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Tab. 1 Different scenarios of the South-to-North Water

Transfer Project, the water distribution of each

industry in Beijing, Tianjin and Hebei
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Fig. 1 Changes in water availability and water scarcity in various industries under different water transfer scenarios
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Fig. 2 Changes in water availability of Beijing-Tianjin-Hebei cities under different water transfer scenarios
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Tab. 2 Changes in the competitiveness of agricultural water use in Beijing-Tianjin-Hebei cities under different water transfer scenarios
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Tab. 3 Changes in the competitiveness of industrial water use in Beijing-Tianjin-Hebei cities under different water transfer scenarios
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Tab. 4 Changes in domestic water competitiveness of cities in Beijing-Tianjin-Hebei under different water transfer scenarios
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Tab. 5 Changes in the competitiveness of comprehensive water use in the Beijing-Tianjin-Hebei region under different water transfer scenarios
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Fig. 3 Changes in water competitiveness of the Beijing-Tianjin-Hebei region under different water transfer

TR A& PR 53 I AR SR KA 5t FH/KSE

T E R IR TP T AL A o AR R LR
K4S yda5cm . So s T RIERG HKSE
G 14850 WCIL 4 1. 70,S,.S,.S; 15 WCI {4y
P 1,421,421 35, /N T 17. 8% B4R
JE UM DX 7K T8 4 e R A 1 DX s FLUOR HB R
Sy &5 T XIS G K SE G T3 4850k 1. 42, S, .
S, .S T WCIEZr 94 1. 30.1. 30.1. 26,14
WA 9.5 %0 W MFE So T B T ILEA FKSEF
HN 1.02,51.S,.S; 15 WCI fHFE 2 0. 90,

0. 84.,0. 80, X8/ N T 16. 9 %% 5 HoAth 52 K Ik 17 1 25
A K SE 4 138 BE K AL TR K 244 T 3430
T 12.1%. BAORAE BRI Sk K BRI AT bR
SUHELHD X K 8 4 () L AEATS SR 0 G it 1 ot
TR I X K B8 U 5 G 1) B KR A S U R AR TE

PR XA K BT IR AN IR K %) T S 43 03
M XA AT PR PRI K2 T HRp 0 e LA BRI T S

TR

=A

FET R K 38 4 138 B (WCD B, 5
G301 A K AL IR AT 5 L Hl X 7K 55 4 A
FEMA s S A7 7K X ] K G A R K AL TR DR K ) 358
FEUERE 5L (S X3 m 85 %6 (HLHBHE I & A W 4
TR EIE R I 5E UG (SO AR K it
TR At AZ 7K DX 881 Wi 75 7K S 7E R 2K G TR #R
A1E ST WRBE AR BRI . FERTKALTRSR K 574 b
KRG HK RO » A3 . Tk Fiflk 46 3 Mk iy
FHAK R ERFEEEAS 3 1 A [R) R B2 1Y 22 i A7 b W Pk
TSR] AR B 2 e AR 0 R K SRR T B
st s Tolb ik Z s Rl s/

KX KE B o 447 -



%20% %3 BAE G AR CE IO

2022 % 6 A

ST R KIS IR K S L 4%
KT AT K SE 4 IR B R Va . 5
Sy THEAHE, S1.S: .S I ARk Tolk AR 36 FK
S SO YN T 10,696, 15. 1% 26.1%,
MZZ KR AEATIE I FH K S G I8 BORE - Kk i Y
(1 4l /K 38 4 g 6 80T BRI L OF B0
15. 9% Al FK 115 8 B 5 2 . 7ML R
(4 ol FH 7K 5 4 07 48 B0 B R 7 308/ ik %)
24. 3%  FE—EFRBE D BAR T RS M X ) Tl
K. dbat KRB & BRI K G I8 80T
Rt K 28/ 35 6, 1k WX 20T 3 el X1 2
FKORBERE S 42T 00 B3 .

Iy IXIRFE AEF KL TR K =T
RS X K SE 4 16 502 BB E U A &
5T WCL 98008 A 16. 196, R JL st T
L5 FHOK S8 4 07 08U f5e K SE 33080/ 26. 6 %6 5 X3
FH7K 4 3 A DB BV VS X 09T b e S X R0
AU R B LAY, EE K E R OEA R
JE HBER AU &, 7 vh AR 28 05 28 TR /K 43 il
Hh B2 X K AR b » 28 T AL R R DX R K 5
ST,

SRR BRI TR K KA 2 T 5t
TR DX R K g o % 5 R B K U5 28 4 R B 1
RS R R AA ERE X,

5 % 3Lk (References) :

(1] AW 250 A 250 —. — AL AR rh st 3K R
GINESE I ER Y ¥ S N g AN 2P G AEES YN
FRH,2019,17(2):29-39. (YU H Z,LIL JL,LIJ Y.
Temporal and spatial relationships between water re-
sources utilization and urban economic development in
Beijing-Tianjin-Hebei region during integration process
[J]. South-to-North Water Transfers and Water Sci-
ence & Technology,2019,17(2):29-39. (in Chinese))
DOI:10. 13476/j. cnki. nshdqk. 2019. 0031.

[2] KB BUAT X = 5. e PRI & T HMEDL
LY. AR K o Bk 22 BE 5 BE 27 41 2005 (3) + 183-
187. (ZHAN C L, RUAN B Q, LIU Y, et al. On the
economic compensation mechanism of competitive wa-
ter use[ J ]. Journal of China Institute of Water Re-
sources and Hydropower Research, 2005(3) : 183-187.
(in Chinese)) DOI: 10. 13244/j. cnki. jiwhr. 2005. 03.
005.

(3] 20 TR KBRS Uk L) ] Rk 5
X, ,2005(2) : 22-24. (LI X, YANG W G. Water re-

o 448« KX KK &

sources regional competition coordination[ ]J]. Science
and Technology Progress and Countermeasures, 2005
(2):22-24. (in Chinese)) DOI: 10. 13244/j. cnki. ji-
whr. 2005. 03. 005.

(4] 3% 5/0W, T8, 5. Bukiis K s S5PMEX
o LAROTT i 30 4 LT . K B 2% 1 i, 2020, 31 (6)
897-907. (SHANG W X,PENG S M, WANG Y, et al.
Competition and cooperation relationship of water utili-
zation in water shortage basins: A case study of Yellow
River basin[ ]J]. Advances in Water Science, 2020, 31
(6):897-907. (in Chinese)) DOI:10. 14042/j. cnki. 32.
1309. 2020. 06. 009.

(5] 5. B5 FOK b S W3R 43 M L) 1. KR 2# 4k, 2011, 42
(2):204-210. (ZENG Y. Game analysis of cross-border
water conflicts[ J]. Journal of Hydraulic Engineering,
2011,42(2) :204-210. (in Chinese)) DOI: 10. 13243/j.
enki. slxb. 2011. 02. 019.

[6] FARHHAT C,CHRISTOPHER L,BENEDYKT D. A
century of water supply expansion for ten U. S, cities
[J]. Applied Geography, 2013, 45. DOI. 10. 1016/j. ap-
geog. 2013, 07. 020.

(7] Fafe, 5T, & A, JUHK B IR AR TE 3 K X 56
LI, o K AL 2012 (S 2 15-17. (WANG ] H.
ZHAI ] Q,ZHAO Y. Water resources evolution and
countermeasures in Beijing [ J ]. China Water Re-
sources, 2012 (S1) ; 15-17. (in Chinese)) DOI: CNKI;
SUN:. SLZG. 0. 2012-S1-008.

[8] ZHONG C,DUAN Q Y.PAT J Y.,et al. Sub-regional
groundwater storage recovery in North China Plain af-
ter the South-to-North water diversion project[ ] ].
Journal of Hydrology, 2021, 597; 126156, DOI; 10.
1016/]. JHYDROL.. 2021. 126156.

(9] HME. R, B 25 SMRZKS nUE R OK IR A )
ST ()], % WA 24, 2018, 40 (11); 2236-2246.
(HAN Y,ZHANG S F,LYU A F. Research of effect
on water resources carrying capacity in Beijing-Tianjin-
Hebei region by water transfer[ J]. Resources Science,
2018,40 (11). 2236-2246. (in Chinese)) DOI. 10.
18402/ resci. 2018. 11. 10.

(100 RPh mUHEEEH X 7l 4548 5 K B A S I P 43 A B
R B Ag g [T ] HE A D - B 555,
2018,28 (9): 158-166. (WU D. Correlation analysis
and bidirectional optimization model of industrial
structure and water resources in Beijing-Tianjin-He-
bei region[ J]. China Population, Resources and Envi-
ronment, 2018, 28 (9) ; 158-166. (in Chinese)) DOI:
CNKI:SUN: ZGRZ. 0. 2018-09-018.

(11]  BiBA L BT AhAT L, &5, T EE ol T it 7 rpok %



BRI F EARBRAN R EEIRE AL S NP

AR L], TR 55T, 2018,
32(12):152-156. (YAN M, HE L., SUN L Y, et al
Water resources utilization during the restructuring
optimization of industries in the Beijing-Tianjin-Hebei
region[ J |. Journal of Arid Land Resources and Envi-
ronment, 2018,32(12) :152-156. (in Chinese)) DOI.
10. 13448/j. cnki. jalre. 2018. 380.

TR0 TR R, L R KL TP ik 5 L
T D) K W8 PR C 5 ) PR B A L 1L o ity 5 I
TRl 4], 2019, 27(2) : 239-251. (SU X Y. YU Y,
ZHAO ] S,et al. Game analysis of trans-regional wa-
ter game analysis of trans-regional water resources al-
location in Beijing[ J ]. Journal of Basic Science and
Engineering, 2019, 27 (2): 239-251. (in Chinese))
DOI: 10. 16058/j. issn. 1005-0930. 2019. 02. 001.
B, DRI K e 4 iR B S5 [ DL db st b
FE K Ak LR B 58 B » 2018, (FU W Q. Evolution-
ary law and evaluation of regional water competition
[D]. Beijing: China Institute of Water Resources and
Hydropower Research, 2018. (in Chinese))

MG K R RE  BRBIER. IS ) SR B S R
I3HT T AR 500 SR AR AR LT . Skl ke S wF
7%.,2013,20(6) . 72-79. (NI P F,ZHAO B,WEI S K.
Index construction and factor analysis of urban com-
petitiveness: Based on a sample of 500 typical cities in
the world[ ] ]. Urban Development Studies, 2013, 20
(6):72-79. (in Chinese)) DOI: 10. 3969/j. issn. 1006-
3862.2013. 06. 011.

XU R IR, WivLA8 el 36 4 ) Le B 7 ) ). 4
Al 2 I, 2014, 35(3) : 102-109. (LIU C X, ZHU L
Y. A Comparative study on fishery competitiveness in
Zhejiang Province[ J . Issues in Agricultural Econo-
my, 2014, 35 (3): 102-109. (in Chinese)) DOI: 10.
13246/j. cnki. iae. 2014. 03. 017,

21 BB ] BH. 7K 9% 8 DXCIERSE 4 2R 30 B D B B LA
[17.3k2%,2007(8) : 68-70. (LI X, XIONG X Y. Cau-
ses and regulations of regional competition anomie in
water resources| J |. Seeker, 2007 (8) : 68-70. (in Chi-
nese)) DOI:10. 16059/j. cnki. cn43-1008/c. 2007. 08.
006.

. EBRI UG SE 4 R MK B L 1. Ahsg
S (SN2 B 247 - 2019, 36(6) : 155. (HAN Y. In-
ternational rivers: Water resource allocation under
norm competition[ J ]. Foreign Affairs Review, 2019,
36(6) :155. (in Chinese)) DOI: CNKI: SUN.; WJXY.
0. 2019-06-008.

A, GRAIR » TR, 5 855 7K % 55 4 ol P A 0 15 35
AT A LT 08 % 5 8 B, 2017, 26 (8): 45-53.

(ZHENG J,ZHANG Y Q,WANG S L. Cross-border
water resources competition institutional model and
competitive behavior [ J ]. Operations Research and
Management Science, 2017, 26 (8): 45-53. (in Chi-
nese)) DOI; CNKI: SUN. YCGL. 0. 2017-08-007.
HERMARB B. Urban and agricultural competition for
water, and water reuse[ J]. International Journal of
Water Resources Development, 2015, 9 (1) 13-25.
DOI: 10. 1080/07900629308722570.

ES ) . b T R K G54 A R H R e B LT .
R RALIE 5K AR, 2018, 16 (4) : 1-6, 34. (BAI P,
LIU C M. Evolution law and attribution analysis of
water utilization structure in Beijing [ J ]. South-to-
North Water Transfers and Water Science & Tech-
nology,2018,16 (4):1-6, 34. (in Chinese)) DOI. 10.
13476/j. cnki. nsbdgk. 2018, 0090.

R DR G IR 5 S DA S s 8] 22 S
[J7. 5 7KHEE  2018(2) : 88-92. (CHANG Y M. Eval-
uation of regional water resources environmental com-
petitiveness and spatial differences[ ]J]. Water Saving
Irrigation, 2018(2) :88-92. (in Chinese)) DOI. CNKI:
SUN. JSGU. 0. 2018-02-020.

BEARST B Hi e, BB L & KR IR Z AL TR R 5
A PR E M. G5 s b E KR K H R 20172 39-
42. (HOU B D, XIAO W H,ZHAO Y, et al. Hierar-
chical demand calculation and reasonable allocation of
water resources| M. Beijing: China Water & Power
Press, 2017:39-42. (in Chinese))
BEFTRERETY, & RKE S RO ik
KHR T LT ] v KRR B 22 AF 58 B 2 41
2021,19(1):122-129. (ZHAI ] Q,ZHAO Y,ZHAOJ
F,et al. Evaluation method of water competitiveness
index and its application[ J ]. Journal of China Institute
of Water Resources and Hydropower Research,2021,
19(1):122-129. (in Chinese)) DOI:10. 13244 /. cnki.
jiwhr. 20200151.

Rl FRERR. BER M - AR AR H 3 ol 5 SR
R[], Geit s, 2012,29(10):45-51. (LU K Q.
Factor balance: Algorithm improvement and empirical
research on human development index[ ] . Statistical
Research, 2012, 29 (10) : 45-51. (in Chinese)) DOI:
10. 19343/j. enki. 11-1302/c. 2012. 10. 007.

e PRI QTN S 2 36V 35S =g iR U ARR
HhE L 2R 2F, 2014 (6) : 69-95, 207-208. (LI X X,
LIU Y M, SONG T. Calculation of human green de-
velopment index[ ] ]. Social Sciences in China, 2014
(6):69-95,207-208. (in Chinese)) DOI.CNKI: SUN.
ZSHK. 0. 2014-06-004.

KX KE B e 449 -



%204 %3 mACE G AMBB I 2022 £ 6 A

Impact of South-to-North Water Transfer on Water Competitiveness in Beijing-Tianjin-Hebei Region
ZHAI Jiaqi' , ZHAO Yong' ,ZHAO Jifang"?,FU Wenqgi"* , LI Haihong' , JJANG Shan!

(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,China Institute of Water
Resources and Hydropower Research ,Beijing 100038, China; 2. Urban and Rural Construction College , Hebei Agricultural
University , Baoding 071001, China; 3. Power China Northwest Engineering Corporation Limited , Xi'an 710065, China)
Abstract: Beijing-Tianjin-Hebei region is a political and economic center of North China, but its water resources per capita are
less than one-tenth of the national average. Water resources competition caused by the contradiction between supply and demand
has become a normal situation in this region. The phenomenon of water competition referred to the contradictions and conflicts
in the use of water resources in terms of purpose, time and location. Due to water resources scarcity and uneven distribution, the
disputes between the Guanting Reservoir and the Miyun Reservoir are the same. Given the limited water supply in this area, it is
far from being able to meet the needs of regional development. Through the implementation of the South-to-North Water Trans-
fer Project,China has transferred a part of the water resources from the abundant southern areas to the water-deficient areas in
the north. The goal is to alleviate the current outstanding water competition pressure. The transfer of a large number of exter-
nally transferred water sources has contributed to ensuring the sustainable development of the social economy and water re-
sources of the Beijing-Tianjin-Hebei. But at the same time, it has also changed regional water supply and demand pattern, direct-
ly affecting water competition situation. Therefore,a quantitative analysis of the impact of the South-to-North Water Transfer
Project on the competition of water resources in the Beijing-Tianjin-Hebei region is of great significance to ensure the rational

use of regional water resources.

The proposed water competitiveness mainly includes four parts; the main body of the competition, the demand for interests,
the nature of the competition, and the objectives of the competition. If the existing water resources can not meet the water needs
of all the main water users,the main water users had to obtain more and better water resources through competition to ensure
basic production and domestic water use. This kind of water main body’s attraction and competition for water resources was de-
fined as regional water competitiveness. The competitiveness of water use was inseparable from factors such as water driving
factors, rigid demand, and water efficiency. Therefore, this study used driving growth rate, rigid water demand, water efficiency,
and water scarcity as the four evaluation indicators of water competitiveness. The four evaluation indicators of each industry
need to be calculated according to formulas to obtain different types of water competitiveness. Then the four evaluation indica-
tors are standardized and substituted into corresponding formulas to calculate the water competitiveness index of each industry.
Finally, the water competition index of each industry in the region was added to obtain the regional water competitiveness, to
quantitatively analyze the size of the water competitiveness of each industry and region.

Results showed that according to the set of multiple water scenarios (S;,S.,S;) , the supply amount of a baseline scenario
(S,) rose more than 20% , respectively, and Beijing-Tianjin-Hebei is tapping to Handan, Xingtai., phase ii of the eastern front in
the (S;),there is still a large gap of water supply, after the completion of other local rigid demand in south-to-north water
transfer supply. In addition, compared to S, scenario,agricultural, industrial and domestic water competitiveness indices of Bei-
jing-Tianjin-Hebei water-affected cities decreased by 10. 6% ,15. 1% ,and 26. 1% on average under S, ,S, ,and S; scenarios,and
regional water competitiveness indices decreased by 11.5%,16. 9% ,and 19. 8 %4, respectively. Among them, Tianjin and Beijing
displayed the biggest decline in their comprehensive, with an average of 26. 6 %.

Under the combined supply of water from the South-to-North Water Transfer project and the local water resources, the
water shortage in the three industries of living, industry,and agriculture has been alleviated to varying degrees. The rigid water
demand of all industries can be satisfied,and the domestic water shortage decreases the fastest, followed by industry and agricul-
ture. Compared with the baseline scenario (S;) , the industrial water competitiveness of each water supply area in Beijing-Tian-
jin-Hebei decreased by 17. 3% and the regional water competitiveness decreased by 16.1% on average. In terms of space, the
distribution characteristics have changed from a double center in the Bohai Bay Rim and southern Hebei to a single center in
southern Hebei. In general, although the water transfer from the south to north does not eliminate the water resource competi-
tion problem in Beijing-Tianjin-Hebei region, it still greatly alleviates the water pressure, which is of great significance to the
sustainable development of water resources and the optimal allocation of water resources in the region.

Key words: water competitiveness; Beijing-Tianjin-Hebei region; South-to-North Water Project Transfer
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