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Sustainable Development of Water Resources and
Food Security in Northwest China

Wang Yubao, Liu Xian, Shi Lijie, Shangguan Zhouping, Wu Pute, Shan Lun, Zhao Xining
(Northwest A&F University, Yangling 712100, Shaanxi, China)

Abstract: Northwest China has abundant light, heat, and land resources, but limited water resources which has restricted the sustainable
development of food security in this region. Water-use efficiency in crop production, water resources stress, and virtual water output of
crops in Northwest China are evaluated using water footprint and virtual water as analysis tools. Grain production and agricultural water
use in Northwest China are predicted. Furthermore, policy suggestions are proposed to guarantee the sustainable development of water
resources and food security in Northwest China, including gradually reducing the scale of agricultural water use in this region, optimiz-
ing the crop planting structure, and implementing a virtual water project along the Silk Road Economic Belt. This study is hoped to pro-
vide a reference for the rational utilization of regional water resources and the formulation of food security strategies.
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x1 ARMXRAGERSEFR

iH BRE AE NEEH TR Hl HilF B VG g i [iB]4 i
FEBR AR S AEY) 2000 40 39 25 38 29 27 91 41 34
BABRIERLLS] % 5005 8 45 28 37 30 29 86 8 35
2010 43 37 26 48 31 34 85 45 38
2015 41 39 31 33 29 39 84 45 40
2016 40 40 31 36 29 40 85 46 40
A% K 2000 87 92 80 72 73 65 95 87 62
BLFAKE LB /% 2005 82 93 79 69 66 55 91 84 57
2010 70 92 79 60 59 56 91 80 55
2015 66 88 81 51 54 61 94 81 63
2016 73 87 80 75 53 62 94 83 62
T HEE K & /m? 2000 446 1213 619 644 303 210 829 609 479
2005 378 979 559 616 287 209 753 540 448
2010 362 981 559 597 305 217 673 528 421
2015 327 705 497 565 300 186 617 457 394
2016 305 636 487 565 312 188 617 444 380

039



AL Xk RS R MR L AIFFELRITR

LI Y/ OR

WE 1 AR, AL X 22 MR S ED A=K 2
IR 2P T RS, EWAE K 2 S AEY A
FEIK R B I 2 SR T B, (BT RRiEE
FHXTE /N

MPEILREAASRE, 2010 4ELLRT, PUdbHIX 254
FEEMA = KR KT A E P KE, TR
P ACHE X 5 GRS AE D A = 7K R IR T 4 [ P 1
AKF. FERFFURT BN, Pt X K AR P2 R IR s 4
AT E KT, (HZEEAHEREN. GKAE
FE R IR AR T A E P K, BHF R EEE
BRI, RETEIL X EAE = HE T ELH
WK BE

XFTPEAEHE X 9 F 4 A 7= K A2 728 J e 4H
[ — X IRA FED 2 0] 2 7 B, BIAEAE 25 E AR
PFss F—AEAS A X S TR 22 et 2 25, RIAAAE

by
o

FHXT EL AR 25

R FAK R 48 A2 7 R i AR 55 BT S K R R
B Y MHUX P IEREDD P i A A R 2 B
Th A H X ) R, AT RE 7 AR DX R R E A
i SR G, B A AR T ALK AE XA ) 3 B
VG b X 55 rp [ A X R] IR B Syl fE .
FURMR AR M, HEWNS) TR, 2016 £
PG b X R R 1.0X 107 ¢, B & BRI
Yt 2.9X10" t. FEBEEED M 5, 2008
G, Pt XCREAE A SN H R FOK B3R I
1.0X 10" m*, 2016 4F 8 & &ik 2.527X 10" m* (AL
# 2.

= AdEXKFIREIEN

LK SRR T e A I 2 SRl X I80OK B2 7,

Lk

DN W W
o L o W
T

R AR R T/ (mke)

mmapE e gy —E—pE —— Hi

100 |

R A= WK SR 43 B/ %

gL mpE —e— s - TE —A—Hl
—— il R —e— g

E 1 ABXEGEREEYESKETEREEMREERES (2000—2016)

040



PEITIERE 2019 F 215 E5H)

X 10° m’
U EY BE

*2 ALMXSENEGMEENRS=ENEMKRZE
WA/ R AdE Tk BE BRSO ORE e B # KR

2000 -2553  111.7 109.4 16.4 2.3 -15.5 46.2 4.7 -53.9 42.7 30.3 14.8
2001 -2352 1141 102.4 8.4 0.9 95 43.6 -27.1 —68.4 342 -17.8 -27.3
2002 -227.5 130.1 127.5 18.0 2.9 51.0 43.4 -8.4 —65.9 41.2 10.3 61.3
2003 -214.1  107.6 169.1 2.0 4.7 69.3 46.2 -3.0 —58.2 18.1 3.1 72.4
2004 —227.7 82.3 147.0 14.1 3.6 19.3 37.9 -11.8 -50.7 18.6 —-6.0 133
2005 —228.7 82.4 154.5 23.6 24 342 48.7 -10.6 —52.8 25.3 10.7 44.9
2006 —224.6 58.1 123.5 23.9 5.5 -13.7 41.0 22 -33.2 344 40.0 26.3
2007 —225.2 333 143.7 33.8 5.1 9.4 60.5 -17.2 -25.0 39.8 58.2 48.8
2008 —227.9 47.7 158.2 21.4 5.6 5.1 65.7 0.2 -30.8 59.4 94.6 99.7
2009 -230.6 71.4 153.0 18.6 2.9 153 47.9 —0.8 -17.4 69.6 99.4 114.6
2010 —238.1 70.9 165.2 24.0 2.9 25.1 49.0 1.5 -13.6 74.0 1109 136.0
2011 —223.9 54.9 179.6 22.8 4.2 37.7 45.4 0.9 -83 722 110.2 147.8
2012 -250.2 58.3 194.6 26.2 4.1 32.9 55.6 0.2 -12.8 749 117.8 150.7
2013 -239.7 41.7 232.2 21.2 4.5 59.8 54.6 0.6 -11.9 84.1 1274 187.2
2014 —238.8 45.0 219.1 7.8 3.8 36.9 51.8 2.6 -16.6 914 1292 166.1
2015 —229.8 67.2 247.5 10.3 32 98.5 62.1 7.9 5.6 110.2  185.9 284.4
2016 -236.5 73.4 263.9 12.5 4.5 124.2 63.3 0.7 -0.7 120.8 1285 252.7
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#* 3 AdcAPER KRR ERE IR E %

. MK /KBRS = KR/ SR E

B[4 1 H [iE[s T E
2000 2.4 19.8 86.9 68.8
2001 39.9 20.7 83.8 68.7
2002 40.8 19.5 88.2 68.0
2003 332 19.4 84.7 64.5
2004 40.8 23.0 74.1 64.6
2005 33.0 20.1 84.1 63.6
2006 426 229 70.3 63.2
2007 41.4 23.0 70.3 61.9
2008 433 21.5 81.5 62.0
2009 38.6 24.7 82.0 62.4
2010 35.0 19.5 80.6 61.3
2011 36.2 26.3 68.3 61.3
2012 37.1 20.8 69.9 63.3
2013 345 22.1 70.8 63.4
2014 41.4 224 70.4 63.5
2015 427 21.8 80.7 63.1
2016 41.7 18.6 82.9 62.4
S8 39.1 21.5 78.2 63.9

x4 AABXAO. REES~, REFE. (EYEKETEMEKETNE

I 8] / 4 A /X100 N fREHPE/ (kghm®)  REFE /X100t EWIEAK R /X 10° m’ F7K & /m
2017 16 371 4717 8886 588 0.310
2018 16 470 4917 9180 584 0.311
2019 16 570 5019 9432 579 0.311
2020 16 670 5121 9684 575 0.312
2021 16 770 5223 9936 571 0.313
2022 16 869 5325 10 187 567 0.314
2023 16 969 5427 10 439 563 0.315
2024 17 069 5529 10 691 559 0.316
2025 17 168 5631 10 943 555 0.317
2026 17 268 5734 11195 551 0.318
2027 17 368 5836 11 447 547 0.319
2028 17 468 5938 11 699 544 0.320
2029 17 567 6040 11951 540 0.321
2030 17 667 6142 12 203 536 0.322
2031 17 767 6244 12 455 532 0.323
2032 17 866 6346 12707 528 0.324
2033 17 966 6448 12 958 525 0.325
2034 18 066 6550 13210 521 0.326
2035 18 165 6652 13 462 517 0.327
(=) LA FHEIKIRE ZFEUREH R RN, 2] 2035 454 7F LW Y

WEANOFEEK, RSB B 1L0X10° R FH IR RIS, U3
042



PEITIERE 2019 F 215 E5H)

B & R By s 2 e EsR, SRS
ik N A R R AR BRI KRR . K
DAk, B E S O E s —, st i,
AR E AR E KRR — B B WU St
N ERR AR T B L. —w— T R
Lz RRBETEE, FEAEARERLEE. (2t
PNV FETI TR LR FR o bl N S5 Hb B2 YRR
BAEPIUR, P E (EETLETIE . 285 T
M, FHREWYEE, LESHE ., EE ) A
BT 3 I B i A5 R I

Y L R G X 8L, e B YR R
B, H LA 4X 100 km?,  H o #E H
TR 3.241 X107 hm?®, #2438 [ Hb 10 B =
) 1/4, BEHLE A Y 2.5X10° hm?, A 2Y4 T 3% FH 7Y
3/4 [7~9]; A TR AR T . FEEKEN
160~700 mm, A¥J/K Bt EHKT 8000 m’, {H{H
TR PE AL XK ZE Y& 2310 m® (/K

HOIE T ROl LR DL A B Aol o, R
55730 7 93045 5 hm® BHth AT 39 hm® B, il
WA N, BRFKEE). HEFIREIX =
KA ERFERNE, BHOLUFEE, £ DR
Fo RAUFBANEEANE, EFHREE, REHR™
iKW ERUR, HKBERK [9].

AT [ R, R 1 b X7 AR 8
ARG ) EAMERM BRI, BRI AR
. A E SR E L X HEAT, sk KT
3000 km, AR FEZRE, &S MRG0
KL, SCATERRRTIZ [9]0 KFEX PR Ak 3,
PG A6 X 2 By B ) VG F R AT R, B
S LRIAEE S PIEA) S giah RIIEE SN IE S g
AN K MR B, SR H RS TG
AL, ERVGEKTTR . L2 B B I St N
PUALHLIX ) 5E G it T SRS LS, o E Y ET
K TARBEE | RS ) At

(D R H E VAR KKK Ak
FERM AN EEwA L, AU R A X 5,
ARG, HE RG] L.
FE LA B WIE R AN 1.774 X 10" hm?, M4 F 3
E 1 19%, FREFILHLIX 1) 234%; ERY L7758
HN29X10"t, Y TIRE W 5%, REFEILHX K
74%; i 1635 kg/hm®, MM FIREN 27%, &K
I PEALHBIX 1 32%, 5 L= R v 213 E P Ak b

XK, MRS 25K 6.164X 107 t, #5 HL B fe it
BB E KR, N AERE PRIk 7.843 X107 t, 4
TR H TR R B A K B AR
Dy FUKBCRARTT, BEL KR B RCRAS R 3R H v b
HLIX F 20%, O AR M5 /K FHERE B AR LA W5 ) T
K MR FEACH X B B, oAU
ALY B 7K PAH LA P [ SR, G SR 7 Hb i
7 555 F AR W R 5 T B A BB A 56 R
BRI, A B FE0 R 0T KR 5 &
5% NS 247 S 2580, i = 7)) E VY Y S VA ]
ST HRO T B R B FR S B e SRR, EREAY
In A K % 5 A E A A AT PR N, 2T
AR AR P2 KPR KK T T 3R i i e

(2) AL B E pa b [X . 0 2l 4
P B A 25 o AR W L [ B K B B IR AR 2R,
WEFILH X K EEERE 6—9 H, FHitbd i
FLE/NZE L RHEY R BE KR L AR X e v,
WK TR A P HEEMEEEE, HRTR
Je sk, HlETEMN TR R E G, &
FE R . FRE R kA A R R 2
TR Z KR Kk, ROERE PG X
AL T E Y-S B H R, s X 2 18] (1
W, BKEIRENESHEER R, AR EREG
Jbthy DXFH RO B = b 25 4 S Pk 454, 3R & X
S ST R K B [ 7 R R A 254

(3) RERETVGILHX 5 b E 9 oK
R b0 G X I 8] (A i, 58 35 0L
A Z B RGP pLE], S BB + SRR ML
B A S, R E b X 5 E S
REUL K BR 5y 1) S i B4 58 B A .

R

(11 XIE8, F4ls, HZ. FhAbHh X K5 J5e B A 3 P B g i A mr
FREER RIS I AL A TR A P AL b X A 2N PR A A X ek
o B 5 RSP BRI M. JEat: BRE i frit, 2004.
Liu C M, Wang L X, Xia J. Study on the allocation of water re-
sources, ecological environment construction and sustainable de-
velopment strategy in Northwest China- Ecological environment:
Study on regional allocation of ecological environment construc-
tion and ecological environmental water demand in Northwest
China [M]. Beijing: China Science Publishing & Media Ltd
(CSPM), 2004.

[2] E¥, KM, TR, & LA R IXOK BEIR R g A
JC [1]. AR TR AR, 2004, 19(2): 151-159.
Wang H, Qin DY, Wang J H, et al. Study on carrying capacity of

043



AL Xk RS R MR L AIFFELRITR

[3]

(4]

(3]

[l

044

water resources in inland arid zone of Northwest China [J]. Jour-
nal of Natural Resources, 2004, 19(2): 151-159.

AL e, FEER, A8ba Fe, S5, P AL IX SRR B v 5 — MR
PRI R A [T]. 22 MR S 224 (E SRR 24RO, 2009, 45(1):
43-49.

Zhao CY, Cheng G D, Zou S B. et al. Spatial distribution of net
primary productivity of Natural vegetation in the Northwest China
[J]. Journal of Lanzhou University (Natural Sciences Edition),
2009, 45(1): 43-49.

ASEAVL. v [ P b7k =27 [l 4% Jmy 5 /K BRI BT s [J]. 3
FREAAR, 2018, 71(7): 1189-1203.

Deng M J. “Three Water Lines” strategy: Its spatial patterns and
effects on water resources allocation in Northwest China [J]. Acta
Geographica Sinica, 2018, 71(7): 1189-1203.

BRI, By, B %k, 5. vEAb 5 XK B ) A o
X P, 2012, 35(1): 1-9.

Chen Y N, Yang Q, Luo Y, et al. Ponder on the issues of water

. F

resources in the arid region of Northwest China [J]. Arid Land
Geography, 2012, 35(1): 1-9.

JRGEOR, ot XIEE, & BT SR AUEE VA IV L SR [X 42
K G VGG S5 PE VPN WE T (0], T 5 X B0 S5 R, 2018, 32(3):

(7

(8]

9]

112-118.

Su X B, Li X G, Liu J F, et al. Vulnerability assessment of water
resources in the northwest typical area based on comprehensive
weighting method [J]. Journal of Arid Land Resources and Envi-
ronment, 2018, 32(3): 112—-118.

AREZR, SRIGHE, BXDENE, 5. GISSCRE T 30 T 5 X H b 5 2)
0T (7). REEREA 7, 2003, 16(1): 19-26.

Zou Y R, Zhang Z X, Zhao X L, et al. Analysis of grassland re-
source dynamics in China’s arid region supported by GIS [J]. Re-
search of Environmental Sciences, 2003, 16(1): 19-26.

Jiksz, BKIGEIR, BAEE, 5. JRIF SRR 2 K2 (1] Rz,
2018, 63(17): 1731-1739.

Fang J'Y, Geng X Q, Zhao X, et al. How many areas of grasslands
are there in China? [J]. Chinese Science Bulletin, 2018, 63(17):
1731-1739.

AT IS - BT AT R I T Al K 5 v O IR BAME 53 B[]
AV 22357 1] 151, 2008, 63(3): 104-109.

Buwajian Alabu. Analysis of the complementarity between
agriculture of five central Asian Countries and that of China[J].
Agricultural Economic Problems, 2008, 63(3): 104—109.



