Vol. 21 No. 6
Dec. 2023

F2148 5 o6 1
2023 4E 12 H

Dk, EER, EHE, 55 mKAL TR b & TR RS2 K T T K A 3 R GRS M (A L. R K LI Sk AR (a0,
2023,21(6): 1204-1212. MA S J, WANG F Q, WANG X Y, et al. Evaluation of groundwater ecosystem service value in Henan Province
under the Middle Route of South-to-North Water Transfers Project[J]. South-to-North Water Transfers and Water Science & Technology,
2023,21(6): 1204-1212. (in Chinese)

P 7K b 5 KRB B Cor e 30)
South-to-North Water Transfers and Water Science & Technology

/KL AR L TIE N mE /KM T K
i&%%%%mﬁﬁﬁ
LA

(1. N5 BIG XK FIRMEBTFERE, FEFTSEE 010052; 2. A4tk Rk o R F K SR 22 B2, FH 4500465
3. T RIKF A BB ST S B A FR S ], 4R )1 750003)

L' g% 1E

T S IR K AR P 2 TR T g 48 327K 0T S BRI Y X35k, 255532 AT AN (B |« B AR R i A A O R
XK AL TR P 2R T AR RS 4 52 K 3T 2008—2019 4E# R /K A S R GRS M AT ITAL . 5 R F . WA
L1 A2 KT, MR 7K AR 28 R G0 IR 55 A0 1B o o DB M T, A8 AR S AR R L T L SR T R B i, A
R ZU R B BETI . AN TIT 2019 SR T K AR RGEMRSS AR 213.17 4458, Horb, P15 IR S5 (B, SCReR
5 MALLE IS IR 2, #E2 IS5 (IR AIG; 7245 F8 AR K IR TR IR H8 AR i BB Lo ) 55 =7, 903 . T 390 A A I
Z, FHA BB e AR i /o TR 48 32 KR 2008—2019 F B4R T B A R G M5 HirfE°4 1 030.37 14T, 224k
RS TG LT, BT S R A 2013 47, JR R M T KR . B KL IR i 4 TR B et T /K | AEAR R AL K
AR FFAERE R I T MR K R . ST S R AT R KGR 4 TR S K IR A S IR B AR VT B T K AR A
USRI

KEIR: FKACT P2 TR KRG 2B REMS M ETTAS; R A Z KR

RESES . TV2134  XEAREM: A DOI: 10.13476/j.cnki.nsbdqk.2023.0119

o RKAER RGNS T K STy, IRF I AR RHIE . BT LR TR,
KT SRR RS IR SS, S bR AR AR R MU T K AR S R G AR M35 A A BRI fek BR D7 i T S 14
GoV- Ay SR, AR Z EAHAI MR R H R,

20 AR SO, & it B oK BT R A, 51k
—RIVESHEERE, BifC A2 H X T
KA S R GRS T JRAH W5, I XA (AT
fii o Yang S5 A=) PHFAED LIRE K AL th 232K
Sl T TR SR 7 g 49, S TAE T3 R K B AR S R L
ﬁﬂlli/%,ﬁXTi&T?ki*%ébﬂﬁ%Fﬁiﬂ’J 2 G e

AT RN . BKHEIA Y BT TARAE B RGEIT
X 25 RGN S5 W9 50 2058k, R E R AL J7
PN KT T K AR S R GRS E, JF i
K AL 2 TR KRR R EE TR K AR SRS

iE BHA: 2023-09-20  f&E HHA: 2023-11-25

KA RIS, T /K B8 P B2 IR i it R K AL
SRR B, R T AR R KB I T S, R K BT
R AR Ry L 28 P R R ) XK 22 4 | MR A
ZURAL S RS R T m KA R TR R
2 fipp e [l B 9 Vi IR W ™ R L AR K
BEUR I TR S MR B . 2014 4EREAKIL I
2 TR K LI, 2K T BEKOK RS 1 e A 3%
ARAE, B K AL IR K IE 32 A5 B AR MK R, R 7K 58
TR 2 0™ B A K L Hh 2R TR S K
B AT AR 7K R AR AR A, At DX T

[ £& HH R 18] : 2023-12-04
4% tH Rtk - https://link.cnki.net/urlid/13.1430.TV.20231130.1654.008

BEEWA: HEKARREIE AT H (51879106) ; H ERHE A1# 45142 A A X150 H (214200510001 ) 5 17 5 24 = BB A1 1 BA S 4733 3 H
(20IRTSTHNO10) ; KM T ARl EAF 58 R 5 (T A) W H (2020RKXF0090)
TEEET: DR (1996—), 20, NS EEMIRA, FEEMNFIORSCF BOKFEFES . E-mail:1131990665@qq.com

BEEE LW

wangfuqiang@ncwu.edu.cn

* 1204 £ A 5xm %

WO1979—), B, MM F R A, B, WL AESW, FENFRCE, KRESHREESFHR . Email


https://doi.org/10.13476/j.cnki.nsbdqk.2023.0119
mailto:1131990665@qq.com
mailto:wangfuqiang@ncwu.edu.cn

LwaE, % BALAFPAIRTEEZARTHTRES RARESNEF4

IREFEIR AU H 43 B3, 1T R A8 A2 7K IR T Hb T 7K
BRGNS AW T HRKET . AL
AKACIE 2 TR B 44 32 7K 3 i o X I, 25
AT R 48 2 KT R i, A8 VAT e 2 A2 /K 3R T L K
BRGNS MAEVEA AR R, B 8 & 8 br i PEA T
e, X R A A% K kT 2008—2019 4E H R K A4 2
RGNS WA AT VAL AT, ol ek dL
P TR X K AE A RGBT E R o™= 4k
P A SRR AR

1 FARXH#ER

AR /K A8 Hr 28 TR R 4 2 K s g X
W, R MRS, AR 16.7 J7 km’, Z4EF
PIRE K & 768.5 mm, 24124 1b R K BT R 5 289.3
¢ m’, ZAEF-E R KR 189.45 42 m’, Z4FF
Bk R SR 389.08 12 m’, F/KIL IR TRt
R 11 g ok, Horb, S LAEE 54
CZPH . SEME IR, B2 | BEE), B IR A 6 4
(VFE BN R0 O, B FTD . FEakdt
P PR TR b R K AR 2 R G0 R e 3 2 i PR
il FF R b KRN B 4 R M R K, DA T A8 R i
TFOKAE T B R K R VA T SRRSO Hb TR
W RN, {8 4 KA A 1]

2 HWTKESRGRSERERGE

21 WTFRAESZGERS £

T KA S R GRS FE X HE R N R AEAF IR M
R EA ik T AKAESRESAES TR
PP . B N AEAFRAAEIERE 0, i
Y15 25 R A A i LA AP O BRBE A5 Y. A R K
YAEBRREMMS LR L, W KESRE 50 R
= RIEA, BN A AR ML T KA S R G R K
i LRI AR S RS MR K e AR S R SN
Z BT ARG BT RGN SS 102 T7
%, B T KA R GRS Mo mitssy . T SR
FE2s 4 AN RS R E M IRAEAEHL R K
AR RGNS IR AN B
2.2 FRAFRAME

Fa A B FE R R R MERR DA M T KA S R
GRS (B A FE Al o 35 B G E S VAN R K A
BRGP KR EIRAES | M KO T A BB
B85 54 K BEA LRI E B 5 DLt h s iy
BRGNS IE, 456 r KL 2 TR A
ZAKIR T SE PR L, 52 M0 5 SR, s UL 4G IR
% T IRSS L HEIR S 4RSS 4 AT 9
FEPRM IR PR R R A RS KA & TR R
ZIKIE TS RGNS H, TR R WA 1.

R KAES RS MR R R
Beef kg5 A W RS B RS C 455 D
i} ¥
4 /i3 T Vi i 5] il Bt
i N4 N4 1k | I i 3 T
it fit fit 7K e K if]} % #
7K K K J5 B, i It i i)
4, 4, A B B, 43 i} D,
G

B MTKESRGERSMETEIERER

Fig. 1 Groundwater ecosystem service value evaluation index system
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Fig. 3 Service value of groundwater ecosystem in ten water-receiving cities in Henan Province from 2008 to 2019
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Tab. 3 Service value of groundwater ecosystem in the receiving area of Henan Province for the Middle Route of South-to-North Water Transfers Project
from 2008 to 2019
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ok 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
HEAMS A 22719 24227 24480 24891  253.68 24458 23266 23621  231.68  239.86 25420  260.31
WIRSSB 46591  461.59  487.61 478.02  419.13  357.09 431.68  429.98  554.02  569.10 59844  517.13
SCREIRSSC 29574 29298 309.48 30338 26586 22641 27397 27393 35420  364.88 38423 33231
#h2k%S5D 0.07 0.07 0.07 0.10 0.10 0.10 0.08 0.09 0.09 0.08 0.07 0.06
p=Say 988.91 99690 104197 103041  938.77 82819 93839 94021  1139.99 117393  1236.94  1109.81
0 s - s w0 A0 53 95 K A SR 5 1 A5 A
1200 — IS - B — 035 TEARBATT SR AR 2, W TR K PN B K R & K
gwwww”“ 3 gig BATH B AR . SRR 55 60435 191 B b 10 99 o A 42
s Ol o= HIREETE, vﬁ%miﬂmiﬁ%w&%mﬁw
8 ool— ) gﬁﬁ TAKEZEETEMIEKR, HIRS MEED,
200 L 0:057; PR A (B HE DL &4k, %I‘/F)&ﬁmﬂ:@jﬁ?frﬁﬁﬁ 5
Nianaalannnniip .
ST FHF 4 0, T 46 32 KSR 2008—2019 4 4y
E42msmw$@ﬁ£ﬁ%ﬂﬁﬁ%%ﬁﬁﬂ? AL S RGNS (7 SR LS50 TR
K S AR S A B TE, F P AR 2013 4E . 2013 4EFT R R

Fig. 4 Service value of groundwater ecosystem in the receiving area of
Henan Province for the Middle Route of South-to-North Water
Transfers Project from 2008 to 2019
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Tab. 4 Direct and indirect use value of receiving area of the Middle Route of South-to-North Water Transfers Project in

Henan Province from 2008 to 2019 $fﬁ: /fZJTZ
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Fig. 5 The changing process of groundwater ecosystem service use

value in receiving area of Henan Province from 2008 to 2019
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Evaluation of groundwater ecosystem service value in Henan Province
under the Middle Route of South-to-North Water Transfers Project

MA Shangyu', WANG Fuqiang’, WANG Xueyan’, MA Xin'
(1. Inner Mongolia Water Conservancy Research Institute, Hohhot 010052, China; 2. College of Water Resources, North China University of Water
Resources and Electric Power, Zhengzhou 450046, China; 3. Ningxia Water Resources and Hydropower Survey, Design and Research Institute Co.,
Ltd, Yinchuan 750003, China )

Abstract: As a national major strategic foundation project, the Middle Route of South-to-North Water Transfers
Project not only plays a significant social and economic benefits, but also plays a huge ecological and environmental
benefits. Although the economic and social benefits of the Middle Route of South-to-North Water Transfers Project
are obvious, there is still a lack of systematic understanding and objective and accurate quantitative evaluation of its
ecological and environmental benefits and its added value. Since the Middle Route of South-to-North Water
Transfers Project was opened, the water source structure of the water-receieving cities has changed significantly, the
exploitation of groundwater resources has decreased significantly, and the groundwater level has risen, which has
significantly changed the ecosystem services of groundwater. In this context, it is of great significance to accurately
and quantitatively assess the change of groundwater ecosystem service value in the water-receiving area before and
after the Middle Route of South-to-North Water Transfers Project and to correctly understand the ecological and
environmental benefits brought by the project and promote the rational and scientific utilization of the water
resources of the project.The service value of groundwater ecosystem refers to the value that groundwater ecosystem
provides material, energy and service to human society through various ways. According to the role of ecosystem in
human survival and social and economic development, the value of ecosystem services is divided into four
categories: product supply, support, regulation and cultural services. At home and abroad, the quantitative
evaluation of ecosystem services mainly adopts three methods, namely, the quality evaluation method, the value
evaluation method and the energy evaluation method. Based on the characteristics of the Middle Route of South-to-
North Water Transfers Project and the water-receiving cities, the value assessment methods, including market value
method, alternative cost method and mining loss method are adopted.The water-receiving cities in Henan Province
under the Middle Route of South-to-North Water Transfers Project were selected as the typical research area, and
the market value method, alternative engineering method and equivalent substitution method were used to evaluate
the groundwater ecosystem service value of the cities in Henan Province from 2008 to 2019.The results showed that:
(1) Among the 11 water-receiving cities in Henan Province, the highest value of groundwater ecosystem service was
found in Zhengzhou City, the most stable changes were found in Pingdingshan City, Luohe City and Xuchang City,
and the most drastic changes were found in Hebi City. (2) In 2019, the value of groundwater ecosystem services in
Zhengzhou was 21.317 billion yuan, with the highest value of regulation services, followed by support services and
supply services, and the lowest social services. Water conservation index accounted for the highest proportion of
total value, followed by prevention of land subsidence index, and scientific research and education index accounted
for the smallest proportion. (3) The annual average ecosystem service value of water-receiving cities in Henan
Province from 2008 to 2019 was 103.037 billion yuan, and the change trend was first decreasing and then
increasing. The turning point appeared in 2013, due to the increase of groundwater resources by underground water
pressure extraction, groundwater replacement by the Middle Route of South-to-North Water Transfers Project,
afforestation and soil and water conservation measures. The research results can provide a reference for the
evaluation of eco-environmental benefits and groundwater protection of the Middle Route of South-to-North Water

Transfers Project.

Key words: Middle Route of South-to-North Water Transfers Project; groundwater system; ecosystem service value

assessment; water-receiving cities in Henan Province
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