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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.

Key Words: ecological product value; ecological footprint; ecological compensation zoning; Yellow River Basin
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Table 1 Results of OLS regression analysis

At ES 4 brifiis tfl P J5 2N A T

Variable Coefficient Standard error t value VIF

HHE Intercept 191.3272 36.29398 5.27 0.000 ***

AEHREIK Average annual precipitation 0.236988 0.038748 6.12 0.000 *** 1.93
MAH .

QE;E A . 0.727583 0.172859 4.21 0.000 *** 1.50

Total population at the end of the year

PNV 45 Industrial structure -69.3469 33.20776 -2.09 0.037 ** 1.09

et 17 A Ok

)FH%EU]. ﬂﬂ:ﬂé& L -232.824 52.55837 -4.43 0.000 *** 2.38

Normalized difference vegetation index

AT Y63 Nighttime lighting data -1.0369 0.464544 -2.23 0.026 ** 1.93

R Digital elevation model 0.035892 0.009755 3.68 0.000 *** 2.02

OLS: fr/N "33 Ordinary least squares; VIF ; J5 Z KK T Variance inflation factor; # %% %% % 2} F7R7E 0.01 ,0.05.0.1 AY/KF b8 2%

2 OLS 5 GWR & $tt
Table 2 Comparison of OLS and GWR models

A AlCc {H 2 PRI R
Model AlCc value Adjusted R?
/N OLS 1430.986 0.148 0.139
HBMALEH GWR 1221.151 0.572 0.505

AlCc . B IE 7R M5 B 57 Akaike information criterion conected;GWR;f@Iﬂﬁﬂ*ﬂ@ 5| 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 —_
Priﬂn%fiéjervices ;fr?fai services 2002 % 2007 4 2012 4 2017 % 2022 4
HELA RS LY/ el ldvin 5454.42 8524.05 14125.13 17849.03 24974.61
Supply services PELERSS 5 L/ % 10.59 14.22 19.99 20.62 25.36
W R 55 HIELRFE/ AT 9421.43 11980.82 10633.82 12483.21 9373.11
Regulatory services KISR0 TT 768.25 896.60 985.58 993.13 984.16
HKIRE /10Tt 1364.95 1451.98 1484.43 1489.90 1543.15
SN Ly 560.91 561.46 561.40 558.97 557.67
VINIRE ALy 24.66 30.19 31.73 31.85 34.13
W 1 5 /42,76 2774.70 2928.20 3577.85 3433.85 3763.50
AR/ 15T 1681.63 1774.65 2168.41 2081.13 2279.26
AP /1278 28638.41 29270.22 29906.13 30397.02 30516.31
P IRSS S/ 12T 45234.94 48894.10 49349.35 51469.06 49051.30
RS 5 H % 87.82 81.55 69.85 59.46 49.81
AR 55 BT/ AT 818.72 2535.81 7176.72 17239.18 24452.43
Cultural services ARG & L% 1.59 4.23 10.16 19.92 24.83
BT R ERME AL 51508.08 59953.96 70651.20 86557.27 98478.40

Gross value of ecological products
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Fig.2 Spatial evolution characteristics of ecological product value in the Yellow River Basin

http ; //www.ecologica.cn



114 TR AR TR AT A (RS Y B T AR A A X 5347

22 B U5 ELWEAT N ZE0E B0 (1) 5 e A7 A8 B R 1 XA 22 57 R AR R it i R R R s T Ak T
AT Y B 2 Al 7K STt 1 (B X A 2572 (i 1K

454 GWR 25 SR A, BT e ) 2R 287 S (B de s, JR 7 2012 4R )5 g 3T, FEM 4 TiX
XK SRR N E D AR B A DL R A A ORI R Bt () 7% 55, AR AR IR K AR RE RN AR AR
AR AR AR BT, Blan, Ak B b ¥ 4 = R R AGE B ML A A S A 2002
AR 251.02 2T & 2022 4F 11 316.89 1470, X & T F 8 MR E FER AR S T AE S DI6E, B 2 3F TR
TGS LR, BB H iR B R &I R AGE B R IR RS R R, A
s M EFERF S I N T 10.26% , 3% 2T 24 MBSO 8 i V5 SE 4 S R 15t , A st m TAES R GRS Ik,
AR A BT

BT i A A M DX R 2 S W AR R I SRS B I AR AR e K ST R i
FERK, T BRI A T A S 1 G S J XA A 25 77 S (B2 B K i =k 2540 45 SRAE ST R 1
SR B 5 7 R [R] RIS Bl PREE A 7 BEAR W I, & AR R B U AR 1) T RRLL R JEAK R AR A
PR ELSERE S TE o AN 35 R S P 2 B T Ak T | ELAT BOR AR ORI DX 5 AR i 1) S
PB4 25 R G AR e MR AR 257 S (B 1, 2022 AR A AR S 7 B (B 703.83 420G, 17 Zeirs B T K A7 1L
ek, b A R Ry bt A b 2022 4 P A28 S EAUA 207.20 42T, 33X 2 BT AT s oh A= 30
BRSO, A S IR S5 DI Re sz BIEI 55 , A= 387 S E AR

BT AT U 0 A S A O (S 3 I, (EL M TG, R R T X T & X R A T & X 4
Z WIHRGUE K B, Tl A FIIR T fb 1 AR50 5, P 75 Y AR AR IR m) A ™ i 30 4 i P35 DR 9P 15 i 1)
&SR S A ST S E AR BT BN, 22 BH B b33 K R &k, Aol Fbolk %60 3 & |, 2002
AT A ESCAE 35.46 12T A FHARAKT- 3 2 th Tzt R E R e D, e 38 FH ™ sk X A S A b
AR TT AT SR EAR TR, T3k BH DXAR L3518, B8R 6T, A 287 I BN 2002 4E 119 36.64 1203 K
% 2022 419 196.83 1270, Bk A 437.20% , X & Tz b T E Lk @M BB R | AR AE IR (R Akt
T TS S 2 R, AR A S (AT R T
3.3 E AR M ST X

FETFHOANA I A BB 0 R KT AR R (25 | A A R 0 R AR AR 38 U 2 dE A, 1 B
MATLAB R2022a 2 T HAH >R FH SOM-K-means F7E ST RST8] i 3 A A AMEERI 43 S A X SF-
X FIERAMX (] 3)

20024 20074 20124

20174E 20224

0 300 km
[E—

TR A SR A X
X

P IX
A X

B3 2002—2022 £HARBESIMES X

Fig.3 Ecological compensation zones in the Yellow River Basin from 2002 to 2022
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