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Abstract. Efficient and sustainable water use in agriculture, as viewed through the lens of water footprint
analysis, plays a crucial role in enhancing regional food security and environmental sustainability.
Focusing on the rice — wheat rotation system, a crop water footprint calculation model was developed
based on water footprint theory. The model was applied to assess the efficiency of water use in the rice —
wheat rotation system in Lianshui Irrigation District spanning from 1960 to 2019. The analysis revealed
the temporal evolution and influencing factors of water use efficiency in this system. Results indicated that
the generalized water system number was ranged from 0. 50 to 0. 76 over the study period with a multi-
year average of 0.65, showing no significant overall trend. In contrast, the crop production water
footprint exhibited a yearly average of 58.4 m’/GJ, displaying a consistent decline. Specifically, the
green water footprint accounted for 40. 6% ~ 80.4% of the overall water footprint, while the blue water
footprint averaged 22.6 m’/GJ. Meteorological factors, predominantly precipitation, significantly

influenced both the broad water system number and crop water footprint. The study highlighted a negative
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correlation between crop production water footprint and agricultural inputs, as well as regional irrigation

intensity. Factors such as agricultural mechanization and water-saving irrigation practices played a crucial

role in shaping water use efficiency. Enhancing rainfall utilization and adopting advanced agricultural

technologies were identified as effective strategies to optimize water resource management in agriculture.

Findings from this research can offer valuable insights for developing regional agricultural water

conservation standards.

Key words: agricultural water use efficiency; rice — wheat rotation; blue-green water; crop water

footprint; path analysis
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&1 AquaCrop RESHRE

ET—"5% + RZ&MH , mm

Tab.1 Parameters calibration of AquaCrop model S 5 e FHE KR, mm
i H T}'\“Tﬂé}ﬁ KRG &N D, % RIREB RS, mm
W06 TR B 6 (CCy ) /% 6.7 1.5 P - ) e ‘ .
. R (CC) /(% -d-1) 0.0 4.3 AF—55 1 =1 K55 ¢ KAH L W E] K242
S TEIRREER(CDC) /(% -d™") 9.6 7.8 b5, mm
AT ¥ (CC,) /% 7 97 9 2 S0 5 K 43 9 K 3 5 4 K
ES i KA R IR/ 0.4 1.2 . ; _ N SN ,
WA RCARRE/ LS G SR, KRR 7 B K 5 IR K W U 9
7 B REK,, 1.2 1.3 , B} - e
E=AE S R YRy 2 N b2
TRV ) 120 o ATRRMESOKVEIR . i Tk Rk
S BBk R (HL,) /% 46 42 PEE KRS 207 IE A A TR 2%, Rtk - 1) 4R
MR R LR (P ) 010 0.30 53K A iR RE K 2K 0l 2k 2
Wit 56 R AR T TR (P iower) 0.40 0.65 _ . -
T P, g‘ EL S 4 {mj
AR XFALIFEERE M EBR (P ypper) 0.50 0.70 RO 7 R TS
Sl 5 U2 R 0 L BR (P, ) 0.55 0.75 FO ZFD (P 4T -5) I, (D. +ET )Fff)l
Y9 7E KR B I/ C 50 0 e Y At T
WM ;
4 AR R/ C 30.0 26.0 / o
F =F% 4+ (P, +1 =805 : 7 - (D, +ET,)F‘—”
ﬁl:#j Pz %‘tﬁﬁ%7k%,mm T, -1
1 ——55 ¢ KB K &, mm (2)
k2 WERERZEVETHUS
Tab.2 Crop growth period division of rice — wheat rotation system
KR H iR 1) 43 BE) T 2 A i AT A 1 FLA) gt
6 H 10— 6 H19 H— 7H29 H— 8 H20 H— 9H9 H—
H 1 10  2—18 H
18 A 7H28H 8HI19H 9H8H 10H1H
KN -Lch-p i 43 BE ik 4 1 R P 2 R Fil Bl AE 30 T L
o 10 425 H— 1146 H— 12510 H— 2H8H— 3H 12 H— 4711 H— 5410 H—
’ 1MASH 12H9H WAE2 HTH 3 11H 4 10H 5H9H 6H8H
Krp F,,—% -1 KHE/KE, mm T— 1% 5B B B S B ], d

FO——45 ¢ — 1 KWK R b K&, mm
FYO——%5 0 — 1 RH K& gk, mm
AR A5 T (1) 5% 2536 K ) 45 20 vl 2 1 2 Kk 40 30
AV AR SR IR AR R G H O R ZRK
|
(b)

ET" =ET, -—
t tFI_l
(g) (3)
ET'® =ET !
t lFt71
X ETY —55 ¢ K kE , mm

ET,* ——%5 t R&t/K 4, mm
T 22 B R R G0 Pl L 28 K 78 I B X AE 1T AS g
CTHE S A 0y PR S THE T 7R A K A P
BRI 5 AT T5

T
Bye= Y ET"” (4)
t=1

T

Gyp = 2 ET[(g) (5)

t=1

A Bw*t‘—_'f/lz%ﬁ—'g?kéﬂ ,mm
Gw—_ﬂg%é%ﬂ(/%ﬂl ,mm

T KO 8 B 8 A R) K 5T 5 AR AL AR
7K JE 375 ( Crop water footprint, CWF) FoRVEY) 4L 7= ad
TP SR AR ORI R Y B A

Cpr=Byp + Gy (6)
K Cpp—— 1 EW/K R, mm
1.2 {EMAEFKBITEREIER

VEWI K R SRR 803 AR A 7 K R i
SCK Z B, AE W) A 77 K & 7 ( Crop production water
footprint, CWFP) F 1 4 7K & 305 1 7 i e AE R TH 5T,
i B VR 0 7K B PR A R R

Cor

Cyrp =10 1% (7)
B,

By =10 ;ﬁ (8)
Gy

Gypp =10 ‘Y” (9)

KA Cppp—EY LK, m*/hm
By ——VEWIE P2 W /K 52 (BWEFP) ,m®/hm®
Gy pp——EWI A P 5K 2L 78 (GWEP) ,m®/hm®
Y—1EY) = kg/hm2
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Fig.1 Generalized water coefficient and M — K test of

rice — wheat rotation system from 1960 to 2019
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Fig.2  Water footprint and M — K test of crop production

in rice-wheat rotation system from 1960 to 2019
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Fig.3  Evolution of factors of social production from

2000 to 2019
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Tab.3 Driving force analysis of generalized water

coefficient in rice — wheat rotation system

RS} [DEE3TREER 4 ik
EE ]
(EES X, X, X, X, Xs EX 4
X; -0.266 0.018 -0.008 0.055 -0.079 -0.280
X, -0.027 0.175 0.011-0.027 -0.202 -0.070
X5 0.081 0.027 -0.004 -0.031 -0.053 0.020
Xy -0.093 0.157 -0.008 0.027 0.238 0.321
Xs  -0.880 -0.024 -0.006 0.005 0.025 -0. 880

K3 NBRERGAM NS IR N TX GE W H
P A2 MR R, 4 A4S AR R X (R R B /MK
R Bk (X)) AR (X,) L H BRI 8 (X,) |
AR (X)) G (X,) SR X GE PR IE [ AE AT, H
G 2 M) 52 B0 1) 200 o S e, A X I R XL
B WK BT GE B 4 0 ] 2 52 0 — B, i I A
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IX 7K 48 R 3, AR K B AT 1000 mm' ! {H AP
SRAEAEZETT LK P I 28 ) WU 52 87 2 e i R 5%
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S 3 38 A ML LA AR B0 0 A K T AR A
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Tab.4 Driving force analysis of crop water footprint in rice-wheat rotation system

BT HEE SESHEEN PR

SLEEE L X, X, Xy Xy Xs X X Xy Xy Xio B
X, —-0.408 -0.233 0. 007 -0.171  -0.002 -0.550 0.178 -0.008 0.315 0.112 -0.760
X, 0.353 0.269 -0.010 0.084 -0.006 0.589 -0.140 -0.025 -0.323 -0.092 0. 700
X, -0.069 0. 041 0. 049 0.096 -0.001 -0.223 0.112 -0.005 0. 180 0. 000 0. 180
X, 0.290 0.241 0.102 -0.023 0. 006 0.602 -0.051 -0.049 -0.308 -0.081 0.730
X -0.024 -0.037 0.081 -0.004 -0.078 0.236 -0.019 -0.029 -0.135 -0.011 -0.020
X -1.309 -0.171 -0.159 -0.012 -0.133 0. 004 0.172 0.108 0. 744 0.116 -0. 640
X, 0.319 -0.229 -0.155 -0.024 -0.046 0.001 -0.707 -0. 005 0.428 0.078 -0.340
Xy 0. 169 0. 020 -0.053 0. 002 -0.084 0.004 -0.838 -0.010 0.443 0. 066 -0.280
X, 0.751 -0.171 -0.152 -0.016 -0.119 0.004 -1.296 0. 182 0. 100 0.118 -0.600
X 0.153 -0.298 -0.212 0. 000 -0.154 0.002 -0.995 0.162 0.073 0.578 -0.690
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