
FE, R T BRAEAR 25 AR A A b AT o
Hie, 73 ME 2 BbE 4 7 B B AN RN T A2 AL, 4 7 B BEiy
TR B ER H AR T > (1)

HERFITIRAE ]

IBTEREDLS
SEBRIECH

e (THRD)

=
=4
=N
LEES

RO >
i
GRS (A RRZ
A E3 TR o it
IR | (o i) (At ) iy ) | EHFES D

T, — S BRAE T, — e AR

1 WOFOST BERIAEY) A K i fe ™
Fig.1 Flow chart of crop growth process in the WOFOST model?”

WOFOST #=7 F [a] th LUk A5 28] TR & J&
Bt 5 WA () A W R, S FHS RS B K A DG
gE7E Bt 45 AN 6] 4 BTz R DY HoEr
WOFOST #5483 gk HI T 7 f ) | XU 43 2B 7
WP 9 E S PEAl | S A8 Ak 52 i DAl S T
i OCHE R B TR A SR AR OG-
TR AT A 0 7 R R A B S

WOFOST #5284 (1) B Y 0 FH 2 78 48 | A1 40
RFEMH W5 3 AR E 5, WF 5 it A & X f
BEY - R, 45 R R X 3 AN E K, R
1™ i i A 2 1 38 0 T 1, &5 A1 1 F R] E R
Xt 7= R W A N e RN R
AGRISK T, WOFOST #5558 i i T~ 7+ XU BF
gE T RS PR RN AR H R K

L AER AL E S T RS Z 8 B 5G| T 4
A A I AN, WOFOST £ 2 75 Bk
B T 32 2R AR W B9 W A 7 BV AG 7%
S T LU ] T AN K o ORI, 4R 2
M ARl A T B AR ) AR i IR
£z I ( Monitoring Agriculture with Remote Sensing,
MARS) .72, W B & #F 5 v 0 F) H WOFOST
BRI R AR FIAEAR RO /E 2R KBl A EAT LA, [A)
P XoF 2 A b X 5 3R A7 7 i O 2 22 )
WOFOST #5 8  #f A AAE 1 A2 < 0 & 48 ( Crop
Growth Monitoring System , CGMS) H | J{- 7] LAFE T
HLAY SUN-UNIX #1E R G hiatT . 73 A i
RUGEAT 9 B 2, 1 2238 FH T 2% bRORID 5l i1 862
/R



12 N E SRS

% %

43 4%

2 MATETARER

WOFOST #8 BAT — 2 i 538 M, T AR e 1E
dn Bl R AR SR A S BT R R
RT3 T AN T) i XA AS [) P 4 2250 A
WOFOST A5 54 3473 M F 7T i, 75 B XA 9 2 8
A IESEGA TR E , 25 5 I XS AR RRAE | 1
BERRPE R AR 0 b st AL AR, 3 H ALK
R —ESH NSHAR AL K +5S
HonT i ARl R H HUILIN kLD 1 S K sh A
NI ES I A TR TR S 8 A B 201 AL
A%, I H AT T S 80R AL i 98 2 45 v T4
YIS B S8AE
21 BHAMUNA
2.1.1  SHUUEE ST

WOFOST #AI [ S R 2 | X 2S5 ——
HEA TR IE R AR G T AR & K i HLAA $e 28000 A%
WERI AL I B Gk 41 v A R 0 RS DU B8, IR L 7 22
T 3 ORI 43 AT R H B S B R R
P, A 2 T B AR B S8 U 4 ol
A R AR R P A TR R ] LU A Ak
BT AN S (] PR 7 S PR AR ST A )
TI Uz 38 BB A BT 0 AR TR RS 4L
ZERF A KIS EL, FixH RS Bl Tk, 3T
AR 2 BT SR PR TR R DA k8 5 A S SRR AR
BUCSHUE P H R G2 3 oo B o B,
SEARILAC /N T I RGR I AR W e R TR L S
B, - A AU A 48 A 50 T WOFOST #5271
XFF A I AR AERS B T8 DL b
TE AR 2L FERFSE WOFOST # A%t AL
NG AR L E R 5 B RUSOR I A ) &
BRI THURE T, e R B AR 45 55
BRBIBIR SR B R SR S S8,
BAIE T WOFOST AR E AR L XA FPESY

OB A3 BT 43 Ay Je S SR 4 B 4 ) e
GYHT . SRR EURAE S b HBE S B BN SO 25
IR AT 5 R HAT — 5 1 e T 5 T 4 ) ek
PESHT T LA RIS 22~ S 80 A XS 25 SR 1 5%
i), I ELAT DL e 2 50 2 18] A0 VR 0 25 6 52 i
DRI, VE P 2 50 ) AR 43 A RS A ST 1 2R
FH 4 Ry AU A3 AT O ik 2120493 E i 4 S UK

PO 5 2 £ B AL G Morris R0 1k LT 2
i) Sobol ¥ | 18 BL i M J 46 55 125 ( Fourier Amplitude
Sensitivity Test, FAST ) . §" J&& {8 B i g & 46; 56 722
(Extend Fourier Amplitude Sensitivity Test, EFAST)
SRS o EFAST ¥ = 28, SR M RE AR 4L
B, BRTRE TZ %05 784 K B Sobol 1
1 FAST B ILH, BT HR AR ) — TR (9 4 Jm) Uk
PO o DT R AR I TR 0 i S O R R 2
R Tr 22 B SEIRANE 73 A S E S 1]
T VR I A 700 28 53 114 5 0 6 28 70148 M DG AF
R EFAST J5ik, %F WOFOST ## 26 ~EY) S
BAT T 2R BURYE T, 7€ T TSUMI SLATBI |
SLATB2 .SPAN _EFFTB3 #il TMPF4 4§ 6 ~%f r= 4
ISR T2 05 AR S BOR s AR B 5 o
R AR (F 1) P,

2.1.2 ZHRHifE

TE 58 WS B HUBANE 73 A 9 Bl T 3 2 % ek
SHGHEAT AR MAL S UE . PR B, B S8R
ALy 2 A 3 A Bl AR T L
etk

TERS RN Z 4] AR A 4K 2 8 3 il ok 4 o
TR0 AR FH G R I, R 47 DA A 1 6 O 00 5 4
TEMISEG T A A R E P Ok TAERK,
AT WOFOST BB i )2 i A,

B ETE RSB B B DFE 0 ALl |
B WA SHO AT, i HAARAE 5 S e
LG REEER B 5 S A (E, BURE VR W] R A PR o L5
FHALCR B, B T A DRI S v g T AR X 322
4niz Fl WOFOST & BIT-Al 5 K T 45 B 5T b
SR PSS A T S0 S0k TR X R
FR AN K AL OCH DAl D7 T Y 3
PEP ARG T XX T R A K 4 i AR AR A A
PR R RS EEXT WOROST BERLH /54
HEATRCHE A58 45 R WY AL i TR AR AR A5 a8
AR LA S i BB AE SRS SEBR BON 7T 6, BES I
FHFIE X KA A A RS A4

BT AR AR L S B T, 84
FE a5 AL Bk IE L AR AN 1 E AE T (general
likelihood uncertainty estimation , GLUE) e OIRER
5% ( Markov Chain Monte Carlo, MCMC) J5 %% .
FSEOPT fL L2345, Horf, MCMC 35 & 2 1 DL it



3 F W SE : WOFOST KL RL7EPE Al A8 A X R B A2 5™ 2 W) 5 T ) W5 2 13

WG EE I —F S EE TR e T A R
PR SR T T N )2 SRR AR B
GLUE L& B E A S 4 R MUk
AYMT AS MCMC 35, DAAC/INEZ SR LI H5 5 4
Z: 8, % WOFOST BERIfY 55 A S A S 8047 1T i
AR HT SRR, AN SRR AL 5
SET AR BRICZ AN, HRGN FHEZ 5 FSEOPT

AL AR 7207 SR AR S Price 5595 F1 Downhill-
Simplex J57%%, | F§ FORTRAN ( Formula Translation )
BE RN — A SRR ™ T
DAREARUASE I 28 SR 5 S DB (4005 D0 B2 S e,
I8 R ER S EE N AR & e
# R FSEOPT HAL TR )T X HUR S BUH AT 0% A
/N T WOFOST B Rt iR 22

®1 WOFOST #E h & NETMAEM SR HEUEEE

Table 1 Ranges of input parameters for the WOFOST model of winter wheat"**’

B P WA TG
TSUMI IR AL A BRI/ (°C - d) 1 300~1 500
TSUM2 FEAE SN A R (C - d) 500~ 800
TDWI MR BT E/ (kg-hm™?) 100~ 300
LAIEM P s A T AR 20 (hm? < hm™2) 0.000 7~0.300 0
SLATBI AT IR 0 BFAY L ET ALY (hm? <hm™') 0.001~0.004
SLATB2 AFHHN 0.5 BFAY LT E ALY (hm? -hm™") 0.001~0.004
SLATB3 AEFH 1A AT AR (hm? shm™!) 0.001~0.004
SPAN 35 CHIE T AAERE/d 20~30
EFFTBI 0 C FEMSEREARAIHZE/ (kg-hm™-h™' -] em?+s) 0~1.0
EFFTB2 10 CFESEREA BOF I ZE/ (kg-hm ™ -h ™" -] -m? +5) 0~1.0
EFFTB3 20 °C FEMSEREA AR/ (kg-hm™2 -h™' -] em?-5) 0~1.0
EFFTB4 30 C T SEREA BRI/ (kg-hm ™2 -h™' ] em?+s) 0~1.0
EFFTB1 40 °C FHAMEREA AR/ (kg-hm™-h™! -] em? -5) 0~1.0
AMAX1 HEE N 0 B ik €O, AR/ (kg-hm™2-h7!) 25~50
AMAX2 HAFHN 1.0 A K CO, [AEHF/ (kg-hm™2-h™) 30~60
AMAX3 BN 1.3 Bk O, L%/ (kg-hm™2-h™!) 40~80
AMAX4 AEEBN 2.0 Bk CO, R/ (kg-hm™2-h7!) 30~60
TMPF1 kK CO, ML FALE 0 CHIKIEN T 0~1.0
TMPF2 K CO, [AERAE 10 C YR IE N F 0~1.0
TMPF3 K CO, [FfbEAE 20 C IR IEHF 0~1.0
TMPF4 K CO, FfEEAE 30 CIRLIEHF 0~1.0
TMPF5 K CO, FfEZAE 40 CIREHF 0~1.0

CVL Ty e A %/ (kg kg ™) 0.5~1.0

CvVo T G0 A LB AT 25 B R/ (kg kg ™!) 0.5~1.0

CVR Ty i AL AR A%/ (kg kg ™) 0.5~1.0

CVS T AR ZE R MR/ (kg-keg ™) 0.5~1.0
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