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Decoupling analysis of water utilization and economic development in the
Yellow River Basin: Based on quantity and quality of water resources

YANG Yanyan, WANG Yongyu, XU Qiyang
(School of Statistics, Lanzhou University of Finance and Economics, Lanzhou 730020, China)

Abstract; Reducing water consumption and water environment pollution while promoting economic growth
is an important way to achieve ecological protection and high-quality development in the Yellow River Ba-
sin. Based on the water footprint theory and method, we measured the water consumption and water envi-
ronment pollution, and used the Tapio decoupling index model to examine the degree of decoupling of wa-
ter quantity ( quality ) footprint and economic development in the Yellow River Basin. The results showed
that the water quantity footprint presented an overall upward trend from 2000 to 2019, with the greatest
water demand seen in agricultural production. Water environment pollution had been systematically ad-
dressed and the water quality footprint fluctuated in a downward trend. Water quantity ( quality ) footprint
and economic development were mostly in relative and weak decoupling status, and the decoupling status
of water quality was better than that of the water quantity, but neither was optimally decoupled. Water
quantity footprint, water quality footprint and the decoupling of the two from economic development were
significantly differentiated from region to region in the Yellow River Basin. The water quantity footprint
and water quality footprint in descending order were as follows: downstream, midstream and upstream.
The water footprint was better decoupled from economic development in the upstream and downstream are-
as than that in the midstream, and the order of decoupling of water quality footprint from high to low was:

downstream, midstream and upstream. It is suggested that water conservation in agriculture, water pollu-
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tion prevention and differentiated regional management should be implemented in order to achieve strong

decoupling of water resources and economic development in the Yellow River Basin.

Key words: water quantity footprint; water quality footprint; decoupling index model; the Yellow River

Basin
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Fl 2005 45 J5 g sk B a8 AR RN , Bl
2015 S KI5 Y BIA AT BRI, B R OK FR
BSRAESAH THRRKSE, KR s/ ST
BA ., 2019 4F BVACK B2 e/, 4 1149, 31 x 10°
m’, FUIRE R AT IR R 3G 0 DL K TS Yl b B
FAR B4, BRI V5 YR A sl
F341,2000 - 2019 AFEARIRA A (HIARX) F5K
Jo R 2 SR A B, R R K A T A K Y
B SR N VR KA RRIE . b Rl X
FIAE 25 K JBE L 7543 51 K 131. 14 168. 25,284 87 x

10° m* , e84 AR B/ IMKUCh T e Hhile L3k

2000 - R Tk £

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
FEf

B2 2000 -2019 FEHAFREBKRETEESEHEE

ML 2 itz (1) 2000 — 2019 4 B 0] j7i daf 7K BT i
B SMAAE ST TR 3T = (1) R0l K BT 2 305 20 4E R TE
VAR BT i L R K, HAE A AR
o s Wor Ak B R R ET 5 HEE A 2000 4F 1)
63.92% F4 K % 2019 4Ef4 82.59% , (2) Tk K 5
JETBAIX NN, HAR BB AR DR NS, K BT A2 0 T o
F 5 M 2000 4E (1) 19. 69% Yk /N4 2019 4E143.73%
W EERT I8 S8 1) PR DR O A I 8 A AR Tt 3 A
R, BURF 2 B9 K HEObR AEBURAS 30A 20 52, T
M AT K HE R A5 B0 A B i, Tl A 7= 5 20 52
Mgt o (3) A% 7K o e ik S22 I Bl ik /)
AF(HIN 2003 A AR 16 7K BT 28 KT Tk 7K s 2
i, (4) ARk Tk AR TR K BT R R R B A DAl
ARA AR A AT B Ui b DX R K5 DATRT R 48 R
PRI i X R 25 UH A8 AR Y Ui b X
fe/Phe BRI, FRE TR A TG0 2K HE
AR RN R, KA BRRE S 3G 0, (H AR ER ]
K BT A2 TR ATS 5 B i R
3.2 HIMREBKZBEFRAEZFEBRRBSW

I 40 AP W] 2R P AL o R R AR T i 2
B , 55 A 1 DU K B A T R N T A
A TG AR OR I HEI . AR SCE e R Tapio i 4445 4%
RERIAT B BRI 2001 - 2019 4F7K i 2 il A8 fh 58 |
AT R I AR AL 3 GDP AR Ak 34, I SE Ay b i oK
TORAI S 207 & R I E T8 5L (D) FUKIREE
1Y 525 R R ETE A ( D, ) -
3.2.1 RFERANR L 2 FLIEBLA T

(1) BEAAR I8 450 08 A8 43 WD A 0 3 Sl K o 2
W5 20 % JR I AL I 0 AT B R AR I T K ¢
TERI 5 2554+ 2 DMR R R OC 2R, S S BT i dak
ARG LR I g o 1 e e 4 L L%, 2001 - 2019 4F
BRI 5 2 R A T A R R 2,

H132 2 AT LA Y, 2001 — 2019 4F 8] 3 4k 22 0%
B 5 LSS RS B sl N AR A AR A
2001 —2007 4 GDP H4K R F A5 | 78 2007 4Eik



552 19

Mystieatie, 25 - RO BTIRF 5 285 A Wb ey s B —— 2 ToK SRV AL 7

Bl KA, A 13.659% . LA T R 28 5 s 1) o3 ot
R, E IR GDP MK R ORREAE T% Aidy S
PRI, S I 2 B A 2 & SR e, GDP AR My 3%
KARIKEF] 10. 24% 5 hij K i 2 3 I sh AR fh e K, HAR
b AE[ -1.53% ,12.53% | X [ 3% 31, {2 B 2006
AR 2017 AF RIS K 2 0 35 B K R A, HL K
ML T LUK U . R IR E 25 K

AR RTINS, 7K BRI i ) I B AR A, i 2
] 5 AT G K BEIRA S 2 0 K R I .
TR K B IR 25 A LA K O 32, D3 AR
FCPI 5 Le 1 90% LA _E, 7K e i 3R 28 Ak AL H]
KA 3 DT A K B UER 2854 , T e —
SERERE LK B IR AT AR B, RN K R
5 2T R SR

&2 2001 -2019 FEARBKERTELEFRERBINER

b KL GDP Ak bt #4 i #4 P KEEE GDP 2Rl i #4 i #4

AR o /% ECE P AR Yo R/ % ECE P
2001 0.013 9.406 0.001 RD 2011 2.784 12.248 0.227 RD
2002 4.128 10.773 0.383 RD 2012 2.580 10.502 0.246 RD
2003 12.525 11.413 1.097 EC 2013 1.526 9.518 0.160 RD
2004 8.499 12.657 0.672 RD 2014 1.487 8.398 0.177 RD
2005 6.303 13.179 0.478 RD 2015 2.318 7.648 0.303 RD
2006  -1.531 13.174 -0.116 WD 2016 1.967 7.426 0.265 RD
2007 3.103 13.659 0.227 RD 2017 -1.479 7.101 -0.208 WD
2008 4.728 11.291 0.419 RD 2018 0.723 6.962 0. 104 RD
2009 1.905 11.250 0. 169 RD 2019 0. 640 6.161 0. 104 RD
2010 2.668 12.346 0.216 RD

N 2 oK BRI 5 22 B A JRe A4 PR O 2R 0k
& ,2001 —2019 AF BT I 1 7K 6 2 300 5 22 355 K
%K 22 BN I AL TR B A (RD) R ZS, P 1
2003 AFAL TR 4 (EC) IR 2552006 12017 4F
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TS ], T 0 AR R 28 RS A R i [ i
P K GEIRAFHRCR, oAl a5k , ik s 5
LT R AL T R SRS

(2) XS AR o0 AT o 7% JE B B T Y 445 4
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R SE A K BRI AR S, AT B
S it 9 KA, B i K SR PR FH AR . DR T A 4
b R LU RO, Ui RIS Ui DX R
{0 rife b DX (ELEE AP 5 S 1] v gl DX g Jo 4 7K
ST 5, TR AR 10 4 R R A7 EA B K
S5 2% R R A BT R RR S I SORAT 7 AN
W finsi
3.2.2 KRIEF 5 ZFREIAA LA

(1) BRI AL AR 53 BT 2001 — 2019 4F B iA] i
WK BRI 5 2T kR AT 5 R LK 3, 3R
3 AU, BT K 0T AR 0 A 5 A )N M
BIHER, P H N ) AR Ak R e K BT R I G R B

B SEIE e G AL o TR AIF T ) P e AT ek
DHRZARFF RS S, X EAR I E 1K BRI 5 28
DR R EEN I DL o AR /K BT AR TR A AR 3R A A8 Bl 155
O, B K BRI 5 22 5% e B i #2323 09 3 A By
B2 1 BBk 2001 —2002 47, K B iR 8b, K AR
AMELIROUA Bl ;s 26 2 BrBely 2003 - 2005 45,
WEE 2T I R R, K BUR I8 22, ELA7E 2005 4F 15 %]
TR RAE, R BEZ B A R Il T 7K 3%
BTG5 55 3 BrBe oy 2006 - 2019 48, Fe [ ) E 1 —
Z IV ORIP G, & T AHSESCIE e i BRI
TR ERIR A A 2, A A 0 S 5 2
st K BRI

&3 2001 -2019 FEARBARBEELRFERHEAITER

P KB GDPAEfL i 5 i £ 0 KR GDPAEfL it 4 it 4

AL/ %o R/ % Eizg1 FEJE AR/ /% R4 TR
2001 -1.387 9. 406 -0.148 WD 2011 -0.609 12.248 -0.049 WD
2002 -0.274 10.773 -0.025 WD 2012 -1.290 10.502 -0.123 WD
2003 0.163 11.413 0.014 RD 2013 -0.967 9.518 -0.102 WD
2004 1.285 12. 657 0.102 RD 2014 -0.512 8.398 -0.061 WD
2005 3.492 13.179 0.265 RD 2015 -1.270 7.648 -0.166 WD
2006 -8.124 13.174 -0.617 SD 2016 -5.599 7.426 -0.754 SD
2007 -3.182 13.659 -0.233 WD 2017 -8.084 7.101 -1.139 SD
2008 —-1.428 11.291 -0.127 WD 2018 -3.899 6.962 -0.560 SD
2009 -0.883 11.250 -0.079 WD 2019 -2.388 6.161 -0.388 WD
2010 -1.018 12.346 -0.083 WD

3 HOK BHRER G S 22 T A R A4 PR O A0k
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J AR (HL i Rk B e A RS
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il 4 RTLUE IR CTRg | L | DU 1254 £
TEL T AR PO BE AN IR G I3 Q6 P - ) EHOR,
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IK BT ARSI 28 e S S I s A R B L HON A
A B nL G 36 DX A B0 AR S A 5 22 , I rp Hf
A TE 2002 F1 2011 ARALFHERAEE L (EC) RS, &
W 2835 e it i rp A I 3 RS ) R KR 77 B 1]
JE FA XAE 2005 4740 F 5 J 4 67 5 44 ( END ) SR
Bo BT 60% LRI IKR IR T A, 52K 5L
IR A 2 2P RS AR A 7 K HERL, PRI H
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SO0 PRI RT 50 0 R 585 3 0 R A S H B, HLASCAE 2019
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TE R R B EIR S A B, LA ILAR 48 AR A T i
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5 & ®

AR SO A K R 38 e 5 T7 T 2000 ~
2019 AFBAN K BEEM AT K BRI 75 QR B, JF:
iz ] Tapio JIi #4 1% R 78 73 53] 25 42 1 7K 4 i | K

TR 55 22 Bk PR (R B A AR, HAR e N T

(1) P53 A S VT i 7 e Je 08 2 A B2 3 R
B, KRB SMR B ERRS LT, ol A==
Kb HedR g, K BRI R RO, Tl AR ™ K AR
KA D o B K BRI AE S R LT 2 H
g B, AR A ER I KSR M RO R . A7 SR AL
SR PR 15 RS B R GEA B, /K BUZ G, 15K
TR S A S e Bl A e

(2) SR K B i 22 5 e o TR 22
WAETFARXT B AARZS (RD) 5 K BRI 52 5F K 2
AT AR E (RD) A1 B 44 (WD) PYARCIRZS 5 AR
K JSUBEEEIRBLAE T 7K S8 Jd 849, H P 3 249 Rk 1) fe 1
JBEEAIR S, RIK BT R K BRI 75 G 5 22 55 b &
LA BRI T 2510

(3) MoK L 38 7 5 A2 3 UL S P 5 2 5
JRBIBE AR A, B sk b | rp R T X A
TERI 28 5 o o, KB 308 MK B 308 R/ HE P
WU T R | b O 5 K R 28 U R R R
PR FRILA LU AT 30t 3t DG T v i 4 X5 7K
AT 28 T R Z AL R I A AR S B U s DX )
PPIRZS IR, Rl 2, B

IK GRS 22 T K FE A AR B 2 52 2 5F e
M S5 KB IR EE N ARSI 22 5 AR R Y
M, 1A SCAL AT 1 P Z T8 R B R JEE , TR AL
S E— 2075 B WA M A R P A SRR P R
TEA Je BT b Rl LASE 0 849 52 i P9 3R 23 B, A 0T
FEAR TN SE R, Sy i I 4 S B K B i 5 A
HEARERAE

B2k

[1] United Nations. Integrated environmental and economic ac-
counting for water resources| M]. New York: United Na-
tions Publication, 2012.

[2] ZHANG Yao, LIU Wenxin, ZHAO Minjuan. The drag

effect of water resources on China’ s regional economic

growth: Analysis based on the temporal and spatial dimen-

sions[ J]. Water, 2020, 12(1) ; 266.

2T, RENE, O TR T i T

KRR G LT & R s o e L] W EA T -

WIR 5 3ME%,2017,27(11) :202 —208.

Organization for Economic Co-operation and Development.

[3

[—"

—
A~
[

Indicators to measure decoupling of environmental pressure
from economic growth [ R]. Paris; Organization for Eco-

nomic Co — operation and Development, 2002.

(5] iR, st e, i or, 5. BTUREREE SUUI #4730 M it 52



10 K BRSOk R AR R

2022 4

PERELT]. ARG ,2010,25(8) :1400 - 1412.

[6] WANG Qiang, JIANG Rui, LI Rongrong. Decoupling anal-
ysis of economic growth from water use in city: A case
study of Beijing, Shanghai, and Guangzhou of China[J].
Sustainable Cities & Society, 2018, 41(5) : 86 —94.

[7] SHI Changfeng, YUAN Hang, PANG Qinghua, et al. Re-
search on the decoupling of water resources utilization and
agricultural economic development in Gansu Province from
the perspective of water footprint[ J]. International Journal
of Environmental Research and Public Health, 2020, 17
(16) : 5758.

[8] ¥E Z, APAR [, JWSCAR, 25 o [ K 5 22 5 1R A
AT T ] HEMEHE K224, 2011,30(3) :34 - 38.

(9] Fae, REZ, g . HL T LMD FUBE & B e i 3¢ [ A=
T FKSEm R AFSEL T . KA 28955 ,2019,37(5) : 11 — 15 +
26 +77.

[10] 3 F}. EZ5 kR 5K REA AR ASEIT0 5 R

B[ ]]. AIRETR-R ,2014,29(1) 146 —54.

[11] BEERRN , AT SCRE]. AL A T e [ el K A B 5 DT g
Bl Bt —— LRI 2 i [ 1], hE Rl
B 5X%],2020,41(10) :193 -203.

[12] 985830, TR AL Fe R R BRI -5 22 5 0 K 44 23 B
L] Aol R4 4 (k2 BF2E ) ,2019,18(2) -
97 - 108.

(13 ] 3 SR VIR BT 7K HE R K 3l PR 3R e 3t 40 280
FLF STIRPAT #6571 Hl OECD i 44 #8 B k5 [J]. o
FE A U 5 X 4] ,2016,37(12) :43 =49 +77.

[14] FAHERS, vela FL, BRBHRE 2. 56T K 2 38 1 v [ 3k i
KGR RS ZR S0 [T ] A2 25241, 2021, 41
(8):2983 —2995.

[1S] MR, KA iy 3%, 55 IR 222 TF 5K I
PR A AR T ). 2255, 2020,40( 11) :86 —94.

[16] 2 1,28 B BRBRER. BUEATEN T st T R R 5K
PEEA AP [T ] TR T - B S PR, 2021,
31(3):150 - 160.

(17 ] 9220, Bk . 3048 K B IR A T A5 22 U bl i K e i
B r——H TR AR [T ] BEURL -, 2014, 36
(2):328 -333.

(18] FebkFs, it B, 88 3, 4. JE T /K R 30 12k 1) B 437 38 b [X.
IKBEEA T 5 B [ T] . 5 BT BRI5, 2020,
34(12):35 -41.

[19] FE12%, KRB, E& 0, 55 KRB T & ik %
BRHS AT RBTE[T]. b ER S X

$11,2019,40(12) ;10 - 15.

[20] FefH4r, BReiR, TRIRIR. KILZ TR TAk KR IE IR
PSS IptsE L) ] it 571 % , 2019,
38(2):13 - 18 +30.

[21] ZHANG Yuying, SUN Meiying, YANG Rongjin, et al.
Decoupling water environment pressures from economic
growth in the Yangtze River Economic Belt, China[J].
Ecological Indicators, 2021, 122. 107314.

[22] Fukfa, Jr == BT AR 2 DR R g SO R J 9 4
TEELT]. R ,2020(6) 85 - 95.

(23] 5Ty, DA & B 28 45 6T R BG4 B ) 22 M
BoRA SRS R B [T ]. KBTS K TR A4,
2020,31(4) .9 - 16.

[24] BEZA, 3 . i34 oyl i Bk 0 5T A 9
RERFSELT]. BEEAE,2020,42(1) 29 - 36.

[25] XURAA 320 B, B o 5 ML) TR A B
AR G IR B A SR FE [ T] . KR IR S K TR
#%,2020,31(2) :1 -7.

[26] i &, KA\, X EH. B REUK TR ARRES 2
TrR A& B O R AFFE [ T]. KR4, 2020, 34
(8) :44 -50.

[27] FZEAGRY R, FEEAREER. 15KEEGHbRE:
GB 8978—1996 [S]. dtst: hEbRifEHfikt, 1998.

[28] HOEKSTRA A Y. Virtual water trade; Proceedings of the
international expert meeting on virtual water trade ( No.
12) [C]/ THE Delft, Netherlands, 2003.

[29] ®h 2%, 9hA 3, 46 3. 1998 — 2012 4F b [645 Fr K K A
MR 5 WK B Ao B [T ] BRI AL 42,2016, 38
(6):1179 - 1191.

[30] WU Ya, TAM V W Y, SHUAI Chenyang, et al. Decou-
pling China’ s economic growth from carbon emissions;
Empirical studies from 30 Chinese provinces (2001 —
2015) [ J]. Science of the Total Environment, 2019,
656 576 —588.

[31] ZHANG Lina, CHEN Donghui, PENG Sha, et al. Carbon
emissions in the transportation sector of Yangtze River E-
conomic Belt: Decoupling drivers and inequality [J]. En-
vironmental Science and Pollution Research, 2020, 27
(17): 21098 —21108.

[32] A, FRKE. BRIk SR A 5 4 0 & R4k 0¢
FHPFELT ] PR SR 2021 ,44(8) 1198 —-206.

[33] FhAE, i 57 A o 4 BB K A e B2 e i 280 2%
B A () SCHR AT J ] AR 241, 2016,36(1) :86 —97.



