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Fig. 1 Grey water footprint of the northern slope of the Tianshan Mountains
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Fig. 2 Column chart of the proportion of gray water footprint in each city
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Tab. 1  Water resources utilization in northern slope

of Tianshan Mountains
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KHE/m'  F/Otem™)  JFRF WERRE FARERSE
2006 640.71 20.54 0.70 0.50 0.31
2007 53895 24.62 0.63 0.44 0.45
2008  457.60 29.96 0.83 0.56 0.30
2009 39893 37.25 0.83 0.52 0.39
2010 377.16 36.99 0.60 0.40 0.62
2011 316.41 44.22 0.86 0.57 0.38
2012 29222 56.73 1.00 0.56 0.38
2014 24185 70.72 1.14 0.62 0.33
2015 215.68 79.57 0.87 0.47 0.63
2016  215.68 72.87 0.71 0.42 0.73
2017 205.14 72.20 0.77 0.48 0.64
2018 179.61 96.50 0.90 0.49 0.67
2019 163.64 112.77 0.91 0.46 0.75
2020 162.61 129.05 1.05 0.47 0.74
31473 63.14 0.84 0.50 0.52
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Fig. 3 Sustainability of water resources utilization on the northern slope of Tianshan Mountains

55 H AR T AR H, ASHIFSE AR H A 3 K A 5T
GEREARAR AR . DA TR R, ZREE
B BT 5% 7 BT EE 2000—2014 45 A3 K K 2 5 N
600.45 m*/ A, T A & A" B0 95 1T A5 L e
1998—2012 4F A\ KK L 305 H 598.64 m*/ N . AT
U B R 1L AR 2006—2020 4E A4 KK L 55 K
676.74 m*/ N o BT DX 8 A BE B AR ] AT fig 2 S 3
I 25 RAFAE 22 T R B R . BeAh, 59hA
ARAF P BIEFEAH L, ARG 3G 0 T S5 KK 2 35 1
Figr, HLAEHRAY IR 38 58 o BT e 75 ey sk v
YU AFAE 22 5, LA SGHR 0 B 0 i Bk, 30 2 PR 3R A
AR SRS RN

AT KGR T RS ) A5 TS A - A
DXAH LLAR AR, B A ] T AR TS AR M K 7K R 8
Ah, IAEAEHAD RN . dnsehir H 4K GDP Iz i F A 1]
T 117, 2006—2020 4 v $i7 ¥ 4K GDP & A4 ] - il
GDP 1) 2 ~ 7 4%, S 80a W 11 5 e P K K K 48
CraE Rt B A E R R 22 R . Al Talk
Rk, Tl BOoK R IBECR, AH Y MK BE R R AR D, 3
BRESESNT S K, I S 206 I 1T A far 8 AR B0
Koo AT T IR AR 7853 /) J2 K % 8 mT 4
S PR B R BB AR ) SR

R LA 3l DX IR KRR ST K 5 5 P 2 1
ARBUAE A TR AF A7 22 18] 5280 2 A 30 3, e ) e 7
2014—2016 4F HHBL T84l 42 . XA sl g
Z R R AT O, L HE ARG BLIBCR (19 St R 7K A

(=]

T RIHET ™ o A T TR BRI S AR A i R P, B
— W R AT AR DG A S . b, AT RE R R IR 2 —
SR PG P A K BOR Y AS k. ltn, 2012 4
S s R T A A G A R A IR X AR -
TR A, #hE DL CIMRIE S RS X R B
VR BT FELe, AR REEL” K B 44,
2017 AF 1 CHTsm 4 5 R AR X IRk “+ =1
FA Yk — 25 B T AR S e gk & R IR 5
HMLIRRGS T PR R IR 55 19 S8 B Ol o
F| 2015 4F, 85 43 SRR, DO KR i 2 7
TG K A PR N 2 A v, RS G W HE T B R
W T e, o 2 et A B T8 OK R . ELRR IR
h, R KR RS 2010 AEAH L EE S T 4.9%, isE
15K AL R IA R 81.06%, 4 IX S ALHT . AW .
s . 2 AR BE 43 70 R B 38.3% . 36.8%.
41.2% F1 42.0% . PRIER A3 F2 45 1 XK A2 3
F 2016 4FFF G R 1 IR 30 T B84k

2022 4 & A BB SRR B AR AT U R R 4k
SEam i T KA SR R H AR, FRR TR
IREGRL . Tl 5 AUl | IR 5 7K a4 IR 4 T
FE55 o K SEE i TR i — 2D R AOROK R 38, 42 T
KRG AT RS R AR B

B X6 IR 1L A 3 e X4 i 194 7K 9% D T R A )
B, S5 TR BRI N ZE, S B AT R B
T B, IR E AL T B, SR A A AR T KRR,
T AKE AR TNy ik, DA i K TR G R FERCR -

KEBZHANA  T5



%23% 18 @A ARA RSP ESO

2025 % 2 A

FEO, PR AOLAL ™= e 454, 7 1 il 45 e B R,
& i 15 KA A, TR K BRI AY " A 8™ 2 4>
J5 R TR BEUR A AT RE v o X SRR R it
R S, TR LG I XA B A K B A B AR 7
TETHOA T SR R R, B PR K B8 IR B AT R 2 M T

4 it

ARG R IO LT T 38, 56 K 2 a8 B He
A FE bR TR R R, 115 T /K B8 T fE 22 7
FHREREHE KL, XF K 1 b3t X A /K B PR DL AT T
LAV, 1 LA T 4518

RAAEIB b XK AR 38 7E 2 (8] S B s e
ARPGERI A ARE , BARERI R 14.75 12~22.22 /2 m’,
TERFRIFF b, OK B Ze D7 T e Tt e B i As Ak
#2016 4FAH L 2006 4 EFF T 11.56%, Tfi 2020 4%
VA 2016 AE R T 23.30%. 18T A 11 5%
ALEBTE 2020 4F JKAK &7 A i 18] -4, Ho A 1 XA K
KR I R S L B R R R . X R AR Ak T AR
55 XK GRS PRIBOR |« 19 K R e A S A Kl
SRR AT

FE Tl 5l K K 2 38 1 A v, R Ll b3k b
DX Tl B 7K R 30 5 B 2R a2 R A, T Al K
KR 30 U2 i3 22 X — BRGAE AN TR i X 22 [] £
TERE 2R BN TN S 2 6 R 81X
T AN H R K& B, Rk KoK R 5 S A,
Rk 80% . AHELZ T, B8 ARSI AR 540K
A b A, Tl K AL AR R4 /N . v 3
MR A 1 5 Tk R KR 08 328 a2, i Al KK 2
Y IIEES R A

R LAt 3 DX A L2 R 43 S T 19 K 5 o] R
21 F) HIR S AE 2014—2016 4F H BT B I 19 4 5
IKBEIE AT RS R AR AR A 2 AR AP I . AR,
TEM 5 3 3k DX K R T e 52 R A B s B
e T AR08, 3k 2 BHAIF 9 DX ATH 4R T 1 25 K 1Y)
ARG Sy, K IR B AT Rk R M i — 4
27t

HHI, KR 38 5 3 © R PEAl 7K 5% 5 AT 452
PERI A 2 T H . (B T8 A0SR X HL A
DU AL, 52 224 3 55038 75 BOME 5 72 B B 52 i, A R p
PRI E 25 Y i) 22 5, THR S5 SR T e A A
[l AT 2 o8 B HEaf M AT o, SRk IS
N 25 P A — B R IR A AR T vk, IR AT g kb
ANECYE B, LA VR MDA K S IR A ] RS

* 76+ KERFZHAA

BEAb, R AT 30 N O AR . A TR A
R R R AF R B T FR SR A B2

S35 3CHk:

[1] ZHOU F, BO Y, CIAIS P, et al. Deceleration of Chi-
na's human water use and its key drivers[J]. Proceed-
ings of the National Academy of Sciences. 2020,
117(14): 7702-7711. DOI: 10.1073/pnas.1909902117.

(2] e st KGR AT RRE A T D R e o 3 [ 3
FURZK A TTER (7). HuERBbA ik g, 2023, 38(1): 1-8.
DOI: 10.11867/j.issn.1001-8166.2022.083.

[3] HOEKSTRA A 'Y, CHAPAGAIN A K, ALDAYA M,
et al. The water footprint assessment manual: Setting
the global standard[M]. London: Earthscan, 2011.

(4] BOTEE, EE, Wi, 58T B NAMIK R T RS
gk (7). FREE T2, 2017, 35(12): 149-153. DOL 10.
13205/j.hjge.201712030.

[5] VALE R L, NETTO A M, TORI{BIO DE LIMA
XAVIER B, et al. Assessment of the gray water foot-
print of the pesticide mixture in a soil cultivated with
sugarcane in the northern area of the State of Pernam-
buco, Brazil[J]. Journal of Cleaner Production, 2019,
234:925-932. DOI: 10.1016/j.jclepro.2019.06.282.

[6] ALLOCCA V, MARZANO E, TRAMONTANO M,
et al. Environmental impact of cattle grazing on a
Karst aquifer in the southern Apennines (Italy): Quan-
tification through the grey water footprint[J]. Ecolog-
ical Indicators, 2018, 93: 830-837. DOI: 10.1016/.
ecolind.2018.05.075.

[7] CHINI C M, LOGAN L H, STILLWELL A S. Grey
water footprints of U. S. thermoelectric power plants
from 2010-2016[J]. Advances in Water Resources,
2020, 145: 103733. DOL: 10.1016/j.advwatres.2020.
103733.

[8] GALLO CORREDOR J A, LIZETH VARGAS
GONZALEZ G, VELASCO GRANADOS M, et al.
Use of the gray water footprint as an indicator of con-
tamination caused by artisanal mining in Colombia
[J]. Resources Policy, 2021, 73: 102197. DOI: 10.
1016/j.resourpol.2021.102197.

[9] BANERIJEE A, GAUTAM R, MUDLIAR S, et al.
Water footprint and wastewater quality assessment of
yeast single cell oil production: Gate to gate approach
for industrial water sustainability[J]. Science of the
Total Environment, 2023, 866: 161127. DOI: 10.1016/
j.scitotenv.2022.161127.

[10] LIU W, ANTONELLI M, LIU X, et al. Towards im-
provement of grey water footprint assessment: With
an illustration for global maize cultivation[J]. Jour-
nal of Cleaner Production, 2017, 147 1-9. DOI: 10.


https://doi.org/10.1073/pnas.1909902117
https://doi.org/10.11867/j.issn.1001-8166.2022.083
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13205/j.hjgc.201712030
https://doi.org/
https://doi.org/
https://doi.org/10.1016/j.jclepro.2019.06.282
https://doi.org/10.1016/j.jclepro.2019.06.282
https://doi.org/10.1016/j.ecolind.2018.05.075
https://doi.org/10.1016/j.ecolind.2018.05.075
https://doi.org/10.1016/j.ecolind.2018.05.075
https://doi.org/10.1016/j.ecolind.2018.05.075
https://doi.org/10.1016/j.advwatres.2020.103733
https://doi.org/10.1016/j.advwatres.2020.103733
https://doi.org/10.1016/j.advwatres.2020.103733
https://doi.org/10.1016/j.resourpol.2021.102197
https://doi.org/10.1016/j.resourpol.2021.102197
https://doi.org/10.1016/j.resourpol.2021.102197
https://doi.org/10.1016/j.scitotenv.2022.161127
https://doi.org/10.1016/j.scitotenv.2022.161127
https://doi.org/10.1016/j.scitotenv.2022.161127
https://doi.org/10.1016/j.scitotenv.2022.161127
https://doi.org/10.1016/j.jclepro.2017.01.072
https://doi.org/10.1016/j.jclepro.2017.01.072
https://doi.org/10.1016/j.jclepro.2017.01.072

FRIT,E TR R L A6 X KT R R T TR

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

1016/j.jclepro.2017.01.072.

TR, INATRR L NI K A 2 R 3 A2 Ak B
SR BE R i 2s g3 e (0. AR AR, 2018, 38
(13): 4596-4608. DOI: 10.5846/stxb201706221136.
FRA, BSES), T8, 55, Rl “OK-RER-HL -
ZU7 SRR B R [T]. KRR iR
(£ 30), 2014, 55(10): 71-84. DOI: 10.13928/j.cnki.
wrahe.2024.10.006.

INA R, S, KPR b 48 bR K A2 3280 5 K far
ARSI (], AE241], 2016,36(1): 86-
97. DOIL: 10.5846/stxb201408251675.

T, 2R, BT, A5 aUREAEY) K L i
25 SR ATRHE R e R4 (30 R 7K AL -5 KR
R, 2018, 16(4): 26-34. DOL: 10.13476/j.cnki.nsb-
dqk.2018.0093.

RS, WP i 4 K 3 AR AR IR e K
AT o0 (1], ERA KRR, 2018(10): 19-
26. DOI: 10.3969/j.issn.1007-2284.2018.10.005.
o, %R FET 5| TP 48 SR K AR 0 253 (] O
R 26 43T (0], K BRI AR 3, 2019, 35(6): 29-36.
DOI: 10.3880/j.issn.1004-6933.2019.06005.

SRKIK, B, #TOF, S KRB T LR
X FloAe 25 ¥4 b ] 3% (0], B K b R 55 7K R R
(P 3E30), 2023, 21(4): 751-760. DOIL: 10.13476/;.
cnki.nsbdqgk.2023.0073.

2R, T, Bk, AF R BOK R s AR L
KUK HZE (] A &4, 2020, 40(21): 7952-
7965. DOI: 10.5846/stxb201910292274.

MR SE, ST AHME, R SE. T K AR 30 2 At ey i
A K FL 2 25T (00, K FIRHE 5 2095%, 2019,
25(9): 14-21. DOI: 10.3969/j.issn.1006-7175.2019.
09.003.

INRERY, VR, BRAS. LRll K 2 308 5 Ak 28 5515 K
HI RN G ZRAIFGE: JE TRV 11 4T Y SEUE
S 3], 7K HERE, 2022(6): 17-23.

JASER, BTy BOK R P RILA KIS
GPRIERRMEE [T]. WHEAIRKY, 2022, 61(6): 41-
47.DOI: 10.14088/j.cnki.issn0439-8114.2022.06.008.
CHENG P, SUN M. Calculation of seasonal agricul-
tural grey water footprint in monsoon region based
on river reference conditions[J]. Ecological Indica-
tors, 2022, 145: 109638. DOI: 10.1016/j.ecolind.2022.
109638.

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Wi, 3 EPE, TR HERR O KK R AR
s AR SR (1], KA, 2020, 36(6): 60-
66. DOI: 10.3880/j.issn.1004-6933.2020.06.010.
M, BEY, £, 2T DEA-BCC BAIR AR K
KR ECEIFTE [J]. AR, 2020, 42(12): 61-
65. DOI: 10.3969/j.issn.1000-1379.2020.12.012.
TREREE, X SCHT. BSR4 28 55 1S
KA RMTRE: HeT i R mlsiiai sy (3], rhEgRll
IR 5 X K, 2023, 44(11): 79-91. DOI: 10.7621/
cjarrp.1005-9121.20231107.

XL &P, “H-FT-AET = AR A
VIR K JRE [J]. BlAf i iz, 2020, 65(36): 4251-
4261. DOI: 10.1360/TB-2020-0918.

XA, 43008, INEA, 45, JK R 7L R A I8
TR A AR (1], A E A KRR, 202
2(8):70-77.

FEEE ), BEORAT, A, A5, TR R e Ak
FH K A VRS (0], B /K08 5 KR R
(HFJE30), 2021, 19(4): 680-688. DOI: 10.13476/;.
cnki.nsbdgk.2021.0071.

TAERS, VEE L, BRFHAE . 3EF SR R0 1) 3k
7K B AT $5 22 A 25 5 1 (1] A 38774,
2021, 41(8): 2983-2995. DOI: 10.5846/stxb201911
302593.

ZEROG, RAGE, R, 5. BT R KA A R
P TR B A8 7K B U AT RS2 R RPN (0], N R,
2022, 44(6): 100-104. DOI: 10.3969/j.issn.1000-
1379.2022.06.018.

BOCE, BBFET, KRIDL, & L TAS BRI
HMA KGR AT R A PN (0], hE 0l K2
24, 2020, 25(9): 131-143. DOIL: 10.11841/j.issn.
1007-4333.2020.09.14.

FRRNFY, FEHR . BT A A R ik T 9548 /K BEUR
AIRFEER I (0], KRIZETF, 2020, 38(3): 19-25.
DOI: 10.3880/j.issn.1003-9511.2020.03.004.

FH, A oR0E, TR sk, BT RO ZR A PEM B 1 K
Wb 2 B K IR AR Z IR (I, K A EE
i, 2018, 38(5): 206-212. DOI: 10.13961/j.cnki.
stbcth.20180913.001.

Sk, KNI Fr i K SR e a1, (1], A
LRI % 3T, 2021(6): 15-19. DOI: 10.3969/j.issn.
1672-2469.2021.06.004.

Assessment of sustainability of water resource utilization on the northern slope of

Tianshan Mountains based on grey water footprint

DONG Jungiao**, LIU Xingcai™’, LI Zhanling"’
(1. School of Water Resources and Environment, China University of Geosciences ( Beijing), Beijing 100083, China; 2. Institute of Geographic

Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; 3. University of Chinese Academy of Sciences,

KEBZHANA T


https://doi.org/10.1016/j.jclepro.2017.01.072
https://doi.org/10.5846/stxb201706221136
https://doi.org/
https://doi.org/10.13928/j.cnki.wrahe.2024.10.006
https://doi.org/10.13928/j.cnki.wrahe.2024.10.006
https://doi.org/10.13928/j.cnki.wrahe.2024.10.006
https://doi.org/10.13928/j.cnki.wrahe.2024.10.006
https://doi.org/
https://doi.org/
https://doi.org/10.5846/stxb201408251675
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0093
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0093
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3969/j.issn.1007-2284.2018.10.005
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3880/j.issn.1004-6933.2019.06005
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0073
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0073
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0073
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0073
https://doi.org/
https://doi.org/
https://doi.org/10.5846/stxb201910292274
https://doi.org/
https://doi.org/10.3969/j.issn.1006-7175.2019.09.003
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.14088/j.cnki.issn0439-8114.2022.06.008
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.1016/j.ecolind.2022.109638
https://doi.org/10.1016/j.ecolind.2022.109638
https://doi.org/10.1016/j.ecolind.2022.109638
https://doi.org/10.1016/j.ecolind.2022.109638
https://doi.org/10.1016/j.ecolind.2022.109638
https://doi.org/10.3880/j.issn.1004-6933.2020.06.010
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3969/j.issn.1000-1379.2020.12.012
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.7621/cjarrp.1005-9121.20231107
https://doi.org/10.7621/cjarrp.1005-9121.20231107
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.1360/TB-2020-0918
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0071
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0071
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0071
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0071
https://doi.org/
https://doi.org/
https://doi.org/10.5846/stxb201911302593
https://doi.org/
https://doi.org/
https://doi.org/10.3969/j.issn.1000-1379.2022.06.018
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.11841/j.issn.1007-4333.2020.09.14
https://doi.org/10.11841/j.issn.1007-4333.2020.09.14
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3880/j.issn.1003-9511.2020.03.004
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13961/j.cnki.stbctb.20180913.001
https://doi.org/10.13961/j.cnki.stbctb.20180913.001
https://doi.org/
https://doi.org/
https://doi.org/10.3969/j.issn.1672-2469.2021.06.004
https://doi.org/10.3969/j.issn.1672-2469.2021.06.004
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/

F23% F 1 BAAESARBEFE) 202542 A

Beijing 101408, China; 4. Key Laboratory of Groundwater Conservation of Ministry of Water Resources (in preparation),
China University of Geosciences (Beijing), Beijing 100083, China )

Abstract: The northern slope of Tianshan Mountains is the economic center of gravity of Xinjiang and an important
urban agglomeration in Northwest China. Water consumption on the northern slopes of the Tianshan Mountains has
increased over the years with the development of society and the economy. However, the contradiction between
supply and demand for water resources had been exacerbated by the low precipitation and high evaporation intensity
in Northwest China. The uneven spatial and temporal distribution of water resources in this region and the serious
overexploitation of groundwater severely limited the development of local economy and restricted the adjustment
function of ecosystem. Therefore, it is urgent to carry out the sustainable research of water resources on the northern
slope of Tianshan Mountains.

Previous studies on water resources on the northern slope of Tianshan Mountains mostly adopted the index
system evaluation method to evaluate the carrying capacity and safety level of water resources. In the past, there
were more studies on the development and utilization of water resources, but fewer studies on the sustainable
utilization of water resources, and the research time scale mostly stayed around 2015. In this study, grey water
footprint method was adopted to select indicators from the two aspects of "quality" and "quantity" of water
resources, comprehensively considered the impact of water quality and quantity on water resources sustainability,
and extended the time scale to 2020. Therefore, based on the basic data such as GDP, total water resources, water
supply, chemical oxygen demand and ammonia nitrogen emission, this study employed the grey water footprint
methodology to conduct a thorough assessment of the sustainable utilization of water resources on the northern
slope of Tianshan Mountains from 2006 to 2020, aiming to offer insights and guidance for the formulation of water
resources planning in this region.

The results indicate that there are spatial variations in the grey water footprint among cities located on the
northern slope of Tianshan Mountains. The spatial distribution pattern is 14.75 billion to 2.222 billion m’ higher in
the central region than in the east and west regions, and the temporal distribution trend is first rising and then
decreasing. Among them, the region as a whole increased by 11.56% in 2016 compared with 2006, and decreased by
23.30% in 2020 compared with 2016. There are differences in the composition of grey water footprint in different
cities, most cities are dominated by agricultural grey water footprint, Urumqi domestic grey water footprint also
occupies a large proportion, and Shihezi industrial grey water footprint accounts for the largest proportion. The
sustainable utilization status of water resources in the northern slope of Tianshan Mountains as a whole and some
cities mostly improved from 2014 to 2016, and the sustainable utilization index of water resources increased
steadily. However, the sustainable utilization index of water resources in Bozhou and Tacheng regions grew slowly.
Consequently, the study area continues to confront significant pressures regarding water resources, necessitating
enhancements in the sustainable utilization of these resources. The findings of this study can serve as a valuable

reference for promoting high-quality water resources management on the northern slope of Tianshan Mountains.

Key words: water resource; water resource utilization; sustainability; grey water footprint; the northern slope of

Tianshan Mountains
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