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Study on ecological compensation zoning in the Yellow River Basin based on

ecological product value accounting

WANG Yiqi, HU Rongwei* , ZHEN Wenqing
School of Economics and Management, Chang'An University, Xi'an 710064, China

Abstract: Accurately accounting for the value of ecological products and scientifically constructing ecological compensation
zoning schemes is crucial for promoting the synergistic balance between watershed ecological protection and socio-economic
development, as well as enhancing the overall sustainable development capacity of regions. Based on the valuation of
ecological products in 529 counties of the Yellow River Basin for the years 2002, 2007, 2012, 2017, and 2022, this article
explores the factors influencing the value of ecological products. By considering the economic development, ecological
footprint, and ecological carrying capacity of each county, the study employs the two-stage clustering algorithm ( SOM-K-
means) to delineate the ecological compensation zones in the Yellow River Basin. The study finds: (D There are significant
spatial differences in the influence of natural factors such as average annual precipitation, vegetation normalization index,
and elevation, as well as socio-economic factors such as total population at the end of the year, industrial structure, and
nighttime lighting on the value of ecological products in the Yellow River Basin. Among them, the impact of natural factors
such as annual precipitation and elevation on the ecological product value is closely related to the geographical and climatic
distribution, while socio-economic factors such as population and industrial structure are key to optimizing the supply of

ecological product value through policy interventions in the future, promoting coordinated development between regional
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economy and ecology. @ The ecological product value in the upper, middle, and lower reaches of the Yellow River Basin
has shown an upward trend, with increases in the values of supply, regulation, and cultural services. Among these, the
supply services have seen the largest increase, cultural services have developed rapidly, and regulation services have
contributed the most, demonstrating the significant effects of ecological protection and sustainable development, as well as
regional disparities. (3) The ecological compensation zoning in the Yellow River Basin aligns with the basic ecological
function requirements of the basin. The payment zones are mainly concentrated in the economically developed lower reaches
and some middle reaches, the balancing zones are located in regions with relatively balanced economic development and
ecological protection needs, and the receiving zones are found in the economically underdeveloped upper reaches and the
ecologically fragile areas in the middle reaches. This study can promote the precision and differentiation of ecological
compensation, optimize resource allocation, improve the efficiency of ecological compensation, and drive the continuous

improvement of the ecological environment in the Yellow River Basin.
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Table 1 Results of OLS regression analysis

s ES 4 brifiR t{H P I3 2N T

Variable Coefficient Standard error t value VIF

FHE Intercept 191.3272 36.29398 5.27 0.000 ***

FEHREIK Average annual precipitation 0.236988 0.038748 6.12 0.000 *** 1.93
HAH

AL . 0.727583 0.172859 4.21 0.000 *** 1.50

Total population at the end of the year

7V 4544 Industrial structure -69.3469 33.20776 -2.09 0.037** 1.09

A — A5 %4

-232.824 52.55837 -4.43 .000 """ 2.38
Normalized difference vegetation index 0.000
P BT YEHR Nighttime lighting data -1.0369 0.464544 -2.23 0.026** 1.93
=y i) Digital elevation model 0.035892 0.009755 3.68 0.000 *** 2.02

VIF . J5 22k N F Variance inflation factor; %% %% % 533 /RTE 0.01,0.05.,0.1 B7KF I 03

%2 OLS 5 GWR #HE3LL
Table 2 Comparison of OLS and GWR models

e AlCe {8 @ WS R
Model AlCc value Adjusted R?
/N OLS 1430.986 0.148 0.139
HEE AL EH GWR 1221.151 0.572 0.505

AlCc: & 1E 1% 7% i {5 B & #E M| Akaike information criterion corrected; OLS: # /N . 3[€ 7% Ordinary least squares; GWR . 3 B Jjit A [7] 15

Geographically weighted regression
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Fig.1 GWR spatial regression coefficients of individual factors influencing the value of ecological products in the Yellow River Basin
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Table 3 Temporal evolution characteristics of ecological product value in the Yellow River Basin

.Y _
Priﬂngffiéjervices gfffajz services 2002 % 2007 % 2012 4 2017 % 2022 %
HE25 MRS LY/ o 5454.42 8524.05 14125.13 17849.03 24974.61
Supply services BELE RSSO L 10.59 14.22 19.99 20.62 25.36
el & iR 9421.43 11980.82 10633.82 12483.21 9373.11
Regulatory services VISUREE 768.25 896.60 985.58 993.13 984.16
BRI E 1364.95 1451.98 1484.43 1489.90 1543.15
2K GHE 560.91 561.46 561.40 558.97 557.67
KA 24.66 30.19 31.73 31.85 34.13
ik [ 2 2774.70 2928.20 3577.85 3433.85 3763.50
AR 1681.63 1774.65 2168.41 2081.13 2279.26
AAGEE T 28638.41 29270.22 29906.13 30397.02 30516.31
VA RS B 45234.94 48894.10 49349.35 51469.06 49051.30
RS L 87.82 81.55 69.85 59.46 49.81
AR 55 HEAFON 818.72 2535.81 7176.72 17239.18 24452.43
Cultural services ARG & L 1.59 4.23 10.16 19.92 24.83
LB i ELAE 51508.08 59953.96 70651.20 86557.27 98478.40

Gross value of ecological products

BRAEL NS5 o Lo TR S5 i LR SCAR S5 o LR B S % 8, oS B 3 A2 o8
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Fig.2 Spatial evolution characteristics of ecological product value in the Yellow River Basin
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Fig.3 Ecological compensation zones in the Yellow River Basin from 2002 to 2022
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