2085 %11
2022 4 2

B KL 5 K F B Crprse 30O
South-to-North Water Transfers and Water Science &. Technology

Vol.20 No. 1
Feb. 2022

DOI:10. 13476/j. cnki. nsbdok. 2022. 0011

LT A O R L A5 SR T ORI R K LR TR 23S AT AR PPN« LATHT e L8 32 K XA LT ). me ok AR S K FIRHEE (Fh
P ,2022,20(1):93-101. LI H Y,FU J B,CHU Y, et al. Assessment on operating effect on the Middle Route of South-to-
North Water Diversion Project considering human-water harmony: Case of the typical water receiving areas in Henan Province

[ T]. South-to-North Water Transfers and Water Science & Technology,2022,20(1):93-101. (in Chinese)

BT AKFERmEAKILE P LESITRREN
U B AL AR K

At AR AR R AR

(LT A2 e A LT A2y e - AR 4511915 2. /K AL A-5 B i sl A A5 R ot - AN 45119

R P AT RO e 2K AL R R TR s A TR » D0 T A B 5 E RO o 38 B8 LT g S 2 0K X Oy
1 FET AOKFIE RS AR BEIRAE N S 22 5k 2 R S i G BE R R M K TR S e 5 A S I R R IP AR AL, O
X SR BRI 18] 45 5 B RN BE AT XS LIRSS . A5 SR s ) g ML TR 2 7K DX FR) RIS FEE DRSS 8] 48 B R BT 73 3 B B - 28
— [ B e R AP Fh 2 R BT (19992003 4F) B ARFNE EMEAE 0. 5 LR KUERARH R BT 5 — BB
N TAEIF TJ5 (20032008 4F) o 37331 DRI BEAEIA 2] 0. 6, (HBE AR AIE BE(E BoA W2 BT A7 237 e = B R
Kt 5 — B B LRl /K G (20142018 4F) BN BETT U6 b Sk 3 0. 7, WS [I4ERER » B /K IR X B
FATT PH L/ S 03t 8 A0 R R A0 S0 TSP - T L v % R P DU P i ook . 7 08048 02 1 98 22T e A 1 7K LB 3
YRR S N KASE Zy WL o oo K ATl 6 L B i A O UM R

SRR« B KL T s KNI 5 R A2 8% s R IEAY s 9T g AL A2 K X

FE 5 EKS:TV6S XEPRERD A

FKALIR & TR PHL K EES K 24k,
2014 4K & 2021 4E 7 20 H, & itk 400
ZAC m® W 2K X 25 At 2k R 2R K S
FERHESIE A . (TR BB o] 2 s AN, 52
IKIX K RS 2 AL 2 10 2 S e R AL FAH 4 RE 7K
S, B2 [ 8 K R T R A T 1) 1 5 i T B, s
T2 K XN N BEHE AR D) 50 1 [

ENAIMBE X T KER S L5 & A RS
KRMWEFE . 76 E P43 7 J7 i : Bertalanffy™! )L &
GEL R & KRR &SV ES RS
SN T —ANERNE RS EAEE S N T
K ESHEE S S ZRIMNER AR =H X
FRAZ VLR R I MR 2. 76 VPN D T« 22 HL s

s HEA:2021-08-27  {&[E HHEA:2021-09-25

TR (B RAR S ) 4R EAS (OSID) :

AU TR K SRR D R A T A B A
5T T KBTI 2 554 2 22 18] 9 45 T AH B 13 3
FIDCC A RE L 5 7K P AF 0 T 5 22 T e 55 /K ¢
TR P 25 B SGIB A HEATRIF T 5 5K R PR B2 L
O3 TR BT O A A 2ok R IR B A G
F s Nagy 0BG DX 1 KRS X
SERIAT AL 7K 114 Dy S SO R i M XK B A
ARAGTE M PRI T HEAT T 255 70 M » e ST 4]
TIOR AU B 5K T RE 23 2k 25 i i T il X ] i
IR P AT BB XRS5 A% 2557 FHAH G 3 B Fi [l )9
IHTRIIT I XK IR- A i - AR SR E S R
GEIN AR Y R R T T Hre KT AOKINE & 8
AIBIFSE « LB AR ALY & 2004 4F 1 rp KA oFF

W) 4% 4 R B 8] < 2021-10-07

) 2% ARt Ik - https: //kns. cnki. net/kems/detail /13, 1430. TV. 20210930. 1656. 002. html

BEE&WA : EFE HRPEIES T H (42077449; U1704121571804042) 5 i #B ASCHE 22 Bl2430 H (19YJC630075) 5 1l 7 48 Bk4% 1357 A A 31 H
(19IRTSTHNO15) ; 7] B 8 BHEZ A3 AA CASCHERD 3 H (2021-CX-050)

EE BT 2204 (1979 & W RI A O 308 fl e, BB NFAT B R 5 TR KR IRAT B ST . E-mail : hylihn@126. com

HRILBEELIRGZATLLELEEARKAEEL « 93



204 1M BAES AFFE (I 2022 F 2 A

T B F0E N NOKFNE” IR BT T KA
IR 5 A0 HOS S R Y DU I L R R L N =
RAEALHENTE B AT SEHER B E T A K A 1L
B8 B RERl 5 S5 AT ZR R AL OB ) e
AIVOTRI ALY A S T KL T 2 TR Y
Rt AT« B A RO T R K AL P R AR
DI 28 D ek 2 1] RF 0 T R 2 W) H) AR S Bk 2 1) AL
OB R B BB R KL IR T RE K .
KSR A A5 4 B T3 AR A AN K A Y
T T 5 AL~ 5L Ry A8 3t DX 3t T 7K A7 2 52 3 [l 7
B TEARSE RS 2000 4E IR R K AL AR L P2k
— W AR 52 0K XA 25 BB AR B0 AN I il 72 ) 3k i
FZKARBEAEAT T Geit o3 Hr - &5 R R W — ) TR X
327K DXl T AR K R MY A 25 PR 5 o 8 B A B A
MIPEIT . & T R /KAL I LR 32 K XK B 5 & 5%
Mo AR A B AR AR R 0y % B R K R i1
Senh b AR 2 22 5% R B AR SR BB S AUK
BEUR AT A T o B AR A R GE 70 A S B s
ARGV A TC A Y 5 Eh 3R A5 AE FUE K R
b A NI R S T P /N A8 X (S SE i N
TEAL 2 S 7 i 4 g K AR AR Hh 452 K XK
BRI AR o B U R B PR R AL oA 2T
WORBEIRS 2 UrAt 2 B & R M Z s Hrefilz
IR SEAR . RLE R D A58 R 7K AL 3 o 2k AR 7K
TSGR R4 T BBRNS% ., [HX
2 S S S D O S T S = ST L = 1 AN
] - 7E TRRBATRORA BOHN T7 AT A sk . A
FEANTEAE K AL I P 2 AR T R SR 2 K X T A A
BERT BT R G5 4 SN 1] Y 5 AR LA
Je& (I 3 A A BEVEAN 52K XK BE IR 5 4 e kL 2
R RERE L LU N A il A SO PR TRRs AT ORI
MHARSE

1 HRRXBRFNEIERIE

1.1 AR

KA R TRRIE AT R 11 JE b T K
Horp BT LA 5 CZEBH AR CIERH BT £ LS
BE) M AR A 6 J G B AR R R R FH
SETRLD o ASEFFEFEEEL 6 A Fb A MR i 37 7K X OHS
WA R P T B S R B AR S
Brfe T RE I B &3 /T (1999 4F . 2000 4F) | £ % 3
(2003 4F) , g (2008 4F) M T 3 H id K J5
(2014 42018 4F) [l b X K B8R 5 H 4 P at 2 F
WK SRS, TR 2K X AT X UL 1, Herp g

* 94 ¢« HRKLALSLIRZAETALSEARKAALR

B3 IS DX Gl B 2K XD

1 TERKREHAREX
Fig. 1 Water receiving areas in Henan

Province and research area

1.2 H¥#ERR

A5 W DU AR AL 9 3 2R ok 1 T 4 7K
VRSO R 8 G 5 )T B A K BRI A0 i)
P B LA b 3T A 2K R B B JROIR O e T A AR
S IABE R IR R ST 2 AROMT T R A ORI A
BB R GTT AR .

2 FkitEAPLNEARBEZKXKEZRS
KT

2.1 Rk

AHSE BRI 2 o 0 SR AR AR
MNOKFE BE 254 AL P 7 35 b i B AE AR SMIT-P
LRI S R BAHE A o D) o Ak 22 48 A v D 25 -
FEARE NN ZE G 46 B PE Jr i, AE TR .

R 1 E AR AR T . F8 AR AR ALy I
JFH Sf i g — A B[] AR AT B 75 B R AR (E Y
AW AR AT A AR AR B B AR Dy T AR R g,
2y R B o B o [ RS L 5 = A S = N [ L N
TR 1 1% [T 2 8 B (B R Sy 1 T 1 [ R A
B (BRI | R R BT % [0 7 i s DU g o Ay
If] P9 [0 52 P s

IR 2, E R AR IEAE . A K T AR Ak
FR 77 05 B N TK A FR RIS O T 13 R B 45 W (R P
A FEMEAL A0, 1T A KA 43 BE i b sR 2L
A3 B A oo B FRIE(E . B AR
FERRAR I A T A (@) EEE G A HHE (O 5
A (D e MEAE (o) 5 A5 B s FRAEAA L #5 H TR 1)
B b R = AL R EE 2 0,0.3,0.6,0. 8,
1.0, 2 VIMH () B R K. 255 [ Y i



Foad. % ET AR E AR P LEATRRITN

ZE IR 8 [ N SR R A 0F 58 R K P 247 25
BB 5 B2 i A Coo B 2 B BV Ay 5 e 1) K OF
Z MR BEA Tk 3 22 A [ B b 7K P £ 47
E s BZE AR AE (o HEAT HEAL B 2 I AR Ol N Y
SR KT s B2 I B A (D W) 3 BEAR B fie 25 45 4
{8 (o) IR UAE (o) 4 L EAT AR5 31 5 50 22 1 Y f
(o) ) F2 ZEARA e 22 V- BIME (@) B AEL (o) A fEL T i
frfefasl.

1.0

IR L
o o o
[9%) N o0

fEIRE
(a) IEMFER

AR 3R EREAL . AR AR RN B AL
PR R P BRI T 5 SR B 1 O v B 5 A FR b
(i o SR T 23 BT SR 1Y) oR BT — b e IR )
[0, 1 AR JE BEYE [ 2 b o B AT DUAR 8 X6 Bz (%) 458 b
{ELAN T 35045 H AH X 1 B B4 BR A1 BE (Sub In-
dex Harmony Degree, fij# SHD) , ] IsupF/~. IE
8 3 [ FE AR Tsun RS BE AR AL B LA 2 s
HEALIA (D (2,

EE L,

Si27N

L)

fEIRE
(b) HERIEIR

2 I FEETHTRE

Fig. 2 Map of harmony degree change process of Ispp

TE [ B AR A -

0 x,<a;
X da; .
0. 3<b;*af> a,<x,<b,
0. 3+0. 3("”_[’1') b, <x,<c
c;—b;
ISHDI. - e, @y
0.640.2(7=2) ¢ <u<d,
x;—d,;
O. 8"70.2(617(11) di<1‘,‘<e,'
1 e, <x;
T[] B BRI
1 x<le;
0. 8-+0. 2(? :j') e, <x,<d,
c;—x, )
0. 6+0. 2<C,’*d1’> d, <z <c
ISHD} - bz, (2)
0.3+0.3(7 =) ¢ <a<b,
0.3 (Z:z ) b<x<a,
0 a;<<x;

PR AT E PP SRR R RANEE . AN
AP AL A A 28 T T A F AR A ]

YA » BRI AT 48 o 0 RIS B B S5 AR S AR
AR FIIEEE

RS, ZAebR G 5 Z WAL L. T A AL
BRIBCR A 70 5 BIDAS BRLAE AR AIE BE 1h /D 22 R A R
BOATLAA TR B R A MR . |5 A& HiR
I RIEWR PR AE B T4 15 B HER e 282
AL s SRS X JZ T 4% 53 28 2 148 bR A B2 i
e A 308 BARHEN] 2 FN R B 5 XHE 2
AR TR B 15 3 HPRMEN A B . 7330045
TRIAIK IR 5 2P ST EE Lipsip . FIEBETT
BAN

ny

Lo = > wilsim, (Y, (T) (3)
=1
112

Toenen = > wilsim, (Y, (T)) 4
i=1

Loy = 2 wilsi, (Y5, (T)) (5

K Tnenen A T W ZIBEREEE s DEDCT) Jy T 1 %)
1) 5 e FE TR E5 Tuaner A T B 20 WR R B2 5 455 w,
HBATACHENTEAR AL 5 72y 12, omy G390 AR |
K U 3 AR AL HE I BR 2 B B AR AR 19140
L, (Y, CT) 43 351 Oy B AL 8 AR A 1AL 17 24
GERLY ) CD R AIEARAE T I 2B 1E.

IR 5 25t S A IR B (Thpsin) 5K

HRILASLEIREZAETLALLSARKAALL 95



F20% F 18 #@AHES AABHCFEO

2022 4 2 F

KeFon, HRk0h

I'nestoen = Trep oo [31 +1 DED(T) ,82 +1 HAD(T) /33 (6)
e g BB 439 3 A HEIZ (AL .
2.2 FMIEARIR AN

P FE b B A SCE K R G fad R . A SC

57K R G R 2 A B K Ji& L N SR GE K 3R 58 A
BRGEZ R B A5 A 2 T8 B R R K
JEEFE UM IR BEFRBR A9 R BEAT SE T IR AE L A
WA EAFE] 4 D2 R R R BRI
#= 1,

x1 KRBEESZFHSMERRTNIER

Tab. 1 Evaluation index of harmonious development of water resources and economy and society
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Tab. 2 Average values of basic characteristics of harmony evaluation index in Henan Province

R2 AEEMETEERESFETHE

EiEL i a b ¢ d e
KGR B/ m? 5.09 14. 88 24. 66 96. 42 168. 17
HiUR K AHER /m 2.99 4,91 6. 82 10. 32 13. 82
Pk R E 0.14 0.21 0. 28 0. 42 0. 56
ANEERE/ N « km™2) 1 497. 10 1129. 43 761.75 557.73 353. 70
Ui iR Y 7.29 23.28 39.27 60.01 80. 74
A GDP/GGE + a=1) 4 182. 30 14 197. 65 24 213. 00 67 146. 10 110 079. 20
GDP B 3%/ % —11. 88 —1.35 9.18 12. 84 16. 50
H =l & GDP il % 19. 58 26. 69 33.79 16. 98 60. 17
7396 GDP K48/ m? 905. 94 561. 71 217. 48 117. 93 18.38
Ji ot GDP 7K & /m? 904. 20 557. 28 210. 36 110. 04 9.72
AR = h kg 139. 50 294. 55 449. 60 641.15 832. 70
BTN AETE K/ (L - d7 ) 71.10 102. 69 134. 18 199. 26 246. 33
ANFPKBE &L /m? 64. 017 191. 760 319. 500 1 037. 460 1 755. 420
VKBRS Vo 0 27.81 55. 61 81.71 107. 80
F< 3 19992018 FEEATE = 6 MY TREERELE
Tab. 3 Health index of six cities at different time points from 1999 to 2018
Gy 1999 2000 2003 2008 2014 2018
M T 0. 213 0. 323 0. 443 0. 215 0. 322 0. 269
DL 0.279 0. 687 0. 532 0. 467 0. 309 0. 381
A 0. 457 0.511 0. 508 0. 479 0. 496 0. 373
fEETH 0. 533 0. 536 0. 604 0. 554 0. 604 0. 566
BT 0. 343 0. 509 0. 467 0. 321 0. 319 0. 374
R BA T 0. 236 0. 742 0. 662 0. 584 0. 373 0. 643
x4 19992018 EEMER 6 METEREIEH
Tab. 4 Development index of six cities at different time points from 1999 to 2018
AN 1999 2000 2003 2008 2014 2018
T 0. 601 0. 596 0.577 0. 635 0.617 0. 705
SETR L A 0. 476 0. 496 0. 554 0. 633 0. 624 0. 680
A 0. 356 0. 440 0. 557 0. 624 0. 667 0.776
i (a 0. 404 0. 458 0. 581 0. 587 0. 649 0.726
VFETT 0. 461 0. 475 0.526 0. 603 0.672 0. 745
AT 0.422 0.421 0. 520 0.597 0.677 0. 744
R 5 1999—2018 FZBFE R 6 T HE BEHEEL
Tab. 5 Coordination index of six cities at different time points from 1999 to 2018
AN 1999 2000 2003 2008 2014 2018
HM T 0. 097 0. 164 0. 592 0. 529 0. 502 0.471
SETR LT 0. 580 0. 631 0. 766 0.692 0. 583 0. 620
o 0.181 0. 306 0. 505 0.612 0.594 0. 568
i (a 0. 164 0.213 0.538 0. 474 0. 594 0.584
VFETT 0.116 0. 309 0. 485 0. 521 0. 527 0. 505
AT 0. 202 0. 477 0. 669 0. 628 0.679 0. 740
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Fig. 3 Map of change chart of urban harmonious development index of six cities from 1999 to 2018
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Assessment on operating effect on the Middle Route of South-to-North Water Diversion Project
considering human-water harmony ; Case of the typical water receiving areas in Henan Province
LI Hongyan"? ,FU Jingbao''* ,CHU Yu'?,ZHAI Penghui'

(1. School of Management Engineering » Henan University of Engineering , Zhengzhou 451191, China; 2. Research Center
of South-to-North Water Diversion and Ecological Environment of Yellow River Basin,Zhengzhou 451191,China)
Abstract: Since the Middle Route of the South-to-North Water Diversion Project began to supply water in 2014, it has trans-
ferred more than 40 billion cubic meters of water and directly benefited 79 million people. However, how to quantitatively evalu-
ate the specific effect of the project and what level the relationship between water resources and economic and social develop-
ment in the water receiving areas is closely concerned by the national water project management department, the people in the
receiving areas. There is need to understood the optimization of water resource allocation and accurate dispatching of the

project.

Water resources were looked at as a key factor affecting economic and social development. The evaluation model of the har-
monious development of water resources and economic society in the water receiving area was constructed based on human-wa-
ter harmony. Six key time nodes in the typical water receiving area in Henan Province such as before the construction of the pro-
ject (1999,2000) ,during the construction period (2003), under construction (2008) and after the water supply of the project
(2014,2018) are selected to conduct a comparative study on the harmony between water resources and economy and society in
the water receiving areas.

The harmony degree of typical water receiving areas in Henan Province can be roughly divided into three stages from the
time dimension, The first stage was before the construction of the project(1999-2003) , the overall degree was below 0. 5, the
value was low but showed an upward trend. The second stage was after the commencement of the project (2003-2008) , the har-
mony degree in some places reached 0. 6,but the overall degree of harmony has not increased significantly. The third stage was
after the water supply of the project (2014-2018), the degree of harmony in each receiving area began to rise again, maximum
degree reached 0. 7. From the spatial dimension, the harmony degree of Nanyang City and Xuchang City, which were closed to
the water source area, basically increased steadily, while that of Zhengzhou City and Pingdingshan City increased and then de-
creased.

In terms of a time dimension, each index showed an inflection point in the year of project commencement 2003. The increase
from 1999 to 2003 is due to the rapid development,and potential economic growth of Henan Province. Health, development,and
coordination have increased steadily. The health degree decreased from 2003 to 2008. On the one hand, due to the rapid economic
development and less attention to environmental protection, the health degree decreased, the total amount of water resources de-
creased, the water production coefficient decreased,and the overall harmony degree also decreased. From the perspective of spa-
tial dimension, the degree of harmony of Zhengzhou, Xinxiang, Jiaozuo and Xuchang increased, but the degree of harmony of
Pingdingshan and Nanyang decreased. The financial crisis in 2007 and drought in different degrees may be the reason behind this
decrease. After 2010, the importance of harmonious development started to develop and began to reduce water pollution and the
total amount of water resources and water production coefficient rebounded. The degree of harmony generally showed fluctuated
upward trend. In 1999, the degree of harmony in most water receiving areas was very low and basically in an inharmonious
state, It has been rising from 1999 to 2003, the harmony degree of Pingdingshan and Nanyang reached 0.5 for the first time.
However, the upward trend in 2008 was not obvious, and there was a slight decline in some regions. It began to rise steadily
from 2008 to 2018. The reason is that the water supply of the Middle Route of South-to-North Water Diversion Project in 2014
has alleviated some problems of serious shortage of water resources to a certain extent, such as the restrictions of water shortage
on economic development and water pollution on the environment. Moreover, the operation of the project has also brought many
opportunities for Henan Province and promoted the vigorous development of the economy, but the degree of harmony between
water resources and economy and society is still low. It is suggested that the available water quantity of South-to-North Water
Diversion Project in Henan Province should be coordinated at the provincial level, the water right trading mechanism should be
established, the management of high water consumption industries should be strengthened,and the utilization efficiency of water
resources should be improved.

Key words: South-to-North Water Diversion Project; human-water harmony; harmony development; harmony evaluation; typical

water receiving area in Henan Province
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