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Abstract: Global climate change will have a huge impact on future food production. Water and
temperature are the most important environmental factors in the growth of winter wheat and summer
maize, which significantly affect their yield. Based on the irrigation experimental data of winter wheat and
summer maize in Baoding Irrigation Experimental Station in North China Plain from 2006 to 2015, the
AquaCrop model was calibrated and validated, offering crop growth process simulations following local
conditions. Being similar in structure of the four typical water production functions ( Blank model,
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Stewart model, Jensen model, Minhas model) , the water-heat production functions were set up between
accumulated temperature, water consumption, and yield at each growth stage of winter wheat and summer
maize. Using the data from the sixth version of the model for interdisciplinary research on climate
(MIROC6) of the commentary on the coupled model intercomparison project (CMIP6) , the daily rainfall
and temperature data were downscaled to consider future climate change, including low carbon emission
forcing scenario SSP1 — RCP2. 6 and SSP4 — RCP3. 4, medium carbon emission forcing scenario SSP2 —
RCP4. 5, medium to high forcing emission scenario SSP3 — RCP7.0 and high forcing scenario SSP5 —
RCP8. 5. On this basis, the yields and their changes for winter wheat and summer maize in 2024—2064
were obtained and analyzed by the presented water-heat production function. Results showed that the
AquaCrop model made good performances to simulate the growth process of winter wheat — summer maize
in this region after its calibration and verification by using ten years of irrigation test data. Among the four
kinds of water-heat production functions constructed by the verified AquaCrop model simulation data, the
Jensen type function had the highest output simulation accuracy. According to the water-heat production
function, winter wheat was most sensitive to water during heading — filling stage, and accumulated
temperature during greening — jointing stage had the most obvious effect on yield. Summer maize was most
sensitive to water in jointing and heading period, and the accumulated temperature in this period had the
most obvious effect on yield. Under the emission scenarios of SSP1 —2.6, SSP2 —4.5, SSP3 - 7.0,
SSP4 —3.4, and SSP5 — 8.5 in the five future climates, the potential yield of winter wheat tended to
fluctuate, but it was higher than the current average potential yield. By the 2050s, the average potential
yield of winter wheat would be 6. 07 t/hm”, 6.26 t/hm”, 6.93 t/hm”, 5.74 t/hm’, and 5.95 t/hm’,
respectively. The overall potential yield of summer corn was on the rise, and by 2050s, the average
annual potential yield of summer corn would reach 9.27 t/hm*, 9. 20 t/hm’, 9. 05 t/hm*, 9. 10 t/hm”,
and 9. 24 t/hm’ , respectively. Overall, winter wheat and summer corn were more suitable for growth and
development under SSP3 — 7.0 and SSP1 — 2. 6 scenarios, respectively. Considering the hydrothermal
conditions, the potential yield of winter wheat fluctuated down under the five climate scenarios, while the
potential yield of summer maize showed an overall upward trend. Supplementary irrigation can bring about
70% of contribution rate to the potential yield of winter wheat. The contribution rate of rainfall during the
growing period to the potential yield of summer maize was about 94% . The results can be used to
evaluate the change of crop grain yield in this region under future climate change, and provide theoretical
basis and technical support for the national strategy of ensuring food security.

Key words: winter wheat — summer maize; accumulated temperature; yield; AquaCrop model; water-

heat coupling; CMIP6
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Fig.1 Meteorological conditions during growth period of

winter wheat and summer maize from 2005 to 2015
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Tab.2 Construction of staged moisture production function and hydrothermal production function
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Fig.2 Comparisons between observed and simulated soil water contents and canopy covers for summer maize in 2006
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Fig.3 Comparisons between observed and simulated soil water contents and canopy covers for winter wheat in 2005—2006

o

0 2 4 6 8 10 12
TR SINAA/ (L hm?)
(a) BAKBHEARZCH3)

T2 g T O =081

E 10} RMSE40.58 t/hm? £ 50 RMSE 40.42 thm?,
Z gl NRMSE}0.06 L 4 NRMSEZ0.10
= =0.97 = o] d=0.91

m 6 £3

= =

s &2

= =

e i 1

LN LS

1 2 3 4 5 6
TR SLIAE/ (L hm?)
(b) /N (FEAREUR16)

(=4

K4 AquaCrop FERIRLDE TR AN/ N 7 i 5 S
EREPEA
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Tab.4 Results of sensitive indexes in four kinds of water functions for winter wheat and summer maize
LN £
b Nz HEK
A A, A, A As A R A A, A A R

Blank -0.961 0.295 0.335 0. 446 0.572 0.344 0. 681 -0.014 0.745 0. 665 -0.116 0.532
Stewart -0.878 0.329 0.308 0.224 0.543 0. 305 0. 606 0. 008 0. 150 0. 024 -0.021 0.577
Jensen -0.489 0. 150 0.278 0.452 0.376 0.093 0.729 0. 005 0. 120 0. 150 0. 002 0. 596
Minhas -0.604 0.287 0.571 1. 169 0. 642 0. 094 0. 748 0. 031 0. 401 0.213 0.016 0.733

TE LN Ay ~ A S5 B B4 AR T R T RIS TR Rl BRI R B O s S, Rk
Ay~ Ay PR ) T AR AR IR SRR AR O R B, T IR,

RS ZBNERBREFRPMEER

Tab.5 Results of constructing water and heat production function for winter wheat

HET Ay Ay As Ay As Ag a; @ a3 oy Qs Qg R
Blank -0.139 0.801 1.283 -2.331 0.780 0. 406 0.111 0. 633 1.123 0.167 0. 602 -0.352 0.831
Stewart 0. 882 1. 005 1. 112 0. 147 0.786 -0.769 -0.882 1.005 1. 112 -0.189 -0.728 0.761 0.711
Jensen 0. 003 0.074 0. 265 0. 366 0.369 0. 005 0.234 0.121 0.523 -1.894 -1.385 -2.086 0.989
Minhas -0.628 0.271 0. 331 -0.422 0. 666 -0.091 -0.737 0.529 1.743 2.029 -28.576 21.137 0.965

TEray ~ g 352 /N B -0 A 30 AR T 3 R —HRTT I T AR AR A K A B R R
F6 BERKAEFRHPHMBELER
Tab.6 Results of constructing water and heat production function for summer maize
A Ay Ay A3 Ay @ o) o3 0y R?

Blank 0 0.416 0.507 2.240 0 1.794 1.369 —-0. 056 0.678

Stewart 1.376 2.417 1. 005 -0. 008 -0.853 0.709 1. 039 0. 874 0. 842

Jensen 0.011 0. 038 0.035 0.024 0.114 0.357 0. 246 0. 083 0. 986

Minhas 0. 144 0. 194 -0.783 0. 002 -8.447 5. 803 2.243 1. 346 0.978
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Fig.5 Comparisons of calculation results of winter wheat and summer maize water-heat production function
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2.3 REREETZHERSFEMN
2.3.1 MIROC6 ¥R R 51&1E
L CMIP6 A5 2 Hoxb oA > A A R 1 1) F30 00 o
5, ) FH A RT3 ) 7R 7 R B AR R AR
AR g, T MIROC6 R 508 T 4Bk N
JE A3k N P I R RUBE I P S i 20 4 748 1E A
Kt . FIFABFR X I s S U Bk 5 R X AR L Y
T 52 554 ( Historical , 1980—2014 4F) #4774 H IR &
1E, RSN R R y = ax RIUE T HEIE;
A FH 2 H A8 1E 5 £ 2% MIROC6 #5242 1 1Y
2015—2023 4EBLIRAE 5 Fp A A 1E S8 s UE A TR &
1E, I S AT ki SEBRoUI EcH EA T0F L, B TERT
JES WM 7 Fin, R T AIHZBIE DT
2P B S A 1 25 AT S 5 PR L — B RPN
d ANRIFREERE R RMSE B2/ N BAs A 2 5
F®7 MIROC6 EXSBEHEMRREBESHAK
TR R L
Tab.7 Comparisons of air temperature between MIROC6

modes and local observations before and after liner

corrections
WRE MR mH R mﬁ”
1980— Historical JFIRX&R  0.918 3.180 0.980
2014 4F FEREBIE 0.924  2.969  0.982
SSPL 9.6 JFHAEFR  0.838 5.022  0.953
FEREEIE  0.849 4.618  0.957
P24 5 JIAKZE  0.844 4.679 0.957
MERJEMEIE  0.856  4.371  0.961
2015— SSP3_7.0 JRIGER  0.853  4.493  0.960
2023 4F MR EBIE  0.864 4.214  0.964
P4 3.4 JIAKZE  0.842 4.652 0.957
MeREEMEIE  0.854  4.387  0.960
SSPS 8.5 JFEAKEFR  0.855 4.416 0.961
FEREBIE 0.865 4.175  0.964

EILIEAE I, DL F IR & IE S R A X MIROC6 #5
A ok A 52 B B i B s o AT e OB IE, DA
1980—2014 41 JJ73 52 H 4% by JE U, XoF oK ok #F 9% i Bt
2020s ( 2021—2030 4E ) | 2030s ( 2030—2040 4F) |
2040s(2040—2050 4F) 2050s(2050—2060 4F ) FI%L
PHATR I, FEUERT B A /N2 A B I 2 A P T
H SRR S RE SN 128,60 mm . 7. 78°C Fi
2236.60°C , H FAKRAFTMNZ PR & S
ISR 91k 365. 28 mm 25. 09°C 1 1 588. 68°C
8 WA/NE-HEKREFTWNTEREF ARk 4 4
P 1] BEAH 55 T FE e B A AR fb i

3R 8 AT, & /NAZ A T I DN 2 AF 7 2 B W o
TEAR KA [ BF BEAEBRIE K, SSP2 — 4.5 & T

xR8 KEHEARERTENE-EEXKEFTHASIE
EFHEREFEEHBEHTHE
Tab.8 Changes of climate factors in MIROC6 modes
during growth seasons of winter wheat and summer
maize compared with baseline periods
Ak RS PRSI AR
EE A/ mm 2B/ C AL/ C

e ekl

2020s 3.54 0.39 128. 16
2030s 11.58 0.77  210.89
SSP1 2.6
2040s 9.09 0.86  201.67
2050s 6.69 1.44  314.58
2020s 5.34 0.32 68.37
2030s 9.04 0.93 226. 89
SSP2-4.5
2040s  35.66 0.98  217.51
2050s -6.39 1.41 302.92
2020s 9.48 ~0.18 -29.45
2030s -12.77  1.21 267. 33
KINAZ SSP3-17.0
2040s -9.55 1.12  208.84
2050s 6. 69 1.92  363.43
2020s 1.73 -0.03 -29.45
2030s 8.42 0.44  267.33
SSP4 3.4
2040s -5.25  0.78  208.84
2050s  -29.21  0.98  363.43
2020s 8.30 0.56 121. 40
2030s 16. 50 0.74 143. 17
SSP5 8.5
2040s 19.70 0.92  233.12
2050s —4.65 2,12 428.58
2020s  32.73 1.10 99. 19
2030s  27.71 1.96 176. 75
SSP1 2.6
2040s  97.01 1.91 167.32
2050s  117.77 2.07 178. 19
2020s  66.29 0.98 85. 61
2030s  32.44 1.89 160. 66
SSP2-4.5
2040s  26.10 1.72 153. 89
2050s  63.04 1.93 176. 60
2020s  65.97 0. 94 83.12
2030s  69.87 1.02 96. 32
HEXK SSP3-7.0
2040s  59.76 1. 66 146. 46
2050s  101.58 1.58 137. 80
2020s  176.48  0.11 83. 12
2030s  34.55 1.10 96. 32
SSP4 3.4
2040s  76.45 0.99 146. 46
2050s  90.91 1.81 137. 80
2020s  46.33 0.85 77.53
2030s  51.39 1.07 88.20
SSP5-8.5
2040s  56.31 1. 64 140. 14
2050s  167.46  2.13 184. 30

2040s Z2 4 - R TR 1 3G K B O KA F 35. 66 mmy;
SSP4 —3.4 5t T 2050s A3 N R /D i %
W/ IAF] 29,21 mm, H EKRAEF N ZEFY
R RN B AE AR 5 R HERCTS 56T ¥8m, Hoh SSP4 —
3.4 55 F 20208 AE BB R K ERE K, B
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Fig.6 Potential yields of winter wheat and summer maize

in five emission scenarios during 2024—2064
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Fig.7 Potential yields of winter wheat and summer maize during 2020s, 2030s, 2040s, and 2050s under five emission scenarios
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