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Fig.1 Schematic diagram of the study area
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Fig.2 Relationship between irrigation water use and agricultural
economic benefits in Shiyang River Basin

2.3 KEtZHFREEER

L 2020 4E LS 2255 A RN 22 4 ~F- 355k /K Ry
e, ERMEE RN LERERRER. [ XERS
WD AN F RGP A BUK B 5%, 5 s il
TREX MK 51K T =14 9800 A i X S /K3 K T -

2 %z LU A sk 2D F 5 TR THE (X 3t 2 7K 51 KR Fp i S X b
TKERIK T -3 38 3 FhiG B,  BEFRE HLHUK gk He A S 53
5% 10%- 15% F120%. 11 2515 SR ST T R4
VEE G T AR D BB 2 TN 3% 6% 9% 12% AT 15%.
Bl & 25 R B U AL R HERE, AT 8 5 OBk Hh i AR
WL, MRERFERX .
2.4 KEFREEIENL

2RI I R K R K 2 IR, TR T AR
IKEVEEEFHFF RN PR EX 5 RS H 1 a ok
K CAD S KT HERE, MR KB IR AN H R K
Jei A R U R X S B P E I . R VR E X R IX 2
[ KA ¢ BRI E M, A FH 7K 3 A5 B SR v 5 A T VR
VEE DX RN X ) K B A i

‘Zwvzhﬁmw amn

S Vo Vo 3 AR i R DX bR KRR D 4 R R
B, fem’, PWERHE SR (31, 34].

FR T R X R R VR E X TR R S R A, KR
TR R A G, X LUl B0 7K &1 5 FE ok
IR A G R, R I 2 J0 2R M R] A 56 R R 4%
TEHRAK . BB R IK & O, 7S T R G0 il 1 b R
B Ry BE/KE P ROV AKE X, TIHKE W,
M HKE w, Z 2 g ERERR (K 8),
R*=0.92, P<0.05).

Qcq =0.146R; +0.005P, — 0.164X,,
—0.527W, — 1.362W, +3.437 (18)

3 ZRSS

3.1 Pareto :xfifi

WAL R AE S fE (400 41) 3 [H] K4 B Pareto
ARSI Pareto fREEH LB —4E V1, RIIK-R
Mp-AE S DL P H AR 2 B AU R 98 (B 3) . g5 5R
R, RIET G SRS K TIR TR, B hAES
K, X2 S8 R KA FREMEER R (B 3b~KE
3¢) o fows M faps Z 0] R AAHSCHE R R 0 A0, METFA
M 129.93 120 B 144.93 1258, bR /K45 8
12142 m® /0 E 0 (& 3b), Tt B2 50 2525 1 8 ks AR
A G b DA BT 7K B4 ek /D B 22 DA R AR AR A
Kl 3c FIIE 3d 2 IR R, B H AR 2 (W #AETE
AR R B 3b~E 3d Pl s, EFaRZn
TEE—E S, FIAS [ B4 25 KR R 7K 3K i 2
V) 3 AT K 4 15 SR A [ 1 2257 23 AN A 25 F K A

8 = 24 2 ) v X DL 375 AT 00 3 5z 1 4% H s D) Fr) L A
KA, K HIMEL T AT AR E IR Pareto I ALl 2
[ ZE 5. WK 4 frs, AR 3 AT B ARAT R
FIE K& fyn, FTH Pareto AR fife (1) BUAE Y8 FEl A 129.93
1278 < frups < 144.93 1275+ 0 < fowe < 1.21 12 m*. 0.50 <
Jows <0.95. 1.44 12 m® < fyyp <2.93 12 m* . AHARALFRZ 1],
2 80 H AR ABLTE T AT A A il T ity 350 2 (80 20 3, 3%
Fh AR AT W IR 2R BEAR IR T /K A AIAE 25 2 8] 77 B


http://www.tcsae.org

RPMFEE PRIETEK-AO-E R R X 2 KL B 243

%2
& BT R &R
1.5
IS “
g 3
0.6
005 o508 a3
Jows/ 7, fo® 130 135 140 145
a. Paretoffft4 S/ 078
a. Pareto solution set b. fows~aes
1.5
"E 1.0 3
= Re ) B 58 2
) § < 05 ’§ o' % Eo
os s _S3 Be -S’i
130 135 140 145 05 06 0.7 08 09
Suen/ LG Jews

d'f(.}WRNfl:‘,WS

TE: fows WU KIE R, 12 m's fi WRIWEF, 1270 fows NE
B K B S0~S4 73 5l A AN TR i 7K B S BC B 7 % . Note: fowg is
groundwater balance, 12 m’ ; faps is agricultural economic benefits, 127G ; frws is
satisfaction of ecological water use; S0~S4 are different water resources

C'f;i\VSNf;\FR

allocation schemes.

B 3 Pareto RAFER FELILF
Fig.3 Pareto-optimal solutions and its projection
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Fig.4 Parallel coordinate plot of Pareto-optimal solutions
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Table 1 Proportion of water use between agricultural and
ecological as well as quantity of water use for canal and well in
different calculation units

VIR RIFRIKE

Proportion of water Quantity of water use for

E T consumption/% canal and well/fZ. m®
Calculation units &l s Wik (l}{%(j;;];_
AgricultureEcology ~ Surface
ot water
. R TRE X 90 10 8.42 0.35
R Yz
L ﬂfjsi?y fem FEIEX 96 4 - 493
[RE) A Hh 82 18 2.50 0.83
PEi T R4 7K B Z 84 16 1.81 0.69
Xihe subsystem &Il 574 93 7 1.54 0.38
KT RG gl
Dajing K b 94 6 2.01 0.66
451 Whole Basin 90 10 16.28 7.84
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TN T RO IR UK R, B0 A sk i Aol A 7k
Wb, WA Z BT R AKX K, T -
1AE T -3 31X 2 2845 5 T /ST T R G0 R T 7K 32 4 5 389
oA R, 4 b R S s 6.9%~ 49.2%
8.1%~443%., 51 2154, T-1 801 -31X 2 Fif
SRR TGNk K, RO R RO K $E
2R AKE, % T K AR .

®2 | NEKBERTEKEEZRTR

Table 2 Changes in water quantity elements under scenarios

ITand II 12, m®
gk K&
K A YR A Agricultural water b
Scenarios of water and soil resource consumption Inﬁjiﬂjgjéi ;
management K K d
Surface water Groundwater
F N & Baseline 8.85 5.24 3.36
5% 8.54 537 343
I-1 10% 8.26 5.21 3.52
B 15% 7.86 5.08 3.63
20% 7.56 4.82 3.73
5% 8.90 5.13 343
IS5 12 10% 9.08 4.77 348
Scenario | ) 15% 8.82 4.74 3.54
20% 9.02 4.33 3.60
5% 8.72 5.25 342
13 10% 8.59 5.08 3.50
B 15% 8.47 4.83 3.59
20% 8.33 4.61 3.65
3% 8.68 5.17 3.48
6% 8.40 5.10 3.52
Sk ks 5L
;I’Jﬁﬁh 9% 8.19 4.97 3.57
cenario 12% 8.15 4.90 3.61
15% 8.02 4.75 3.69

e SRR R 2020 AR TERROARBUAN Z Bk, T KR b
BUKE: 1 -1~1-3 3 3R 3K 51K Il R K SRR 42 il ek 3
FIRGURAH R ARIRAK: 5%~20% Al el 11381 5. /b BT AR,
3%~ 15% AL,

Note: The baseline scenario is the socio-economic development status and multi-
year average inflow in 2020. Scenario I: Reduce water intake; I-1 to I-3 refer to
reducing surface water diversion, reducing groundwater pumping, proportionally
reducing surface water diversion and groundwater pumping, respectively; 5% to
20% denote the reduction ratio. Scenario II: Reduce irrigation area, with a reduction
proportions of 3% to 15%.
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B KIE N T RG b g A e, PRIE— 2 1%
TSR 7K A 2 R A 3 R D S AR SR ) DS i . 2 A
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R 7 AR A ik
Ecological water supply in
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a
°

340 3.45 3.50 3.55 3.60 3.65 3.70 3.75
iR K EInflow of Caiqi/fZm?

B5 RHBHASEKSHIGERKGXZ
Fig.5 Relationship between ecological water allocation in the
Mingqin Basin and the inflow of Caiqi
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Fig.6 The relationship among economic benefits, satisfaction of ecological water use, groundwater balance,
and the inflow of Caiqi under diverse scenarios
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Table 3  Gross water supply based on optimal allocation of water resources (z m®
ViQIAZEVIN K N PEEPIN SRR
T Agricultural water use Ecological water use Water use in other sectors Total water supply
e
Calculation units HF K AN ik LIS K K HiZ Ak R K
Ground- Ground- Ground- Ground-
Surface water Surface water Surface water Surface water
water water water water
HHE TR X 6.60 0.001 0.47 0.31 1.11 0.01 8.18 0.31
VGRS X - 4.42 - 0.22 - 0.32 - 4.96
Liuhe subsystem RE) & 1.91 0.93 0.58 0.05 0.10 0.08 2.59 1.06
AN 8.51 5.36 1.05 0.57 1.21 0.41 10.77 6.34
- 5 7K B fdHh 1.28 0.63 0.30 0.05 0.26 0.004 1.84 0.69
. P /](l:lﬂ‘n_
PRI T A5 S)NE TR 0.78 0.36 0.07 0.01 0.77 0.01 1.61 0.38
Xihe subsystem N
AN 2.05 0.99 0.37 0.07 1.03 0.01 3.45 1.07
KT 245 "
Dajing subsystem PNE 1.81 0.65 0.14 0.01 0.07 0.01 2.02 0.66
& 11 Total 12.38 6.99 1.55 0.65 2.31 0.43 16.24 8.07
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Optimal allocation of multiple water sources in arid areas based on
water-agriculture-ecology coordinated regulation

ZHU Xingyu'?, SU Xiaoling"**, HU Xuexue?, CHU Jiangdong?, JIA Danni?>, WU Haijiang?, ZHANG Te?

(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education, Northwest A & F
University, Yangling 712100, China; 2. College of Water Resources and Architectural Engineering,
Northwest A & F University, Yangling 712100, China)

Abstract: Water scarcity, food crisis, and ecological degradation have been the bottlenecks in a considerable percentage of the
world under the dual influence of global climate and human activities. Trade-offs between agricultural development and
ecological effects are of great importance, especially in arid areas with highly developed agriculture. Water resources can be
allocated, according to the mutual feedback relation among water, agriculture, and ecology. The agricultural and ecological
water supply can also be optimized in different units. Synergy effects of the system can be expected to compromise the
conflicts for the water security, sustainable development, and ecological health. In this study, an optimal allocation model of
multi-water resources was constructed in the Shiyang River Basin using water-agriculture-ecology synergistic regulation. The
objectives were taken as the groundwater balance, agricultural benefits, and ecological water use. Besides, the coordinated
development degree was deduced using collaborative optimization with the NSGA-II algorithm. Trade-off and collaborative
relationships were then quantified among water, agriculture, and ecology. The allocation schemes of water resources were
finally proposed for the suitable water use proportion between agricultural and ecological under the synergistic promotion of
water-agriculture-ecology. The results showed that the net water demand of irrigation was 14.99x10° m® in the Shiyang River
Basin, whereas, the upper and lower water demand of ecological vegetation were 0.91x10" and 3.35x10® m’, respectively. The
current balance between the supply and demand of water resources was attributed to the crowding out of ecological water and
overexploiting groundwater. The water demand was also exceeded the water supply, in order to fully meet the minimum
demand of for ecological water and groundwater. There was a water shortage of 1.44~2.63x10°*m’/a in the Liuhe subsystem
alone. Furthermore, the agricultural benefits, ecological water use, and groundwater balance were 137.53x10® Yuan, 0.60, and
0.59x10* m?®, respectively, in the optimal allocation scheme. The agricultural benefits increased by 1.9% than before. The
positive balance of groundwater was achieved in 0.59x10°m’. The agricultural and ecological water was accounted by for 90%
and 10%, respectively, in the whole watershed, while that in canals and wells was 67% and 33%, respectively. The economic
benefits of schemes S2 and S4 were reduced by 5.4%, compared with the optimal decision scheme (S0), while the groundwater
balance of schemes S1 and S3 was reduced by 92.9% and 95.2%, respectively. Compared with the baseline, there was a 6%
reduction in the water diversion from the middle reaches under diverse water and soil resource management, in order to
guarantee a water inflow of 3.48x10°m’/a from Caiqji. In this case, the agricultural and ecological water consumptions of the
Liuhe subsystem were 13.87x10°* and 1.62x10°m’, respectively, while the groundwater was in a positive equilibrium of
0.70x10°m’. When the inflow in Caigi was 3.48x10°m’/a in a normal year, the ecological water use and groundwater were
achieved to balance 1.6% of the agricultural benefits in the middle reaches. The ecological water use and the balance of
groundwater were elevated by 4.8% and 18.6%, respectively, compared with the baseline. There was a synergistic trade-off
between groundwater balance and ecological water in agriculture. The water resources in arid areas can be managed to maintain
an appropriate balance among water security, agricultural development, and ecological health. Failure to consider the mutual
influence among different water users can result in the decision biases and suboptimal schemes. This finding can provide an
effective way to analyze the complex relationship among water, agriculture, and ecology. A strong reference was also offered
for water resource planning and management in arid basins.

Keywords: water resources; optimization; ecology; water-agriculture-ecology; coordinated development degree; coordinated
regulation; water use ratio; Shiyang River Basin
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