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Efficient Utilization of Water Resources in Ningxia Yellow River Irrigation
Area Considering Water — Land Resource Balance

YANG Guiyu'® LI Shuoyang'®> CHANG Cui'®> PENG Zhigong'® HE Xiyu'"
(1. China Institute of Water Resources and Hydropower Research, Beijing 100038, China
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Abstract: Aiming to comprehensively implement the water management concept of “ prioritizing water
conservation and spatial equilibrium”, and support the coordinated development of water resource
utilization and ecological security, taking Qingtongxia Helan County Irrigation Area in Ningxia as object,
the potential direction of agricultural water conservation focusing on the two core constrains—the regional
available water resources and the rationale groundwater depth required for ecological security was
analyzed. By employing a water-land resources balance allocation model and setting ten scenarios,
potential directions for advanced agricultural water-saving intensification were explored. The results
indicated that the following measurement should be implemented to achieve spatially balanced
development and synergistic agricultural water-saving, if implementing single water-saving measures:
priority should be given to reducing rice planting area and controlled irrigation, followed by improving
canal system water utilization efficiency and expanding high-efficiency water-saving irrigation area. The
optimal control ranges for these measures were: rice planting reduction ratio should be controlled between
50% and 75% with the remaining area under controlled irrigation; canal system water utilization
coefficient should be maintained at 0. 64 ; regarding high-efficiency water-saving irrigation promotion, the
area proportion in Yanghuang and Yellow River diversion regions should not exceed 80% and 35% ,
namely maintaining 28. 48 km’ and 132. 20 km’, respectively.
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Fig. 1  Location of Helan County irrigation area and

its water-land resources allocation units
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Fig.8 Spatial-temporal changes of water shortage rate in crop growth stage in typical scenarios
%3 FAFREDESLENRTALFABBRER ﬁm?ﬁﬁ"mﬁﬁﬂwﬁmaﬁ,& “ Ik P g
Tab.3 Area under reasonable depth of groundwater A JE N AF R kK j: R 25 [a] Y 5 R R BRI 6 &
in different growth stages in scenarios e AT V5 75 4 It HE MR 22 L X K ) il B

=T ki v »

HA S e

(3 s (9—  HET P Ju—

ES 101) (11—  mH/
4 9 7 omk
B, 2 H) km
ms  m/ R/ %
km? HF/
km? km’
km?
JO 265.15 92.41 253.28 160.42 192.82
S1 276.86 97.34 260.59 171.82 201.65 4.58
S2 278.28 96.2  256.88 172.60 200.99 4.24
S3 272.35 98.66 263.10 166.77 200.22 3.84
S4 266.86 99.67 260.77 161.36 197.16  2.25
S5 265.72  99.2  261.98 163.92 197.71 2.54
S6 268.69 98.74 261.73 163.04 198.05 2.71
S7 268.36 97.18 259.99 162.91 197.11 2.23
S8 264.08 96.28 256.34 160.14 194.21 0.72
S9 270.82 96.64 263.51 167.83 199.70  3.57
A A= 7 401 a) b 2 B A A A A 3, (HORTR) 5 %8

ZESROR, o LIRSS R i B, T 58 ST RITJ7 %8 S2 4%
L 5 et 28T T T AR T RS K R A o B O R 83
7558 89 W2 5 3R F KA B MR T 7 %8 S8 e/l

4 itig

HRA TR A A R SR B

XK AE A DL Je 2017 4 28 3% & J A st iz i 7K 7K SF
SRy by, TR it R Al TR B e 2 7 TR 10
AN SO R B K A 9 R B A R AR DB IR
BRI A i A B M R K A 45 3 S AT RE KR
EAR, 8T 7 A 6] 7 52 10 745 7K 8458 R4 B R 7K
DL AR R O o

ZEA K R AN T K R AR AL & B, % S2
(FEIE 75 % 7K e Tl oK ELJR0 4% 3 70 R 4 0 ) ¢
75 %8 ST(JR I8 50 % 7K g % K HLJ 4% 36 43R F 45
HE ) VE DX oK RIS B B Oy B KRG, AT
A BT K AN 5 0 R T BLED R 201, 65 km > &
200. 99 km” , {5 B 25 76 HoAth 5 7K 35 it A A8 B 1B T
247K R Vol ot — o R, A B i VR K R T
e 7K S (1 TR B 4 T TR VB U D 4 MR KK B
TR 1T R K A BRI R A

J5 5% S3 ~ S5 v B A5 T HE TH ARG A, oK R
—EUF B, HLHR K A7 F 1 7 £ B VR 90 L I B
eS8 5 AEGF T Ak A B R K IR s 4 S L i AR
M5, %S4 ~S5 /NF IR S3, Ryg k. i
FEBUIR HEHE FHK 250 T, 25 SR FH B — 1 8 40T
it , 44 B R 5 | B DX i 800 TR B Gy R i



336 & ok L

L

2026 4

80% F1 35% , 1 T T % FH /K 75 >R B0 2>, A7 BR 0
TR 7K HE LA R 25 Hb T 7K, DT 3 B3 i 7K 47 38 T
RIS B0 B b, T K A 4 B B T e

% S6 ~ S8 B R R KA REGER X
Iof e 7K SR AN A B b T K MR PR AR AR T
HEAE 7 8 BBE %5 R R OK R H R B0 & 40 T4 Bl
K HE R PR T B R R A, L 0. 64 4k Z2iR
=3 0. 66 A2, H R K HE A T A BE B A A
Ji R B

PR, N BRKRR R (- 7)), Y R IE &
ok 7K R A T AL, X T K 3R 5 i g R K
R THE R K A ORI 3 B e e 2 e AT K TR it
SN EDC I e BT N VR RS o8 NS
DA 9ol 7K e oA T R O R AT 4 A8 S A v 00T T
RN R e b IR R KR R BCR B T 0. 66,
IXAT BB VR F AN 7] 47 7K 15 e X Ml R K 93 T b 25 R
[, 3 ol b T 7K A7 M R 1 S T AR 4R R K AT BRI 3
AT AR (B N, (it 5 T KRR B 8 in L T R P TR
NG R K R — 25 D R K 7 2 R i
- R AR L, DT B0 B T K A7 HE T 9
Pl 2 e 1 R 0 /N AR AR RRAE . R L, 7R XK
Hh N 25 S B THE TR AR T K OV A RN A B M K A 2
TR I 25 Y545 5 25 Bl — 25 JF R AR TR B 15 7K, 3R
o7 516 FF R 7K R 9 0 AT 0 , Lk O B R R R
JK R 2 BRI ) e 00T 8 T A L 4 R ST e B —
L, T A2 RIS K AR ARl VE R K AR IE 2 85% HL
MR K EL A E AR TR T 0 3 S BER VE IXOR R Al TR

JEE 1 7K Y KR it R A R IR A R K AR
FiAE I B 50% ~75% HF) A3 20 $047 P 9 VIR &R K
FIH R B HFAE 0. 64 A7 5 16 & S RO e T AUy
AT, 42 8% DX 3 0 1 AR BL N A B 80% , B ¥ X
BN 35%

2 UL 2, AR AR 5 2 LA B — T35 K 5 it S X
FIF R 0. BB Z Rl Zr 5 LR A
AH B S AN, AH R 1) 25 SR ] Re A T A8 4k . 2 i
2 A B AR N TR B T 7K IE BT 29 FH K T 1) RRH R 42 4
1o {1 75 i — 2D I E

5 #%RiE

FE W R K A 5% IR 2 ) Y 5 % JE R IR O 2R 1 A
e, R T ik i b B 2 LV X R, L 2017 A2
TF & A KK S S SE A, DA TR 1 i A0 Al TR R
Jiti 2 7 R 10 AN 5 58, A Bh K B 9% U 85 A
BRI DL B K R e /N AR 7K AR 2SR 7 A PR
T AU R E AR, BT 4 TR 2 B IR Sk ARl
TR BE 19 7K 77 1) R AT BE B (R 45 R R WD, O fR K
R 26 36 A0 M K SR Ak T A BV TR, 7 IR YT
IKAE SR, L i — 25 T J AR B B 15 7K, S5 it B — 7
KR Tl s A 180 o f 3 BT 0 T K A i R 4 1 B
Shy 2 A 45 AL R A T, P OR e K RS R R T AR
50% ~75% HF 453 AT HE 78 AR )i 7 1w
o7 4 1R U R KR AR B HL 4k 5 AE 0. 64 Fiz B 51
X5 v 2551 T R L S R A 80% FI 35% , #LER
I A [ 15 e, L 45 46 1 /L 0 365 224 B

z £ x W

LEARARKESE S ZO & PR ANRILAEAKE[M]. oot Bl R, 1988,

A BRI [ 45 B WK &BI[Z]. 2024,

[1]

[2]

[3] Hhde NRILAE R R 52 5o OKFIES. B KAT 307 %2 (2019—2030) [ Z]. 2019.

(4] #HAEH KPR HKZEE-E 10 £ B H /K S ELHFR K[ EB/OL]. http: / www. mwr. gov. cn/xw/mtzs/xhsxhw/

202503/120250309_1728537. html.

[5] 23, sk X8, . JET WL BEOU AL AR iE 25 b v i i A K s il [T ). Aol TRR~#41¢ ,2018,34(3) ;103 - 109.
PENG Zhigong, ZHANG Baozhong, LIU Yu,et al. Constraint of total water consumption amount based on optimized irrigation
schedule and planting structure adjustment[ J]. Transactions of the CSAE,2018,34(3) :103 - 109. (in Chinese)

(6] VEHER, IRAEFT B 1-2L, 5. KR R K R R R R 0T [T]. fOl AU, 2017 ,48(4) :233 - 241.

PANG Guibin, XU Zhenghe, YANG Shihong, et al. Influence factors analysis of rice leaf water use efficiency under controlled
irrigation[ J]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(4) :233 —=241. (in Chinese)

(7] TR . AL Ak 1K R BRI O D] KO ok TR, 2025, 36(2) :1 - 8.

YIN Feihu, ZHANG Fucang. Countermeasures and recommendations for agricultural water conservation and high-efficient water

resources utilization in Xinjiang[ J]. Jounral of Water Resources & Water Engineering,2025,36(2) :1 —8. (iin Chinese)
[8] FEAL. wEARM AT K4 Rt PR S x R [T]. hEKFR,2024(10) ;1 -9.

KANG Shaozhong. Ten years of agricultural water-saving in China: achievements, challenges and measures[ J]. China Water

Resources, 2024(10) :1 =9. (in Chinese)

(9] EZEW, Zvmbf FW) 55 Bl WK 5 AR BRI R A3 A7 [ C ) /2021 o [ K B¢ I i 280OR) T 5 15 R B AR g IR g 4R

2021.

[10]  FEOKER, =M, HIBAE, 55, SHE AN HE X A 22T W T KRG BEAE (], 3L ,2011,33(3) 1422 - 430.
WANG Shuixian, WU Bin, YANG Pengnian, et al. Determination of the ecological groundwater depth considering ecological

integrity over oasis irrigation areas in the Yanqi Basin[J].

Resources Science,2011,33(3) :422 —430. (in Chinese)

(THE 346 1)



346 YA T A 2026 4
34(5) . 430 —435, 442.
LUO Yufeng, MA Zhen, LU Xinwei, et al. Accuracy assessment of rainfall forecast and analysis on water-saving irrigation
strategies during rice growing seasons in South China[J]. Journal of Drainage and Irrigation Machinery Engineering, 2016,
34(5) : 430 —435,442. (in Chinese)

[25] ALLEN R G. Crop evapotranspiration-guidelines for computing crop water requirements [ M ]. FAO TIrrigation & Drainage
Paper, 1998.

[26] LUO Y, KHAN S, CUI Y, et al. Application of system dynamics approach for time varying water balance in aerobic paddy
fields[ J]. Paddy and Water Environment, 2009, 7. 1 - 9.

[27] HARGREAVES G H, ALLEN R G. History and evaluation of Hargreaves evapotranspiration equation| J|. Journal of Irrigation
and Drainage Engineering, 2003, 129(1) : 53 - 63.

(28] PMoRDE, EREH, MA4F, § ETERENEDTKEMEITEIT]. AR, 2014, 25(7) : 2019 -2025.
TAO Guotong, WANG Jinglei, NAN Jiqin, et al. Calculation method for crop water requirement based on air temperature[ J ] .
Chinese Journal of Applied Ecology, 2014, 25(7) : 2019 —2025. (in Chinese)

[29] GUZ, QI Z, MA L, et al. Development of an irrigation scheduling software based on model predicted crop water stress[ J].
Computers and Electronics in Agriculture, 2017, 143, 208 —221.

[30] Br&ts sk, ROGR, 5. 5 IERE M A R0R F K R =R e Ak [ T] . HERERLO TR24% 4R , 2021, 39(8) : 832 -837.

CHEN Mengting, YANG Lin, WU Guangxing, et al. Optimization of paddy rice irrigation schedule considering effective
utilization of rainfall[ J]. Journal of Drainage and Irrigation Machinery Engineering, 2021, 39(8): 832 - 837. (in Chinese)

(35 336 T1)

[11]

(12]

[15]

[16]

[17]
(18]
[19]
[20]
[21]

[22]

(23]
[24]

[25]

[26]
[27]

Foarit, Rk, J7IE. B 5 g SOl HE R AR A SRR R [T ] K R AR RIS ,2002,9(1) 130 - 33.

WANG Lihong, ZHANG Bin, WAN Ying. Effect of agricultural irrigation on the ecological environment in Southern Xinjiang
[J]. Research of Soil and Water Conservation,2002,9(1) :30 —33. (in Chinese)

M. BV 4 T AR X JR T B0 A A B IR oy B M RS [ D] P % P 2 B TR 54, 2017.

YANG Liu. Ecological environment problems analysis and regulation study in the development of Jinghui canal irrigation district
in Shaanxi Province[ D]. Xi’an:Xi’an University of Technology, 2017. (in Chinese)

XN, T BT R KRR K T 3R S A AR R RORBER [ D] LA Aol ko, 2021

LIU Tao. The control techniques of water-nutrient-salt and plant root in a saline-alkali wasteland of Ningxia Irrigation Area
[D]. Beijing:Beijing Forestry University,2021. (in Chinese)

PR SREALFE Sk, 45 . T B 5] B XK B IR T R R A7 AE 1 R e X 3 [ 7] Al BHL 545 B,2023(12) 1122 - 126.
CHENG Liang, ZHANG Hongling, ZHANG Na, et al. Problems and countermeasures of water resources development and
utilization in Ningxia’s Yellow River irrigation area[ J]. Agricultural Science-technology and Information,2023 (12).122 -
126. (in Chinese)

E T s o S I R R | O A N AP T8 i e Vel 1 D5 s R o DA o v I A 8 - RS ) O 2
2021,32(4) :45 -51.

JIN Xiaohui, FAN Yumiao, DUAN Hao, et al. Temporal and spatial response of groundwater depth in Yinchuan Plain to the
integrated water regulation of the Yellow River[ J] Journal of Water Resources & Water Engineering,2021,32(4) :45 - 51.
(in Chinese)

WRIR, ®X 98, SRRMS. 1990—2021 453 5 ot 2 VA /K b A2 AL 38 AL B[ T ). B FHAE 524, 2024,35(11) 13141 -3148.
CHEN Tan, ZHAO Shuang, ZHANG Dapeng. Remote sensing estimation of water volume changes of typical lakes in Xinjiang
from 1990—2021[J]. Chinese Journal of Applied Ecology,2024, 35(11) :3141 —3148. (in Chinese)

TEIRE B G XKKRAIT. 7E B E G KK R RS & RATFNIR]. 2019.

TEIE AR XOKFT. T EAKEEAMRIR]. 2017—2023.

TE G B K8 R A P, T AR LT T R 5 b b R A T E R [ R 2022,

WP, HE, £ XK LR IR AN E 5@ M. Rt R AL, 2024,

LI Shuoyang, YANG Guiyu, WANG Hao, et al. A spatial-temporal optimal allocation method of irrigation water resources
considering groundwater level[ J]. Agricultural Water Management, 2023,275:1080.

TEMBEAEX. ol #HKEHZ2]. 2023.

WOR R, R OCER, WA, T EOK R IROULEC E S TR SR R AT S [ M. AR - KR A, 2002.
BLA , #H5F, $AL K, S5 A M b G BT K IR RS [T]. KR 224, 2009, 39(7) ;809 - 814.

RUAN Benging, HAN Yuping, JIANG Renfei, et al. Appropriate water saving extent for ecological vulnerable area[]J].
Journal of Hydraulic Engineering,2009,39(7) :809 —814. (in Chinese)

N, BWElR, T 01, 5F. MR KSR EA s AR R s [T ], SR T, 2008,22(2) 1321 - 324.

SUN Xianchun, JIN Xiaomei, WAN Li, et al. Effect of groundwater on vegetation growth in Yinchuan plain[ J]. Geoscience,
2008,22(2) :321 —324. (in Chinese)

THEERARKSH R, BRI R T ERELR. TESEITELEIM]. dta b E g R, 2016 -2020.
TEME B G KAKAT. TEAMGE T AMIM]. @72 ANREE AL, 2020.



