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Spatial and Temporal Characteristics and Future Trends of Maize Water
Requirements under Climate Change and Human Activities

SHEN Xiaojing', CHEN You', LUAN Wenjie*, ZHOU Bo'
(1.School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China;
2.School of Agriculture, China Agricultural University, Beijing 100193, China)
Abstract: [ Objective] This study aimed to investigate the effects of meteorological factors and crop planting area
changes on maize water requirements in the Ningxia Yellow River irrigation area. [ Methods] The Penman-
Monteith equation and single crop coefficient method were employed to calculate maize water requirements and
analyze their spatiotemporal variations in the Ningxia Yellow River irrigation area. The rescaled range analysis
(R/S) method was used to predict future trends in maize water requirements. Partial derivative-based sensitivity
analysis and logarithmic mean divisia index (LMDI) decomposition were utilized to examine the impacts of
meteorological factors and planting area changes on maize water requirements and to identify the primary
influencing factors. [Results] Maize water requirements exhibited distinct spatial heterogeneity, increasing from
the central to the northern and southern ends of the irrigation area, with overall lower values in southwest than in
northeast. Future water demand predictions indicated an increasing trend for maize water requirements at the
Huinong and Yinchuan stations. Among meteorological factors, relative humidity showed the highest sensitivity

coefficient. Unit-area maize water requirements increased with rising maximum temperature, minimum
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temperature, wind speed, and sunshine hours, but decreased with increasing relative humidity. Throughout the
study period, changes in crop planting area were the primary factor driving variations in total maize water
requirements. [ Conclusion] The expansion of maize planting scale has a significant impact on the increase of total
water requirements, while meteorological factors play a relatively minor role in the variation of total water demand
during this period. The research findings can provide decision-making support for determining rational crop
planting structures and scales, as well as adaptive water resource management in irrigation areas under climate
change scenarios.

Keywords: meteorological factors; planting area changes; water requirements; Yellow River irrigation area;

rescaled range analysis (R/S); logarithmic mean divisia index (LMDI)
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Fig. 1 Geographical location of the research area
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Table 1 Basic information of meteorological stations in the

Ningxia Yellow River irrigation area
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Fig. 2 Spatial distribution of multi-year CWR, and IR, over the maize reproductive period
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Fig. 3 Multi-year trends in CWR,, IR, and P, for maize

222 HHAERFCWRAIR AN EZALET A
B DUBUR R B R e G R XS R TR K
() 52 ) 2o RO R B /N e B B O Ry 4 5
G, 43 5 R Z s AR (0.00<<1S,/<C0.05) 145 (0.05<<
1S,1<20.20) 5 (0.20<<|S,[<C1.00) AEH# & (IS, |>1.00) .

MF 4 . F 5T LLFE W IXAEY T35 KX 5K
G B UM 53 0, 45 DR ) O R B
J Ry AR B e, R RO O KU | R ES [R] L H
e e AR T A AR IR Y B R S . B AR b X
) CW R, S5 g Ak H RS (] RF X7 18 B i) B0k &R
B T | B DX At Ml DX R L B 2R M DX CWR,
2R 5y 5% 3t e AR H R [R] A X R AR Ak Y 52
e o rp g i XY TR, X S5 AR AR XU ) 0 3R U
| DAt M DT R T X IR, 5
2 B e AR IR ARG AR AR i RE A B e AR IR IR
SR AR | H A B R] AR R S IS XN Y U R B

JIEAH , R W CWR, A IR, Bl 4 f5 i AL o AR 0
JRUEE R [ f b P T 5 AR X R R R TR
FEAWEGE XN X Sy B fE BB B R OE IR EE 6 3G
CWR, IR, B Z FEAK

®4 PRARBNSKEZN CWRHHRRY
Table 4 Sensitivity coefficients of meteorological factors to

CWR in the study area

Bt i Smex Somin S.. S, Sin
A 0.41 0.10 048 045 —0.53
P SR 0.44 0.09 047 058 —0.71
I 0.43 0.13 050 055 —0.66
RSN 0.43 0.13 0.51 0.44 —0.54
i 0.42 0.10 048 042 —0.52
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Table 5 Sensitivity coefficients of meteorological factors to

IR in the study area
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=R 0.31 0.08 0.37 0.34 —0.40
[GPAR 0.30 0.06 0.32 0.39 —0.48
I 0.29 0.09 0.34 0.37 —0.45
ey 0.31 0.09 0.37 0.32 —0.39
L 0.32 0.07 0.36 0.31 —0.39
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Table 6 Results of LMDI additive decomposition of total CWR changes in the Yellow River Irrigation Area from 2001 to 2020 10° m®

b 2R b o I e T

AV Al Al AL, Al AL, Al AL, Al AL,
2001 —1.10 2.25 —4.66 2.22 0.71 0.19 —3.49 —5.68 —1.54 —2.07
2002 —1.28 1.37 —3.21 —1.20 —1.24 2.86 —6.76 0.40 —5.34 —1.11
2003 0.50 9.80 0.79 11.64 1.54 24.92 0.28 19.31 —2.50 12.87
2004 —8.63 0.34 —27.40 10.89 —4.72 —19.17 —10.48 —10.09 1.30 —4.48
2005 2.53 —3.88 —0.94 —4.93 1.54 —0.35 1.99 5.07 2.18 0.06
2006 —1.89 —3.22 —2.89 —2.54 —0.22 —3.16 —4.68 2.54 —0.07 —4.49
2007 —2.31 11.20 —1.04 12.78 —6.18 26.68 —4.35 18.97 —7.15 1.99
2008 3.81 3.64 3.90 5.79 —1.23 —7.62 6.37 2.14 2.48 —2.98
2009 —9.70 —5.10 —4.61 —1.70 1.14 —0.81 —8.45 —0.63 —1.73 1.52
2010 9.19 4.51 6.86 8.30 —1.99 4.64 2.17 4.43 2.25 0.92
2011 —12.10 1.69 —5.59 2.23 0.49 2.41 —6.91 8.89 —3.47 1.39
2012 0.45 1.91 —1.35 3.88 —4.18 —1.01 —1.47 12.06 0.33 5.56
2013 —2.94 0.84 —0.70 8.82 0.29 —1.11 4.33 4.15 2.28 6.23
2014 5.54 2.56 15.79 1.64 1.79 4.70 2.85 12.08 0.73 2.33
2015 0.66 0.89 3.78 1.18 0.20 2.37 1.59 4.47 0.54 1.92
2016 1.15 —1.09 3.43 —15.37 0.34 —3.52 6.29 —3.78 1.05 4.40
2017 —2.44 —2.12 —5.02 —21.11 —2.55 —13.07 —13.56 —17.27 —2.82 —7.04
2018 —0.86 2.47 4.35 8.07 1.37 2.57 9.50 3.50 3.38 3.56
2019 —0.98 1.31 —5.23 —3.31 —0.70 —5.66 —11.07 4.00 —5.96 0.42
2020 1.02 0.85 0.66 14.98 —1.42 5.44 2.85 3.29 2.44 4.32
/it —19.38 30.22 —23.08 42.26 —15.02 21.30 —33.00 67.85 —11.62 25.32

TE AL TR ZX L CWRIYSEN 5 AL, A EY R I BV X B CWR B3 m . R,
RT 2001—2020 F5| HEX 2 IRTHHLMDIINERRER

Table 7 Results of LMDI additive decomposition of total IR changes in the Yellow River Irrigation Area from 2001 to 2020

10° m?
iy A b o) I T hs
AL AL AL AL AL AL AL AL AL AL

2001 —1.49 2.08 —4.37 2.01 0.71 0.17 —6.78 —5.14 —3.68 —1.88
2002 —1.68 1.25 —4.81 —1.07 —1.75 2.56 —5.84 0.35 —0.21 —0.97
2003 0.36 8.84 2.64 10.34 2.15 22.28 0.69 16.98 —2.61 11.29
2004 —17.92 0.31 —27.59 9.56 —5.18 —17.09 —7.51 —9.07 1.87 —3.94
2005 4.33 —3.59 4.80 —4.42 2.92 —0.31 3.33 4.73 5.14 0.53
2006 —3.01 —3.01 —9.59 —2.24 —1.42 —2.87 —6.75 2.35 —2.41 —4.22
2007 —2.24 10.22 2.62 10.86 —4.86 23.94 —1.57 16.89 —17.68 1.77
2008 2.63 3.27 3.02 5.07 —0.85 —6.93 9.77 1.95 4.00 —2.67
2009 —8.51 —4.55 —4.16 —1.48 0.12 —0.73 —11.83 —0.58 —2.89 1.37
2010 9.34 4.10 9.43 7.41 —1.37 4.15 2.21 3.90 3.15 0.82
2011 —11.91 1.54 —5.42 2.03 0.37 2.16 —5.54 7.88 —4.01 1.25
2012 0.12 1.70 —3.75 3.47 —5.57 —0.88 —5.76 10.39 —1.50 4.79
2013 —2.77 0.75 —2.05 7.68 0.86 —0.95 7.96 3.57 4.67 5.43
2014 3.54 2.22 13.74 1.41 0.64 4.02 0.61 10.54 —1.74 2.04
2015 4.22 0.79 9.54 1.05 1.90 2.04 2.61 3.88 3.21 1.69
2016 —1.70 —0.98 —5.27 —13.54 0.38 —3.11 8.65 —3.35 0.11 3.95
2017 —0.53 —1.89 —1.18 —18.13 —1.73 —11.65 —15.86 —15.23 —3.59 —6.20
2018 —1.94 2.22 0.72 6.93 —0.01 2.25 11.08 3.07 4.75 3.16
2019 —1.17 1.16 —0.85 —2.85 0.41 —4.96 —12.65 3.51 —7.22 0.37
2020 0.71 0.74 —0.10 12.31 —2.11 4.78 5.54 2.88 1.00 3.69
/N —19.62 27.17 —22.63 36.40 —14.39 18.87 —27.64 59.50 —9.64 22.27
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