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Analysis of relationship between water consumption and industrial development in China based on multiple testing
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Abstract: Considering the two key indicators of per capita GDP and per capita energy consumption, this study
comprehensively analyzed the environmental Kuznets curve (EKC) of the total water consumption and different industrial
water consumptions in China from 1997 to 2020, and the multiple tests, including augmented Dickey-Fuller test, i-test,
and Breusch-Godfrey test, were used to optimize the parameters of the EKC model. Then, the supply side and demand side
of water resources were further analyzed. Results indicate that EKCs of total water consumption, industrial water
consumption, and agricultural water consumption show inverted “N” shape, and the total water consumption, industrial
water consumption, and agricultural water consumption exhibit declining trends; EKC of tertiary industrial water
consumption exhibits a linear growth trend, and the tertiary industrial water consumption has not reached the declining stage
yet; tertiary industrial water consumption is the main growing point of water consumption in future, and reduction of
groundwater extraction should be emphasized.
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Fig. 1 Technical route of research of relationship between

water consumption and industrial development
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Table 1 Selection result of lag order
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Table 2 Coefficient of determination of fitting results
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Table 3 Model data duration selection results
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Fig.4 EKC of industrial water consumption

R EKC R “N" I, LAk (K 4
(b)) M ,2001—2011 4F Tl JHAK B BE Tl A 24 fiE
TRIHAE R 3R ER T, T 2011 AFA B (A ( Tlk
KRN 1461 42 m’ | Tk A BE U8 34 #E &
2 060 kg) 5 SEFRJT I0 Tk 38 IR FH /K B4R T R
8. 11% , Tolk NF g H FE 3 K% 410, 29%
FH 7K 3% 56 38 K 3 B2 IR T AE 5 TH #E o R R
2012—2019 4E Tl 7K B Tolk A ¥ e I I #E it
F3E R Mk D, SEBR T 6 Tl 34 i K s 4R34 R
B3R R 8. 19% , Tl AFIRE IR I FE AR 3 K
4. 1% , FH/K R BE K o B2 s T e U0 AR i 4 Kk
FE, Tk Tk AR IR AE R A4 5 Tl
7K E-Tolk N3 GDP 8 AHALL, il i Tl 28 3%
HTLAEIR MBI B H LR,
2.3.3 % =7 LAKSHAERF

o = K2 =0l A4 GDP A S =7
AP K 5 = A RE TR FE 1 P A A5 R (]
5) W5 =l UK EERESS =7l A4 GDP FlS
=7 AT RE TR T R A K R AR L IR M K
B = K EKC AN EAER“ U7 T el 8] “ N7
TR, dnfal & B 255 =7l K i 2 R OR S 15
TRGEUR ST Y JCBRE A
2.4 RAKE SRS ERLE

AR TR 28 TR TV 1 FH K 1 K 27
P, 10 S A S R SR R R ) 1 R HEAELAY L0 B 2 1T 5
WAL EAG L, IR R S (R X L5 5 R A 5
LG R 7 AR A BEDLIE 30, o3 S K & A
¥ GDP A YIRRIRIHAE R B 5 a ¥ B F- 3908, If X1
A B fE B9 H K - N34 GDP K &5 N6

3
- O
S S
(=] =]
T

Pl AN
g
\

£
w2
=3
S

08 14 20
= ABIGDP/JT I
(a) 2=l KBS =AY GDP

e
o

Pl KR AL m?
)
g 2 32
AN

o)
W
=

T
\

5

55l(())O 20IO 30I0 40I() 5()IO
S = NSRRI A i kg
(b) =7l KB4 =7 A RE TS FE
Bs5 $=rlAkEEKC
Fig.5 EKC of tertiary industrial water consumption
PHAE R AT
a. AbPHJE A9 K B - AR GDP 1] ZK &
- NS REIE T FE R A4S AR 5350
Iny =-41.77lnx +4.36 (Inx)* = 0.15 (Inx)> + 141.7
(10)
y =-6.49x +0.002x" —3.93 x 10”7’ + 10 230
(11)
b. AEHF HYARE AR E A 2 GDP AR,
FHZK B -l N2 RE TR #E 5 A 405 il 2 5 7 oy
B
Iny =-591.4lnx +79.45 (Inx)* =3.557 (Inx)* + 1475
(12)
y =—1358x +27x° —0.17x° +25980 (13)
c. ARBERE ATl K& - Tl A GDP # Tl
FHZK =TTl K RE TR FE & AY U5 i Ze 5 1 oy
B
Iny =-65.03Inx +7.61 (Inx)* —0.295 (Inx)’ + 191.6
(14)
y =-3.31x +0. 002x” — 6.36 x 1077x° +2 482
(15)
d. AEPRJSAYEE =k K -5 = A8y
GDP I =77l FH K B3 =7 N B RE IR H #E
AR R, 5 =7 KBRS =7l A1
GDP FIES =7l N\ X BE T #6 1 A4 1 4 S 2k Mo
[N SR
25 L, 2 W g B A PR F K - AR REJR T A6
A /K- A2 GDP L5 ALY EKC 35
LR Bl 45 b P A AR — B TR R RS R 32
EREE R
- 195 -



2.5 HRAKEFLERSH

TR [ K B PR 25 O -5 5 SR M A 2> 22 5%
R ZE A 38 1 K IE AR K B & L R K
7 EE SR 3R K BT IR R A 3

MR IR, 42 2%l K A ekl ™
TR AR A BT A A BRI (3R 4) . %
T KRR A B 18 FH BT K R AR
i, A KRR RS g, Al KR o e 3R
B, e Tk KA Ay FE IR S BT B 9
T2 B R 7 5 R 1 O R AR K 4 o ey T
(2% ) Ol AN e SR~ AWV ¢ VAR i 2 S Y4
B FKROR B B L AR R K R AR S
IR o 3] 32 e SR B i R MK A S PR i i
FORIRTHAYRENE | IR a3
R4 19972020 EREIKEHKERZF=UAKE S
Table 4 Proportions of water supply from different sources

and water consumption of different industries from 1997 to 2020

7k K B % AR K &5 %

O T R RS kR BT

PSR KR KR KR KR okt
1997 71 20 9 0 81 18 1
2004 66 22 12 2 81 19 0
2012 64 22 12 2 81 18 1
2020 62 18 15 5 83 15 2

ML ik, AR K & b B YR HR A
80% , i b /KK i 7 FoA B S T Bt 3 JE 4 R
AR R K, B A2 7K ) K i bl 2 3 4 3
(F4), BREEM KM KE &2 TGS
R (EREH575 N L N/ 2 7 3 I T el s oy
X 7K R T A 25. 8 J7 km? 5 3 iR X AR
9. 71% , Herp Jldb 175 300 R b R KGR R T AR
A3 5 RGRR R AR 27. 7% 24. 8% F117.6% ),
PRI, SR DX I AN 25 Z 00, i b 7K 2 K
IR 8 B, 328 A1 S8 b T 7K R b S i AT K A7
WA

3 & i

a. ZZEAT B RILE R , T4 = Uil L
R0 FH K - N E5 RE S 6 B A 0L A1 o =
UM ZBRAE S HIK - N2 GDP (Ll G 7Y | 4%
RIS HOR BT

b. UK - NS REIRIH AR = A KR - A8
GDP Ryl S A ), 2E— 2 T EKC f74E
AR | et e Pl 22 T 5 E IR 2 ] A B A R AR
PR A T IR Rl F 7K B 69 EKC 4504 £51
NI, RADK B E e AL SR BEb B 5 =
PV KR BESE =7k A GDP FIEE =7k A

- 196 -

REVRIHAE RL MY 1S K R AR R G K a3 R AEEEl U
a8« N A,

c. X R AL 28 v ) o A e B, 3R R ok H
KGR IR 2 oy 2 Sk A I K T A 4 o DU
TR AR R ) 481, 7 388 1o T = 5 B K % )
FH Wl R KR

SR

[ 1] HEE BB X, 45 AR LRI s T AR
BRI R[], NRB,2021,43(5) :3541. (MU
Xing,ZHAO Yong,LIU Huan,et al. Research advances on
impacts of climate change and human activities on
streamflow variation[ J ]. Yellow River,2021,43(5) :35-
41. (in Chinese) )

[ 2] fedsm, T, SRR T, 2. K BEIRRE ) G HE K Sl A
KYPUNWIFE[J]. 1t KA A4 ( H AR B E) L2018, 54
(3):628-636. ( SHI Xiaorui, WANG Yuankun, BIAN
Jinyu, et al. Identification of key driving factors of water
resources carrying capacity [ J ].
University ( Natural Science) ,2018,54(3) :628-636. (in
Chinese) )

[ 3] M55 Aiear N FE5T , A5, R A LA : b IR K AR (E
O[T, 7K F 2 4, 2021, 52 (2) : 129-141. ( ZHAO
Yong, LI Haihong, LIU Hanging, et al. The law of growth:

Journal of Nanjing

prediction of peak water consumption in China[ J ]. Journal
of Hydraulic Engineering, 2021, 52 (2):129-141. (in
Chinese) )

BT M B W 4 EE A5 TR b st T K R
IRIF 2 A AR R AE 2 B [ 1] K BRI AR 47, 2022, 38
(5): 96-104. ( XU Jinxuan, YANG Moyuan, PAN

Xingyao, et al. Analysis of evolution characteristics of

—
~
i

water resources development and utilization in Beijing
based on water footprint[ J]. Water Resources Protection,
2022,38(5) :96-104. (in Chinese) )

XA VEHRTE, 405, 45 FE T R RUK IR M 3k 4 K
AR S 22 S AT ()] AR BT IR E 4, 2012,27(6) -
1022-1034. (LIU Mei, XU Xinyi, WANG Hongrui, et al.

—
9}
[

Water footprint and spatial-temporal analysis of Hebei
Province based on virtual water theory [ J]. Journal of
Natural Resources, 2012, 27 (6 ): 1022-1034. ( in
Chinese) )

PR, EarEm, RS L T A KEIRAES RS S
AR 3T [ )], KR 4355,2016,34 (3) 1 46-52.
(HONG Siyang, WANG Hongrui, ZHU Zhongfan, et al.

—
@)}
I

Ecological footprint and carrying capacity of water
resources in Liaoning Province[ J]. Journal of Economics
of Water Resources,2016,34(3) :46-52. (in Chinese) )
(7] RO, VAR, TSN, . TR K R
5 B 5 A0 . 85 K25 240 IR RRE D)
2020,48 (6) :534-541. (LIU Bo, WANG Ziwei, WANG



[10]

[11]

[12]

[13]

[14]

[15]

Wenpeng, et al. Spatiotemporal characteristics analysis of
major indicators of urban water use efficiencies over
mainland China[ J]. Journal of Hohai University ( Natural
Sciences ) ,2020,48(6) :534-541. (in Chinese) )

e, ELTN SRR, 5. B TR AUE IE MK B IR A
BRIV SR 7], K274, 2013,44 (4) -
478-488. ( GAO Xiong, WANG Hongrui, GAO Yuanyuan,
et al. A model based on iteration-correction for water
resources utilization efficiency evaluation and its
application[ J |. Journal of Hydraulic Engineering, 2013,
44(4) .478-488. (in Chinese) )

IR VERTEL, B4R, 5F . EK B FTROR AR
BRI O ()], ARG TR BLg 5 5Lk, 2013, 33
(3):776-784. ( GAO Yuanyuan, XU Xinyi, WANG
Hongrui, et al. New model for water use efficiency
evaluation of China and its application [ J]. Systems
Engineering ; Theory & Practice,2013,33 (3) :776-784.
(in Chinese) )

FEST, T 205 , 3K SCHT. R FH PR 23 A A HLF 50 i 3
o DX FH K ASAC I SRR RRE [ ] FREERLA B 5T, 2016,29
(2):290-298. (ZHUANG Li, WANG Hongrui, ZHANG
Wenxin. Driving effects analysis of water consumption
changes in the Beijing-Tianjin-Hebei region using a factor
decomposition model [ J ]. Research of Environmental
Sciences,2016,29(2) :290-298. (in Chinese) )

W S VTR R E A KA A Sh A S5 43 i 3 i
FERIETE, 102 R [T]. KA 24412, 2015,46 (7) - 802-
810. ( YANG Zhongwen, XU Xinyi, CHEN Wu, et al.
Dynamic structural decomposition analysis model of water
use evolution, Il ; application [ J ]. Journal of Hydraulic
Engineering,2015,46(7) :802-810. (in Chinese) )

B R ZEASE MR, S BT K B Y 2
B K SR BE AR AR R R [ 1], KB AR 4, 2022, 38
(5):105-110. (LYU Lianghua, JJANG Beilei, GENG
Leihua, et al. Water intensity index system of Xiong’an

New Area based on total water consumption control [ J ].

Water Resources Protection, 2022,38 (5):105-110. (in

Chinese) )
sREete b = K S5 AR B SE [ D], B #r LR
2 .2017.

SEE G, WA, A T IX AR XUZ LRI A K 5E
ORI 5 A ALITTE [ ], KA %41 ,2019,50
(5):565-577. (ZHANG Xin, YONG Zhigin, GE Jie, et
al. Water resources carrying capacity and industrial
structure optimization based on interval fuzzy bi-level
P
Engineering,2019,50(5) :565-577. (in Chinese) )

TR FIRAE R S SRR AR XK
LR PR S S AU [ ) ] RVT R IR BT,
2015,24(1) :90-96. (ZHANG Lingling, WANG Zongzhi,

LI Xiaohui, et al. Study on regional water utilization

programming  model Journal  of Hydraulic

(17

[21

[

]

]

[

[

structure controlling strategy and dynamic simulation
within the gross volume constraints [ J ]. Resources and
Environment in the Yangtze Basin,2015,24 (1) :90-96.
(in Chinese) )

FLUH, 22— A 5 K BHRAR 2% 2 F VAL
BRI KA T]. AR BEIRER A, 2022,38 (1) :18-25.
( WANG Hongrui, LI Yiyang, YANG Yafeng, et al.
Construction and application of evaluation model for
intensive and safe utilization of water resources| J|. Water
Resources Protection,, 2022, 38 (1). 18-25. ( in
Chinese) )

B B E R, E2 M55 BTSN A K
S5 G S Sh AT AL AT J] . K BEIROR 2021,
37 (1):79-85. (JIAO Shixing, LI Qingyun, WANG
Anzhou, et al. Dynamic evolution analysis of water
consumption structure and industrial structure based on
niche in Anyang City [ J]. Water Resources Protection,
2021,37(1) :79-85. (in Chinese) )

KUZNETS S. Economic growth and income inequality[ J ].
The American Economic Review,1955,45(1) ;1-28.
GROSSMAN G M,KRUEGER A B. Economic growth and
the environment[ J]. The Quarterly Journal of Economics,
1995,110(2) :353-377.
BHATTARAI M, HAMMIG M.

environmental Kuznets curve for deforestation: a cross

the

Institutions and

country analysis for Latin America, Africa and Asia[]].

World Development, 2001, 29(6) : 995-1010.

KATZ D. Water use and economic growth: reconsidering
the environmental Kuznets curve relationship[ J]. Journal
of Cleaner Production,2015,88:205-213.

PIARR, o+ e, % Tk K S 45 & Ry &
FKIEZEIE ML [T]. AR BEIR 44,2004, 19
(3):279-284. (JIA Shaofeng, ZHANG Shifeng, YANG
Hong, et al. Relation of industrial water use and economic
development ; water use Kuznets curve [ J]. Journal of
Natural Resources,2004,19(3) :279-284. (in Chinese) )

ZEi, EARDY B, 35T EKC /K BRI FI A 5 407
R IERMIE[T]. BHE A=, 2015 ,15(4) :133-136.

(LI Qiang, WANG Lifang, JTA Xiaomeng. Research on the
relationship between water resources utilization and
economic growth based on EKC[ J]. Science Technology
and Industry,2015,15(4) :133-136. (in Chinese) )

RS IIER, Foak, 55 Tk K N BSR4 PR 25 0 %
e B HIE bl - LA 28 S 0l [0 ] K Bk gk
2019,30(5) :673-681. (CHENG Liang, HU Xia, WANG
The N-shaped

Kuznets

Zongzhi, et al. industrial water use

environmental curve and its  formation
mechanism: a case study from Shandong Province [ J ].
Advances in Water Science,2019,30(5) :673-681. (in

Chinese) )

[25] skdmde TRt Tl K R 22 1R R ith oy i [0 ], ¢

- 197 -



JEFRL % 2016, 38 (1) :102-109. ( ZHANG Bingbing,
SHEN Manhong. Analysis of the industrial water Kuznets
curve[ J ]. Resources Science,2016,38(1) :102-109. (in
Chinese) )

[26] MA it KA. FEF EKC Bl T py Rl FiK SR
PRRIYERIBUEL )] TLA AR 240 ,2017,29(9) :147-
150. ( YE Youhao, YUAN Yongsheng. Argument of
relationship between agricultural water and grain yield
based on EKC[]J]. Acta Agriculturae Jiangxi, 2017, 29
(9) :147-150. (in Chinese) )

[27] KA HERIAR, 200, 45, BT 22 weth 2k i vh [ T
WHK G525 R PR 1], BWIER,2017,39
(6):1117-1126. (ZHANG Yue, PAN Bolin, LI Jinbin, et
al. The relationship analysis between Chinese industrial
water use and economic growth based on the Kuznets
curve[ J |. Resources Science,2017,39(6) :1117-1126.
(in Chinese) )

[28] LEVIN A,LIN C F,CHU C S J. Unit root tests in panel
data ; asymptotic and finite-sample properties [ J]. Journal
of Econometrics,2002,108(1) :1-24.

[29] BREITUNG J. The local power of some unit root tests for
panel data[ M]//BALTAGI B H,FOMBY T B, CARTER
HILL R. Nonstationary panels, panel cointegration, and
dynamic panels ( Advances in Econometrics, Vol. 15).
Bingley: Emerald Group Publishing Limited, 2001
161-177.

[30] DURBIN J,WATSON G S. Testing for serial correlation in
least squares regression[ J |. Biometrika, 1950,37 (3/4) .
409-428.

[31] IM K S,PESARAN M H,SHIN Y. Testing for unit roots in
heterogeneous panels[ J |. Journal of Econometrics,2003,
115(1) :53-74.

[32] CHOI I. Unit root tests for panel data[J]. Journal of
International Money and Finance,2001,20(2) :249-272.

[33] B4, EL0H, RARTY, 5. SO XK -RE IR A ]
B SYHRIE SRS 1]. K BER LR, 2021,37(5)
102-111. ( HONG Siyang, WANG Hongrui, LIANG
Junfen, et al. Calculation of energy-water utilization
efficiency and resource pressure in Beijing-Tianjin-Hebei
region| J]. Water Resources Protection,2021,37(5) ;102-
111. (in Chinese) )

[34] B8, FL0%m, %, FIEN D LT RIK R I 25 A
KA BE RN SESE 2 34 [ J]. K L RETRBLA: 2017,
35 (11): 136-140. ( HONG Siyang, WANG Hongrui,
CHENG Tao. Spatial relation measurement and decoupling
analysis of population, economy and water footprint in
China[ J]. Water Resources and Power,2017,35(11):
136-140. (in Chinese) )

- 198 -

[35

[39

] JONES J W, RITCHIE J T. Crop growth models[ M ]//
HOFFMAN G J, HOWELL T A, SOLOMON K H.
Management of farm irrigation systems. St. Joseph: ASAE,
1990 :63-89.

1R, B kAR b Tl R R Y B 2 gk

BRI R B2 [J]. KT J RS I8 5 R4, 2017, 26

(2):159-170. ( LEI Yutao, HUANG Liping, ZHANG

Heng. Research on the dynamic evolution and the driving

factors of industrial water consumption efficiency in China

[J]. Resources and Environment in the Yangtze Basin,

2017,26(2) :159-170. (in Chinese) )

W, g bl bl | 2050, 45 rb K -RR IR AL O R WL n)

THFERZSEATIEL ], AR BEIRLRS,2022,38 (5) :159-165.

(ZENG Meng,ZHANG Yuanyuan, WANG Hongrui, et al.

Bidirectional consumption accounting of water-energy

[

nexus in China[ J]. Water Resources Protection,2022,38
(5) :159-165. (in Chinese) )
GODFREY L G. Misspecification tests and their uses in

[

econometrics [ J ]. Journal of Statistical Planning and
Inference , 1996 ,49(2) :241-260.

T WEHEZE PRING ph, A BEOK BE TR DM & S5
JPEWET )] AR ARDK BB ,2021,41(6) :72-77.
(YOU Jinjun, LIN Pengfei, JIANG Yunzhong, et al.
Analysis of concepts and calculation methods related to
water supply capacity [ J ]. Advances in Science and
Technology of Water Resources,2021,41(6) :72-77. (in
Chinese) )

] i‘ Vi, ARl VEIRAE AR K R 08 5 REARK I 3 B

SRR [ ] TR A2 4 (F AR A2 ) , 2020, 48
(4) :320-326. (LIU Jing, YU Zhongbo. Water footprints
and virtual water flows of agricultural products in Jiangsu
and their environmental impacts [ J]. Journal of Hohai
University ( Natural Sciences) , 2020, 48 (4) :320-326.
(in Chinese) )

] SRR R G, A, A FRIE Tl K BUAR | TR S
TRX AL ]. PREE R P, 2022,50 (6) : 58-63. (GUO
Fengyuan, XU Jianfeng, XU Min, et al. Present situation,
problems and water-saving countermeasures of industrial
water use in China[ J]. Environmental Protection,2022,50
(6) :58-63. (in Chinese) )

], A I, KT IR BT AT B U
T ORGP R S (] KB B AR D, 2021,37 (2) 119,
(WANG Hao,WANG Jianhua,HU Peng. New connotation of
water  resources  protection; “ quantity-quality-domain-
connectivity-biology” coordinated protection and restoration
[J]. Water Resources Protection, 2021,37 (2):19. (in
Chinese) )

(ki H391:2022-01-23 S« Hfiall)



