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Development of Process-based Regional Crop Model and Assessment
of Drought and Water-deficit Impacts
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Abstract; Against the background of increasingly frequent drought events, the risk of agricultural yield
loss has continued to increase, posing significant challenges to agricultural drought water management and
food security in China. Existing studies have mainly characterized agricultural drought using drought
indices, which failed to represent the impacts of drought on crop growth and evapotranspiration processes,
while the threshold values of drought indices were often difficult to determine accurately. Therefore,
summer maize and winter wheat in the southern Hebei Plain were selected as research objects.
A regional-scale crop model considering drought impact processes was constructed by integrating a
drought stress crop growth module, a coupled crop photosynthesis-transpiration module, and a field water

balance module. The model was used to simulate the spatiotemporal dynamics of crop growth,
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evapotranspiration (ET), and final yield under drought conditions. The results showed that the model
reproduced the variation in leaf area index ( LAI) well during the growing seasons of different crops, with
coefficient of determination (R”) values ranging from 0. 93 to 0. 94, normalized root mean square error
(NRMSE) values ranging from 0. 12 to 0. 16, and Nash — Sutcliffe efficiency (NSE) values ranging from
0.59 to 0. 71. The simulation accuracy of evapotranspiration (ET) was also high, with R* values ranging
from 0. 981 to 0. 989 and NRMSE values ranging from 0. 07 to 0. 11. For summer maize, NSE values
were 0. 70 and 0. 58 during the calibration and validation periods, respectively, while the corresponding
values for winter wheat were 0. 81 and 0.91. Compared with municipal statistical yields, the relative
errors of simulated yields were less than 20% for summer maize and less than 8. 0% for winter wheat.
Based on model validation, drought water-deficit scenarios caused by reduced irrigation in drought years
were further simulated. Stage-specific drought during July had limited effects on evapotranspiration and
grain yield of summer maize, whereas winter wheat was more sensitive to water deficit during its growing
season, and reduced irrigation resulted in a marked decrease in regional average grain yield. The
regional-scale crop model developed effectively captured the spatiotemporal dynamics of LAI, ET, and
crop yield under different water-deficit scenarios in drought years with a limited number of model

parameters. The proposed model could provide technical support and a theoretical basis for regional

agricultural drought impact assessment and water resources management.

Key words: remote sensing; crop model; summer maize; winter wheat; yield; drought
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Fig. 1 Study area location and spatial distribution of
winter wheat and summer maize in Hebei Plain (i. e. ,

central and southern Hebei Province)
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Fig.2 Model-simulated and remote sensing-retrieved LAI for different crops in central and southern Hebei Province



22

T A FET KBRS G R Y X B M R R R 5 T L BR K RE E EAG 115

F*2 EBEEXK ZNEMHERIGHEBEILE RIFM
Tab.2 Evaluation of simulated leaf area index results

for summer maize and winter wheat

W B BIERPR L, R2 NRMSE NSE
HE W 0.90 0.94 0.13 0. 69
Y IE I 0.86 0.93 0.16 0.59
HE M 0.91 0.93 0.12 0. 69

ZINFE
Y E 0. 89 0.93 0.12 0.71

2.2 AEMEY ET SR 58E

TE LAT BDSERE I, JF—25 0Pk ET BRI,
At R B AR AR RN 2 (] Bl AR AR R R 2 S R AT
XFHCHGAE . ATA6AS 2RIk B 70 B AR A 5 N

H #g
(a) B R KEFEW
35¢
—— ST
30+ s
—e— HUH
25+
g 20
8 15F
10+
5 b
0 1 Il 1
> > a N o
N N a Q"‘/Q S?/Q "
/ o A P
N e \a W s
%Q D P »
H
(0) Z/NEFEW

TR ET BT AR AKRYE , S0 IERE R ET BED0R
JEnE 3 fER 3 i, B EOKRAEF AN, BRI
5@ BT 35 52 2 Dk 14 P i /N B P
BIERNZE 0.99, RPHEE 1.0, RE 45 R
7R REW KLY RMSE A KT 1. 86 mm, NSE 43
S 0.97 F10. 87, 3 B E A 55 ) i 0 A 47 iy A5
PIEEK ET AR, &/NEEFB (N
RTT IR ) AR ET 5 3 B 8 4% SR AR bt
0 R 2, Y R R O B T A
F AN RERBET 1.0, R*A/NF 0. 98 ; RMSE A K
T 2.50 mm,NSE 4bT-0.90 ~0.98 2 Ji] , W R[] AE
REMSRC U SIS N AR T 1Bk al

35
30
£ 25
£
520 —— SH{H
10 Il 1 1 Il L
NS N N & ®
2 % / ar a
¥ W Q¥ ¥ N
D 2 D) $ )
H
(b) E K
35t )
ol il
—e— EAUH
25}
€20
5 15¢
10F
5
O Il Il 1
> > Q N “
N N N N >
N4 N N N &
& & & & &
» D D D »

H
(d) /N BTIER]

K3 JEa B EVEY) ET 5 PML - V2 3R 4 R
Fig.3 Model-simulated evapotranspiration ( ET) for different crops with PML — V2 remote sensing

inversion results at Luancheng Station

F3 FEHIEERERE EXR LNEEBEBEITMG
Tab.3 Accuracy assessment of model-simulated
evapotranspiration for summer maize and winter

wheat at Luancheng Station

s mH AR, R

RMSE/mm  NSE

— e W 0.99 0. 999 1.19 0.97
= BIE 0.99 0.995 1.8  0.87

R ] 1.00 0.980  2.50 0.90
KNE

| 1.03 0. 996 1.30 0.98

4 PP R E EORAET A 8 d ET X
BB SR R A5 R P &l 4a 4b 6 H 18
H—9 H 30 H%&8 d MM A4 H; Kl dc 4d H 6
H17 H—9 H29 A48 d M= s, hE4
ATHT, S5 R0 ) 245 R 2 i) 43 A 4% e — 2otk B

I WS X ET A7 76 B S (i 25 22 SRRk, fE &
K K, R E WM HE BT X R % oK
(El4a 4b 551 ~ 4 RELD) 0 H 2R SR8 7K F i N
HiIX ET BI04 (& 4a 4b P55 2 1K) 242 F
HE I EOK ET Pl R % (Kl 4a 4b ThEE 9 ~ 14
) H I 4a 4b S 11 iR PRUAS TR AR 0 0 228 Jak
S EEFE A (8] 3 A W 2L, g 0 e DX WS T R A1
UEAEGY 2 R gl a3 W] 40 A — Bk i s o [m] )3
i R BV (2011 4F) AR T B4R (2012 4F) X
Ll , 2 AR R REAS A U b B DU 95 IX T oKk A I
ET §r 22284k, H B B fae vk

K52 A 26 H—6 H 2 H% 8 d 238431 45
B BRI A /NFE BT 25 (8] 50 A7 45 SR 5 18 K
SIHZE L, AR, 9 38 45 () 2 A 4 ) B — 3,



116

i3

i #l

2026 4F

36°0'N  38°0’N 40°0’N 36°0'N 38°0’N 40°0'N 36°0'N 38°0'N 40°0'N 36°0'N 38°0'N  40°0'N
T T T T T T T T T T T T

114°0'E 116°0°E 118°0’E114°0’E 116°0’E 118°0’E114°0’E 116°0'E 118°0’E114°0'E 116°0°E 118°0'E
z
T T T T T T T T e

Rl
i

36°0'N  38°0’N 40°0'N36°0'N  38°0’N 40°0'N 36°0'N  38°0'N 40°0

RN

36°0'N  38°0'N 40°0'N 36°0'N  38°0'N 40°0’'N 36°0'N  38°0'N 40°0

R

REK 20114
R AR mm

o 50

LI

0 125 250 S0

TI7°0E 116'0E 118

114°0'E 116°0’E 118°
T T

OETTFOE 116°0E 118
(a) A

0’'E114°0'E 116°0'E 118
T T

0B
B RIS

fe]
B

N

A

"0'E114°0°E 116°0'E 118°0'E114°0’E 116°0'E 118°0'E
T T T T

36°0'N  38°0’N 40°0'N 36°0'N 38°0'N 40°0'N 36°0'N 38°0'N 40°0'N 36°0'N 38°0'N  40°0'N
T T T T T T T T T T T T

Rl iR
Rl il R

HEK 20114
R mm

50

e,
0 125 250

L L
114°0'E 116°0'E 118

114°0°E 116°0'E 118
T T

s L
0'E114°0’E 116°0'E 118

(b) EFHKF

0'E114°0'E 116°0'E 118
T T

0'E

I ORI

500
km

N

% %%

RIS

R IR

36°0'N  38°0’N 40°0'N 36°0'N  38°0'N 40°0'N 36°0'N  38°0'N 40°0'N

Rk

BEK0128 g
SRR mm A
e 30
-
0 125 250 500
km

36°0'N  38°0'N 40°0'N 36°0'N_ 38°0'N 40°0'N 36°0'N 38°0'N 40°0'N 36°0'N 38°0'N  40°0'N
T T T T T T T T T T T T

L L L L
114°0'E 116°0°E 118°0’E 114°0'E 116°0'E 118°0'E

(¢) B E AT ER: BRI

114°0°E 116°0'E 118°0’E114°0'E 116°0'E 118°0'E114°0'E 116°0'E 118°0’E114°0'E 116°0'E 118°0'E
=
T T T T T T T T iz

0'E114°0'E 116°0'E 118°0'E114°0'E 116°0'E 118°0'E
=z
T T T T £

36°0'N  38°0'N 40°0'N 36°0'N 38°0'N 40°0'N 36°0’'N 38°0'N 40°0'N 36°0'N 38°0'N 40°0'N
T T T T T T T T T T T T

36°0'N  38°0'N 40°0'N 36°0'N  38°0'N 40°0’'N 36°0'N  38°0'N 40°0

EE K 20124F N

Rl sl
@ % e

BRI S A
e 50
| 0
0 125 250 500
km

114°0'E 116°0'E 118°0'E 114°0'E 116°0’E 118°0'E

(d) KRB TER): BRI

K4 B KA T W HU USSR 18 S 4 2R s (7] A

Fig.4 Spatial distributions of simulated evapotranspiration and remote sensing inversion results during

summer maize growing season
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Fig.5 Spatial distributions of simulated evapotranspiration and remote sensing inversion

results during winter wheat growing season
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Fig.8 Spatial distributions of crop yield under different drought scenarios
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