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Abstract

Zhengzhou is a severely water-scarce city, making a comprehensive assessment of its water resources
status imperative. This study employs the three-dimensional water ecological footprint model to in-
vestigate relevant indicators including the water ecological footprint and water ecological carrying
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capacity of Zhengzhou City during the period 2016~2024. Combined with the Tapio decoupling
model, it analyzes the relationship between water resources and economic development. The re-
sults indicate that: 1) Throughout the study period, the water quantity ecological footprint of the
city remained stable, while the water quality ecological footprint showed an overall upward trend;
the water resources ecological carrying capacity and water quality ecological carrying capacity ex-
hibited a basically consistent variation trend, increasing slightly with fluctuations. 2) An analysis of
the city’s stock-flow utilization ratio reveals that all years under study were in an extremely unsus-
tainable state, except for 2021, which was classified as moderately unsustainable. 3) Based on the
established Tapio decoupling model, the relationship between water resources and economic de-
velopment in the city tends to move towards a strong decoupling state, indicating an improvement
in water use efficiency and a gradual enhancement in the coordination between water resources
conditions and economic development.
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Table 1. Classification of stock-flow utilization ratio levels

1. FEREMALFRYY

=R £ HUH G LIRS

I <0.5 FHX R HEEE
i} 0.5~1.0 LD CIERToY

< 1) 1.0~2.0 BRI L
v 2.0~4.0 AN A RS
\Y 4.0~6.0 e AN T RR R
VI >6.0 Wi AN W] 4L

3.2. Tapio R $94&8Y

Tapio AR EPEAT 2205 K RIS 1R ) 2 1R 0 08 3R B R I s A A% 32 F T VP K B R
HE&FHEKZ AR R AT Tapio st A, XA T 251 & 5 /K SR A 2 18] BB &
AT 1] THE A
AEF, (EF,—EF;")/EF.
AG  (G'-G7) /G

o= ©)
R, o NRHHEEG AEF, Sk RIS LB AG NAWEILE: EF . EF- BN (A
8- VERDKEBES R, hm® G GO BINE R — 1 RIOGWE, TiTt. B R T HRAES
FIERHO 8 FRAIRAS, BRI 2.

Table 2. Eight decoupling states
7= 2. 8 MRS

WL EIARAS AEF, AG e TAF =L

R it il 1E (—c0, 0) HARA
%z 55 15044 iE iE [0, 0.8) B PRARCIRAS
TEIR il il (1.2, +o0) Al VRIRAS

S iE i (—e0, 0) BAEARES

7 i 2 55 47 4 il il [0, 0.8) ANATHURZS
1 SNk iE iE (1.2, +0) ANATHURZS
o ¥rokiksh 1E 1E [0.8,1.2] AHBURZS
FIRES, il il [0.8,1.2] A RIRES

DOI: 10.12677/hjce.2026.153070 229 T AT


https://doi.org/10.12677/hjce.2026.153070

Babi G P e

4. BRI

IR Q) 2016~2024 FFEABIM T Tk Rl AFAESHERKEAESLERE, WE 1 iR,
ZTAETE KA SR G R, AR 36% A4, K AES RTINS LTSS, 2021 Sk FIE(E
0.014 12 hm?. B FE /KGR TAZ N B ARV 7K-F 8 v, KM T R P A 1% K A 1 380 1 AR O e
o T H/KAERS RIFER I R, M 2016 41 0.009 12 hm? FR#Z 2024 411 0.004 12 hm?, &
TRZIA 56%, FMTTENRFTKAT SN SEMiTT 5, X EFE AR Al ks, 4T Peid ) K Bl 17 7™
AR, ERbEE S KB HAKABEER, fEm KRR, ORI A KE. RIH
KA RIBFEA G E, ZEMKESBETBELN 0.007 12 hm?, KM THLER N 5= [ei% 01Tt
MENL T, ABUEE B BARETBAE AR EIRR %, AHKE . R KRS A
Z5 ETE, 2016 41 0.004 12 hm? #2024 £E(1] 0.011 12 hm?, 3EHEEIE 175%, ZAE L) 5 A
TR BRI 25%. A5, FREMSEH/KEL 54 E S HKER 1/6~1/5, AMTHRAESHEH
KECEIARE 2 E NP K, EREKTE S SCEA PR A= 251 55 07 T AR 2 .

KL 2
Tl KA A
] AT K A S
0.016 e K 2
0.014 ] ]
0.012 i o —

0.010 [ M — ]

0.008 B

0.006 -

R KA S R (IChm?)

0.004 — ]

0.002

0.000 " " . . . " . " "
2016 2017 2018 2019 2020 2021 2022 2023 2024

FA

Figure 1. Trends of water ecological footprint for each water resource account in Zhengzhou during 2016~2024
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Figure 2. Trends of water quality ecological footprint in Zhengzhou during 2017~2023
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Figure 3. Trends of water ecological carrying capacity in Zhengzhou during 2016~2024
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Figure 4. Decoupling status in Zhengzhou during 2017~2024
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