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Study on water footprint and water efficiency of cereal production in the Huai River basin

JIANG Jiyu, LIU Jiaming, ZHANG Shiyun”

(College of Economics and Management, Anhui Agricultural University, Hefei 230036, China)

Abstract: This study explores the total production water use and efficiency of three major cereal crops, namely rice, wheat, and corn, in the
Huai River region and provides a reference for ensuring food security and promoting the sustainable development of food production. The
study took 35 prefecture-level cities in the Huai River and Yishusi water systems as the study objects, and based on data on cereal
production, water resources, and climate in sub—cities from 2000 to 2019, the Penman—Monteith model, Exploratory Spacial Data Analysis
(ESDA) model and spatial Durbin model were used to measure the water footprint intensity of cereal production in the basin to reflect its
water use efficiency and analyze its spatial and temporal evolution characteristics and influencing factors. The water footprint of cereal
production in the Huai River basin tended to stabilize, and the overall water footprint intensity of cereal production decreased by 82.86%.
The spatial clustering of the water footprint intensity was significant, and the clustering state gradually stabilized. Socio—economic
conditions, agricultural production inputs, agricultural production conditions, natural conditions, and resource endowments had a
significant impact on the water footprint intensity of cereal production. The study concludes that the total amount of water used for cereal
production in the Huai River basin has increased as a whole, and water use efficiency has generally improved. There are significant spatial

differences in the water use efficiency of cereal production in the Huai River basin, with the higher areas being the lower reaches of the
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main stream of the Huai River and the Yishusi system, and the lower areas being the Anhui section of the main stream of the Huai River.

The improvement in the rural economic development level, technological development level, and effective irrigation area can promote an

improvement in the water use efficiency of cereal production, while the improvement in the urbanization level, fertilizer application, annual

sunshine hours, and average annual temperature will have a suppressive effect on it.

Keywords: Huai River basin; water footprint; cereal production; water efficiency; spatial and temporal evolution
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Table 1 Crop coefficients in different months
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Table 2 Indicators selection and data source
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Figure 2 Temporal variation in the total water footprint of cereals production in the Huai River basin(2000—2019)
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Figure 3 Temporal variation of water footprint intensity of cereals production in the Huai River basin (2000—2019)
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x3 EREZHEHE
Table 3 Global Moran's I

GO R A0y A

Year Moran's [ Year Moran's [

2000 0.354(3.645) 2010 0.466(4.796)
2001 0.367(3.769) 2011 0.601(6.024)
2002 0.358(3.690) 2012 0.602(6.043)
2003 0.419(4.280) 2013 0.603(6.016)
2004 0.431(4.477) 2014 0.557(5.630)
2005 0.428(4.449) 2015 0.308(4.508)
2006 0.440(4.557) 2016 0.307(4.486)
2007 0.450(4.671) 2017 0.295(4.269)
2008 0.460(4.750) 2018 0.266(4.373)
2009 0.443(4.579) 2019 0.279(4.530)

TE A5 N Z (8, DL REAS S8 0 25 77 22 O REE s Moran s 13
TE1% A i, T,

Note: The Z-values in parentheses measure the extent to which the
sample mean value deviates from the variance; Moran’ s [ was all
significant at the 1% level. The same below.
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Figure 4 LISA cluster map of water footprint intensity of cereals production in the Huai River basin
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(3) E AR R (HL) , BIFEA 94 77 7K R 30 3 B 4
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LG o XML K IR A AR B, F

LA 1R v A5 2R DI L it A b i 2B el

25 LT YT IR A P A  K R R R A AE
FE A AR R G IF ARWHE L , B 4R 2 RS
MR , S B LA i 2 B ol F2 A A O R e
A5 TR DX LAIE AT Ui B T =R =00 7K 2R Ry LA A 11
TRARSE R X AR
2.3 MRS A WAk B iEEHmEES

HRAE 134 53 B, WETR) IR0 A 0 2 7 7K AR i i 3 23
] [ R 56 R 2, 308 e 2 ) A AR ik — A 3 b H R i)
PR 26 e 2 )3t 800, [l 25 5 L3k 4.
2.3.1 i

(D25 5 AR K 255 & /KR 1 H R 8
BRI RA AT BRI K 1%, A4 7K
6 5 B 23 AR 0 [AATE 0.843% , B e b 48 3% K i /K -
MER T A BT W A 7 FHK R X5 25 A
BT 25 SR — 80, AT AT BB A s R PR A
W PR TR P T KBRS KR SR AL B
M H B S A A o I I S SR R KA
S AE 1% B E K T A 0.326% F10.380% (1) 1E [ /F
AR I e A5 s R FE 4538 X T RE I T REE
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R4EBRBEYEFKBERELMEREFER

Table 4 Regression results of water footprint intensity of cereals production and impact factors in the Huai River basin

75tk EVEER Gl HEY BEHUN [ET AL TN
Variable Regression coefficient  Spatial overflow coefficient Direct effect Indirect effect Total effect
R 25 B SR -0.843###(~10.49) 1.306%%*(8.64) -0.763%%%(-9.74) 1.429%##(6.51) 0.667#%%(2.92)
H=rlk 0.326%#%(5.10) -0.611%%%(-4.50) 0.280%%%(5.28) -0.705%%(=3.74)  -0.425%*(-2.12)
WAL 0.380%#%#(5.49) 0.158(1.16) 0.408+#*%(6.10) 0.387%%(2.37) 0.796%+%(4.86)
BHE R K -0.037%*(-2.15) 0.072*(1.77) -0.031(-1.53) 0.089(1.49) 0.058(0.81)
R 25 0.338%+*%(15.61) 0.121%%(2.19) 0.357%%%(17.89) 0.317%%%(4.09) 0.674%+%(7.81)
ol 2ty 0.178*+*(3.62) 0.427+%%(4.21) 0.204*%%(3.70) 0.647+%*(5.01) 0.851%%%(5.95)
FRCHE W 1T -0.262%%%(-6.57) 0.396%%%(4.19) -0.237#%%(-6.94) 0.4227%%%(3.44) 0.185(1.42)
MBI K 0.088%%(2.30) -0.009(-0.12) 0.093%%(2.45) 0.034(0.29) 0.127(1.00)
H bR -0.017(-0.94) -0.297*#%(-6.92) —0.042%%(=2.19)  -0.421%%%(-5.95)  —0.463%*%(-6.27)
AL it FH 0.340%#*(11.55) -0.159%*(-2.57) 0.332%*%(13.15) -0.071(-0.89) 0.261%%%(3.17)
A R 0.440%%%(2.83) -0.848%#%(-3.12) 0.382%%(2.39) -1.011##%(-3.18)  —0.629*(-1.89)
AEP Y SR 1.584%+%(5.79) 1.092%#(1.97) 1.715%%%(5.78) 2.191%%%(3.00) 3.906%#+(4.84)
AERE K S 0.063(1.46) 0.188%%(2.16) 0.080%(1.92) 0.283%%(2.34) 0.363%*%(2.98)
K B B -0.046(-0.105) 0.017(0.33) -0.046(-1.62) 0.005(0.07) -0.041(-0.55)
A 0.318%%%#(6.44)

T o ok S RIRIRAE 1% 5% 10% K B T

Note: *#% *% and * indicate that they are significant at the 1% ,5% ,and 10% levels, respectively. The same below.
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Table 5 Robustness test of empirical results
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Voriahle EIRES 3 61 h R 5 CTEES” CIEEL
Regression coefficient Spatial overflow coefficient Regression coefficient Regression coefficient
A 2 R K -0.764%%%(=9.19) 1.414%%%(5.39) -0.769%%%(=9.04) -0.520%**(=7.11)
5=l el 0.384%#%(6.21) -1.293%#%(-6.31) 0.112(1.61) 0.012(0.18)
WK 0.543##%(8.52) -0.344(-1.39) 0.4427%%%(6.46) 0.361%#%(5.62)
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A KT -0.076%%%(-4.63) —0.422%%%(-5.54) -0.009(-0.52) 0.009(0.51)
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