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ABSTRACT: This study develops a dual-dimensional framework integrating development capacity and
ecological function importance to assess ecological product value realization suitability across 76 cities in
the Yellow River Basin. Using multi-source data and the CRITIC weighting method, we identified four
suitability zones: suitable (25.02%), marginally suitable (6.11%), marginally unsuitable (38.59%), and
unsuitable (30.28%). The basin generated an estimated USD 2.15 billion in ecological product value in
2020. We propose differentiated pathways, including ecologically safeguarded green industrial
transformation in suitable zones, ecological restoration in marginally suitable zones, protection-oriented
management in marginally unsuitable zones, and compensation mechanisms in unsuitable zones. Here,
‘suitable’ denotes conditional opportunity for low-impact value-realization instruments under ecological
safeguards, not permission for unconstrained development. The framework links ecological-product
accounting with spatial planning while acknowledging that social, cultural, and governance dimensions
require complementary assessment.

Keywords: Ecological products; Value realization; Suitability evaluation; Green transformation; Yellow
River Basin

1. Introduction

Ecosystem services provide annual benefits worth approximately USD 125 trillion per year globally
(2011 USD) [1], yet many ecological values remain unrealized because ecological resources and
development capacity are distributed unevenly [2]. This challenge has intensified amid climate change and
post-pandemic recovery needs, making the translation of ecological values into economic and social
benefits important for sustainable development [3—6]. The challenge is particularly acute in rapidly
developing regions where ecological providers remain economically disadvantaged while resource
consumers capture a larger share of benefits. The Yellow River Basin supports approximately 420 million
people and contributes about 23% of China’s GDP, while facing ecological degradation and a reported 13%
decline in water resources since 2000 [7—-10]. Despite generating approximately USD 2.1 billion in annual
ecological-product value, regions with high ecological-function importance remain economically
underdeveloped, while intensive industrial areas depend on ecological resources supplied across space [11—
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13]. This spatial mismatch can threaten ecological security and social stability. It should not be treated as
an inevitable development-versus-conservation divide; ecological civilization instead requires coordinated
protection, resource-efficient economic activity, social well-being, cultural continuity, and institutional
governance [14].

Existing valuation studies apply broadly comparable methods across diverse landscapes, although
ecological-product realization capacity varies by geographic location [15—17]. Policy research examines
mechanisms such as payments for ecosystem services and ecological compensation, but often gives less
attention to spatial differences in implementation capacity [18—20]. International experience indicates that
successful value realization requires location-specific strategies. Costa Rica’s Payment for Ecosystem
Services program and spatially differentiated agri-environment measures in the European Union provide
examples of policy instruments adapted to heterogeneous landscapes. However, no single framework can
identify optimal zones and pathways across all large temperate river basins [21-23]. This gap has led to
costly failures: China’s USD 70 billion Grain-for-Green program achieved mixed results due to inadequate
spatial targeting, while globally, an estimated 40% of conservation finance fails to meet objectives because
of similar spatial-heterogeneity challenges [14,24,25]. Chinese cases include land ecological consolidation
and value realization in a Yangtze riverside industrial park [20] and zoning of ecological-product realization
models in the Shibing karst area [26]. Internationally, landscape management in south-east Australia
integrates changing ecosystem goods and services into planning [27], while a spatial-planning study in
Tiirkiye links economically valuable provisioning services to differentiated land-use decisions [28]. These
studies demonstrate why methods cannot be transferred mechanically to the Yellow River Basin, with its
water constraints, ecological headwaters, upstream-downstream benefit flows, and major fossil-energy and
industrial base.

This study addresses the gap through a problem-oriented application of multi-criteria decision analysis
(MCDA). Conventional MCDA commonly aggregates normalized criteria into one score; that operation
can conceal whether a location scores highly because of development capacity, ecological importance, or
compensation between them [29,30]. Our framework keeps development capacity and ecological function
importance as separate dimensions, making their spatial tension visible before linking each combination to
a bounded policy pathway. This does not eliminate normative judgment: indicator selection, thresholds,
and pathway design still require ecological safeguards and local participation. The contribution is therefore
a transparent two-dimensional diagnostic for 76 cities, not a universal optimization rule. CRITIC supplies
reproducible statistical weights, while its limits as a non-participatory weighting method are addressed in
Sections 2.4.4 and 4.2.

Applied to 76 cities across the Yellow River Basin using multi-source data (remote sensing, land use,
and socioeconomic indicators), our framework identifies four distinct suitability zones and proposes
spatially differentiated realization pathways tailored to each zone’s characteristics. This approach links
ecological-product valuation to spatial planning and provides a method that may be tested in other regions
facing development-conservation trade-offs.

2. Materials and Methods
2.1. Analytical Framework

Ecological-product value realization is an operational component of ecological civilization aimed at
improving ecological functions and quality of life while establishing a positive relationship between
environmental protection and economic development. Ecosystem-service classifications organize
biophysical and cultural benefits for accounting purposes, whereas ecological civilization has a broader
governance objective that encompasses environmental integrity, resource-efficient economic activity,
social well-being, cultural values, and political-institutional arrangements [14]. Natural conditions include
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terrain, geographic position, biodiversity, and conservation areas [31], while ecological-product accounting
groups supply, regulating, and cultural products [32]. In this study, the basin-wide strategic objective is
ecological protection combined with high-quality development, but pathways and safeguards are location
specific. The measured development-capacity dimension is narrower than comprehensive social
development because it primarily uses topography, accessibility, per-capita GDP, industrial structure, and
supply/cultural-product values. Education, health, equity, cultural attachment, participation, and
governance quality are not measured and are treated as limitations.

As shown in Figure 1, the suitability framework retains two measured dimensions: development
capacity and ecological-function importance. Development capacity reflects a region’s ability to support
ecological-product initiatives based on natural and economic conditions, including topography,
accessibility, economic structure, supply products, and cultural products. Ecological-function importance
reflects the irreplaceability of regional functions such as climate regulation, energy conservation, biological
activity, vegetation condition, and protected areas; regions with greater ecological-function importance
require stricter protection [33,34]. Together, these dimensions form the basis for evaluating ecological-
product value-realization suitability [35]. A high development-capacity score does not authorize
development, and a lower measured ecological importance does not imply ecological dispensability. All
zones remain subject to ecological baselines, while higher ecological importance strengthens the priority
for protection, restoration, and compensation.

Based on the two-dimensional matrix, regions are classified as suitable, marginally suitable, marginally
unsuitable, or unsuitable [36]. Suitable zones have higher development capacity and lower relative
ecological-function importance and may test ecologically safeguarded green-industry, certification, and
service mechanisms [37]. Marginally suitable zones combine restoration with tightly bounded livelihood
opportunities. Marginally unsuitable zones prioritize ecological protection and minimal-impact activities.
Unsuitable zones focus on maintaining natural environments and strengthening ecological-compensation
mechanisms [38]. By linking the four categories to differentiated pathways, the framework seeks to improve
the realization of supply, regulating, and cultural-product values while supporting a positive protection-
development feedback loop [39]. These labels describe conditional feasibility for ecological-product
instruments; they are not general land-development permissions.
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Figure 1. Evaluation Framework for the Suitability of Ecological Product Value Realization.
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2.2. Research Area

The Yellow River Basin (95°53'-119°05' E, 32°10'—41°50" N) spans nine provinces in eastern, central,
and western China [33], covering approximately 795,000 km? with a main-stem length of 5464 km [34].
The basin has diverse natural conditions, including a mean annual precipitation of approximately 466 mm,
a three-level descending terrain pattern, and ecological zones such as the Sanjiangyuan grasslands and
Qilian Mountains [37]. It is also a major coal, petroleum, natural-gas, and industrial base [40], with a
reported 2020 GDP of USD 142.1 billion and an urbanization rate of 56.16%. These fossil resources are
geological material stocks rather than ecosystem services; their extraction and use create economic capacity
as well as environmental pressure. Renewable biological production, water provision, and regulating
functions are treated separately as ecological products. The coexistence of ecological fragility, water
constraints, uneven regional development, and energy-intensive industry makes the basin a critical setting
for ecological-civilization governance.

Figure 2 shows the location and spatial extent of the Yellow River Basin research area.
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Figure 2. Overview Map of the Research Area.

2.3. Data Sources

The Yellow River flows through 9 provinces and regions, including Qinghai, Sichuan, Gansu, Ningxia,
Inner Mongolia, Shaanxi, Shanxi, Henan, and Shandong. According to administrative divisions, all 76 cities
in these nine provinces (regions) are selected as research objects, as shown in Table 1.

Table 1. Cities in the Yellow River Basin.

City Name
Aba Tibetan and Qiang Autonomous Prefecture, Alxa League, Ankang City, Anyang City, Bayannur City, Baiyin City, Baotou
City, Baoji City, Binzhou City, Datong City, Dezhou City, Dingxi City, Dongying City, Ordos City, Gannan Tibetan
Autonomous Prefecture, Garze Tibetan Autonomous Prefecture, Guyuan City, Guoluo Tibetan Autonomous Prefecture, Haibei
Tibetan Autonomous Prefecture, Haidong City, Hainan Tibetan Autonomous Prefecture, Haixi Mongolian and Tibetan
Autonomous Prefecture, Hanzhong City, Heze City, Hebi City, Hohhot City, Huangnan Tibetan Autonomous Prefecture, Jinan
City, Jiyuan City, Jiaozuo City, Jincheng City, Jinzhong City, Kaifeng City, Lanzhou City, Liaocheng City, Linfen City,
Linxia Hui Autonomous Prefecture, Linyi City, Longnan City, Luoyang City, Lvliang City, Nanyang City, Pingdingshan City,
Pingliang City, Puyang City, Qingyang City, Sanmenxia City, Shangluo City, Shizuishan City, Shuozhou City, Taiyuan City,
Taian City, Tianshui City, Tongchuan City, Weinan City, Wuhai City, Ulanqab City, Wuzhong City, Wuwei City, Xi’an City,
Xining City, Xianyang City, Xinzhou City, Xinxiang City, Yan’an City, Yangquan City, Yinchuan City, Yulin City, Yushu
Tibetan Autonomous Prefecture, Yuncheng City, Zhangye City, Changzhi City, Zhengzhou City, Zhongwei City, Zibo City,
Jining City
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This study utilizes a variety of datasets to support the evaluation and analysis. Table 2 summarizes the
key data sources, their origins, and specific applications in this research. To ensure data consistency and
comparability, all spatial datasets underwent standardized preprocessing procedures. Data were projected
to the World Geodetic System 1984 (WGS 84) coordinate system, and monthly records were aggregated
into annual datasets. MODIS reflectance data were processed using Google Earth Engine (GEE) for cloud
removal, annual mosaicking, and median compositing. Additionally, all spatial datasets were reclassified
using the ArcGIS platform to meet the specific requirements of this study.

Table 2. Data Sources and Applications.

Data Type Data Source Usage
. MODIS reflectance data (processed via Land use classification and vegetation
MODIS Remote S I . .
crote Sensing tmagery Google Earth Engine, NASA) analysis

Landsat 8 data (United States Geological

NDVI Survey, USGS) Depicting vegetation growth states
Soil Data HWSD (Harmonized World Soil Database)  Soil properties analysis
Temperature and Precipitation Terraclimate reanalysis data Climate analysis

ASTER GDEM (Geospatial Data Cloud
DEM Data Platform, https://www.gscloud.cn, Slope and elevation analysis

accessed on 5 January 2026)

Resource and Environment Data Cloud
Platform (Chinese Academy of Sciences,
https://www.resdc.cn,

accessed on 5 January 2026)

National Bureau of Statistics and local

Economic Statistics . Socioeconomic analysis
statistical yearbooks

Ecological Protected Areas Identifying ecological zones

Compilation of Cost and Income Data of

Agricultural Production National Agricultural Products

Agricultural productivity analysis

2.4. Research Methods
2.4.1. Accounting for the Value of Ecological Products

Building on the distribution of land types and major grain-production areas in China, Song et al.
proposed ecosystem-service values per unit area for different ecosystems [41]. Following this approach,
the present study uses one-seventh of the average economic value per unit area of principal grain crops
across the 76 cities to localize the standard equivalent factor [26]. Three accounting categories are
calculated: supply products (food and raw materials), regulating products (gas regulation, climate regulation,
environmental purification, and hydrological regulation), and cultural products (aesthetic landscape value).
This service classification supports accounting but does not represent the full environmental, social, cultural,
and governance scope of ecological civilization. The computation follows three steps:

Calculation of the Standard Equivalent Factor Value

The standard equivalent factor value of ecological products in the study area is calculated using the
following formula:

" ber
P

J=1

where:
P - Value of 1 standard equivalent factor of ecological products in the research area (yuan/hm?);
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b; . Planting area of the j-th grain crop (hm?);

e;: Average market price of the j-th grain crop (yuan);

r;: Yield of the j-th grain crop (kg);

S- Total planting area of grain crops (hm?).

We acknowledge that ecosystem service coefficients exhibit spatial heterogeneity within the basin due
to variations in soil quality [42], precipitation patterns, and agricultural practices. To partially address this
issue, we adjusted the national-level equivalent factors using city-specific grain productivity data, following
the localization approach proposed by Xie et al. (2008). Specifically, one-seventh of each city’s average
grain economic value per hectare was used as the local standard equivalent factor, capturing regional
differences in agricultural productivity. However, this adjustment primarily reflects economic variations
rather than biophysical differences in ecosystem functioning. This represents an inherent limitation of the
equivalent factor approach, which prioritizes operational feasibility over spatial precision when assessing
large heterogeneous regions. Future studies could integrate spatially-explicit biophysical models such as
InVEST or ARIES to provide more accurate estimates of service provision heterogeneity.

The equivalent value of ecosystem service value per unit area is shown in Table 3.

Table 3. Equivalent Value of Ecosystem Service Value per Unit Area.

R
Secondary Food aw. Gas Climate Environmental Hydrological  Aesthetic
i , Material . . . . .
Classification  Supply Supply Regulation = Regulation Purification Regulation Landscape
Farmland 0.85 0.40 0.67 0.36 0.10 0.27 0.06
Forest Land 0.30 0.69 2.26 6.77 1.96 4.13 1.10
Grassland 0.23 0.34 1.21 3.19 1.05 2.34 0.59
Unused Land 0.01 0.03 0.11 0.1 0.31 0.21 0.05
Water System 0.8 0.23 0.77 2.29 5.55 102.24 1.89

Calculation of the Value Coefficient
The value coefficient of ecological products for each land type is obtained by multiplying the
equivalent factor by £ :
Fy =V, <P @)
where:
F, : Value coefficient of the V', -th ecological product (yuan/hm?);

f: Value equivalent of the f-th ecological product;
The value coefficients of ecological products of various land use types in the Yellow River Basin are
shown in Table 4.

Table 4. Value Coefficients of Ecological Products in the Yellow River Basin (USD/hm?).

Secondary Food Supply Raw Material Gas Climate  Environmental Hydrological  Aesthetic
Classification Supply Regulation Regulation  Purification Regulation Landscape
Farmland 258.29 121.51 203.57 109.36 30.38 82.02 18.23
Forest Land 91.14 208.03 686.68 2055.47 595.29 1252.71 334.21

Grassland 70.88 104.26 366.68 969.00 319.98 709.75 179.23
Water System 243.02 69.87 233.87 695.66 1686.00 31,064.81 574.26

Unused Land 3.04 9.11 33.41 30.38 94.15 63.78 15.18
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Total Value Calculation
EPVlf =H, ><Ff 3)

where:
EPV, : Value of the i-th ecological product of the i-th land use type (yuan),

H,: Area of the i-th land use type (hm?).

2.4.2. Correlation Analysis of Indicators

To ensure the scientific validity and accuracy of the analysis, the Pearson correlation coefficient is
applied to examine the relationships among the indicators. This method helps to identify and eliminate
highly correlated variables that might introduce multicollinearity issues into the model. The Pearson
correlation coefficient (7) ranges between —1 and +1, where values close to +1 indicate strong positive
correlations, values close to —1 indicate strong negative correlations, and values near 0 suggest no
meaningful linear relationship [43].

The formula for the Pearson correlation coefficient is as follows:

Jz<> S5y !

where:

r: Pearson correlation coefficient;

x;,y;: The i-th observation of two indicators;

X,y: Mean values of the two indicators;

n: Number of observations.

To eliminate the influence of different measurement units, all data were standardized before the
analysis. This ensures that the resulting correlation coefficients are not affected by differences in scale.

2.4.3. Suitability Evaluation Framework

The suitability system contains eight indicator categories: topography, development capacity, supply-
product value, cultural-product value, location conditions, regulating-product value, vegetation condition, and
protected areas (Table 5). The selection follows established multi-criteria land-suitability and ecosystem-
service frameworks. Topography and location represent physical and accessibility constraints; per-capita
GDP and industrial structure represent economic capacity rather than comprehensive social development.
Food and raw materials are supply products, aesthetic landscape value is a cultural product, and gas regulation,
climate regulation, environmental purification, and hydrological regulation are currently treated as regulating
products. Supply- and cultural-product indicators measure direct and indirect ecological-product
contributions [44], while vegetation and protected areas represent ecological condition and conservation
priority. This accounting taxonomy is narrower than ecological civilization because it does not directly
measure equity, health, education, cultural attachment, participation, or the quality of governance.

This study applies scientific and reasonable classification methods to assign values to these indicators.
Protected areas are divided into five levels based on their ecological importance and are assigned values
ranging from 0 to 4: core areas of nature reserves are assigned a value of 4, buffer zones 3, ecological
function areas 2, experimental areas 1, and other areas 0. For other indicators, the natural break method
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(Natural Break Method) is applied to divide them into four levels. The natural break method minimizes
intra-class variance and maximizes inter-class variance, ensuring the scientific and objective classification
of indicators. This assignment approach not only lays a solid foundation for evaluating the suitability of
ecological product value realization but also provides a standardized basis for comparative analysis between
regions. Table 5 summarizes the constructed indicators along with their classification and scoring criteria.

The indicator categories were chosen to keep the two measured dimensions interpretable rather than to
claim a comprehensive ecological-civilization index. Geographic and accessibility variables represent
constraints on implementation; economic variables represent organizational and market capacity; supply
and cultural values represent products that may enter value-realization pathways; and regulating values,
vegetation, and protected areas represent ecological functions and conservation constraints. Correlation
analysis is used to identify redundancy, but statistical independence alone does not establish social
relevance or policy priority. The unmeasured social, cultural, and institutional dimensions are
acknowledged explicitly and require participatory assessment in future applications.

Table 5. Suitability Evaluation Index System for the Value Realization of Ecological Products in the Yellow River Basin.

Indicator Layer Development Potential/Ecological Function Importance Score Weight
DEM (m) <854/4, (854, 1788]/3, (1788, 3123]/2, >3123/1 0.118
Slope (°) <5°4, (5°,13°]/3, (13°, 22°]/2,>22°/1 0.126
Per Capita GDP (thousand USD) >1.99/4, (1.11, 1.997/3, (0.55, 1.11]/2, <0.55/1 0.123
Proportion of Secondary and Tertiary Industries (%) >0.929/4, (0.862, 0.929]/3, (0.730, 0.862]/2, <0.730/1 0.119
Food Supply (million USD) >3100/4, (775, 3100]/3, (155, 775]/2, <155/1 0.085
Raw Material Supply (million USD) >2325/4, (155, 2325]/3, (31, 155]/2, <31/1 0.085
Aesthetic Landscape (million USD) >7750/4, (1550, 7750]/3, (155, 1550]/2, <155/1 0.093
Water Distance (km) <5/4, (5, 10]/3, (10, 15]/2,>15/1 0.126
Road Distance (km) <5/4, (5,10]/3, (10, 15]/2,>15/1 0.125
Gas Regulation (million USD) >6200/4, (3100, 6200]/3, (93, 3100]/2, <93/1 0.150
Climate Regulation (million USD) >15,500/4, (1550, 15,500]/3, (155, 1550]/2, <155/1 0.150
Environmental Purification (million USD) >4650/4, (775, 46501/3, (310, 775]/2, <310/1 0.173
Hydrological Regulation (million USD) >15,500/4, (7750, 15,500]/3, (1550, 7750]/2, <1550/1 0.166
NDVI >0.73/4, (0.55, 0.73]/3, (0.33, 0.55]/2, <0.33/1 0.238

Core area of nature reserve/4, Buffer zone of nature reserve/3,

Protected Area Ecological function area/2, Experimental area of nature 0.122

reserve/1, Others/0
The validity of the indicator system was assessed through multiple approaches. First, indicator selection followed established
criteria in multi-criteria decision analysis: relevance, measurability, and independence. Second, a correlation analysis (Section
3.2) was conducted to identify and address potential multicollinearity issues. Third, sensitivity analysis (Section 3.3)
demonstrated the robustness of results to changes in individual indicators. This validation approach is consistent with best
practices in environmental indicator development.

2.4.4. Calculation of Evaluation Indicators
Calculation of Development Potential

The development-capacity index combines topographic factors, economic structure, supply-product
value, cultural-product value, and accessibility. CRITIC (Criteria Importance Through Intercriteria
Correlation) assigns objective statistical weights based on two properties of the observed dataset: contrast
intensity, represented by the normalized standard deviation, and conflict/redundancy, represented by inter-
indicator correlations. CRITIC was selected because it provides a reproducible rule and reduces the
influence of highly correlated indicators. The resulting weights describe statistical differentiation among
the 76 observations; they do not measure ecological, social, or ethical importance and should not be
interpreted as policy preferences.
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CRITIC excludes local priorities, distributional effects, cultural values, and community knowledge.
Carbon sequestration, for example, may support both conservation and livelihood objectives, but a
statistical weight cannot decide how those objectives should be balanced. The method is also sensitive to
indicator definition, normalization, sample composition, outliers, and spatial scale. We therefore use
CRITIC as a reproducible descriptive weighting procedure, not as a substitute for judgment. Future
applications should validate the weights through sensitivity analysis and participatory deliberation with
affected communities, local managers, and public decision makers rather than relying only on external
expert adjustment.

In CRITIC, a larger standard deviation indicates greater statistical contrast among the sampled cities
after normalization; it does not by itself mean that an indicator contains more substantively important
information. Correlation is used to reduce weight where indicators vary similarly and therefore contribute
redundant statistical patterns. Sampling design, uneven regional representation, and outliers can influence
both quantities, so the weights must be interpreted together with sensitivity checks and substantive
knowledge. The calculation formulas are as follows:

g, :\/lzn:(xi/ - X, )2 6))

=T e - (©6)
\/Z(x@/_fj) \/Z(xik—)?k)

_ m
w, =— —r @)
o |ll—-——>»r
Soli-nn)
S; =ZW_;X;-; (®)

where:
o;: Standard deviation of the j-th indicator;

x;j: Value of the j-th indicator for the i-th sample;

X;: Mean value of the j-th indicator;

1jx: Correlation coefficient between the j-th and k-th indicators;

w;: Objective weight of the j-th indicator;

S;: Comprehensive score of development potential for the i-th map patch.

Finally, the development potential index is classified into four levels: low, relatively low, relatively
high, and high, using the natural break method.

Calculation of Ecological Function Importance

The same method (CRITIC) is used to calculate the ecological function importance. Key indicators
include regulation product value (e.g., gas regulation, climate regulation, hydrological regulation),
vegetation and ecology (e.g., NDVI), and protected area types. The weights of these indicators are
determined objectively based on their dispersion and correlation. Similar to the development potential index,



Ecol. Civiliz. 2026, 3(4), 10017. doi:10.70322/ecolciviliz.2026.10017 10 of 22

the ecological function importance is classified into four levels: low, relatively low, relatively high, and
high, using the natural break method.

Calculation of Value Realization Suitability

Suitability is evaluated using a two-dimensional matrix of development capacity and the importance
of ecological functions. The matrix distinguishes conditional opportunity from ecological constraint:
suitable areas combine higher development capacity with lower relative importance of ecological function,
but remain subject to ecological baselines; marginally suitable areas require restoration and bounded
activity; marginally unsuitable areas prioritize protection and compensation; and unsuitable areas require
strict protection. The classification is a screening device for ecological-product instruments, not a ranking
of the value of places or authorization for conventional development.

3. Results Analysis
3.1. Spatial Characteristics Analysis of Ecological Product Value

The ecological product values in the Yellow River Basin were calculated using Equation (3), and the
results are presented in Table 6. The total ecological product value amounts to USD 2.15 billion, with
regulation products contributing the largest share of USD 1.84 billion (85.68%), followed by supply
products at USD 0.19 billion (8.62%) and cultural products at USD 0.12 billion (5.7%). Regulation products,
particularly those related to gas regulation, climate regulation, hydrological regulation, and environmental
purification, dominate the overall value of ecological products. In contrast, supply and cultural products
contribute smaller proportions, reflecting the significant role of ecosystem regulatory functions in the
basin’s ecological economy.

The contributions of different land use types to ecological product value vary significantly. Grassland
makes the highest contribution to the total ecological product value, particularly in regulation functions such
as climate regulation (USD 444.8 million) and hydrological regulation (USD 325.9 million). Forest land also
plays a vital role, especially in climate regulation and hydrological functions. Although farmland covers a
relatively smaller area, it shows higher per-unit contributions in food supply (USD 49.85 million) and raw
material supply (USD 23.45 million). Water systems, despite their limited spatial coverage, have significant
impacts on hydrological regulation (USD 203.7 million). In contrast, construction land and unused land
contribute negligibly to the overall ecological product value due to their minimal ecological functions.

The spatial distribution of ecological product values, as shown in Figure 3, reveals a clear west-to-east
gradient across the Yellow River Basin. Using the natural break method, ecological product values are
categorized into five levels: low, lower, medium, higher, and high. The analysis indicates that regions with
low and lower ecological product values are primarily located in Ningxia, Inner Mongolia, and parts of
Shaanxi and Shandong. These areas are often characterized by sparse vegetation, limited cropland, and
fragmented grassland, which leads to reduced ecological product values. Conversely, regions with higher
and high ecological product values are concentrated in the western and eastern core areas of the basin.
These regions benefit from extensive grasslands, abundant water systems, and diverse vegetation, which
contribute to higher values in food supply, raw material supply, climate regulation, and hydrological
regulation. This spatial analysis provides critical insights into the ecological value dynamics and offers a
scientific basis for targeted regional land use and conservation strategies.
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Table 6. Value of Ecological Products in the Yellow River Basin (Million USD).
Raw . . . .
Secondary Food . Gas Climate  Environmental Hydrological Aesthetic
. h Material . . . . .
Classification Supply Supply Regulation Regulation  Purification Regulation Landscape
Farmland 49.85 23.45 39.30 21.12 5.86 15.84 3.52
Forest Land 8.86 20.22 66.73 199.74 57.87 121.78 32.48
Grassland 32.54 47.86 168.27 444.83 146.89 325.89 82.28
Water System 1.59 0.46 1.53 4.56 11.05 203.70 3.77
Construction Land  0.00 0.00 0.00 0.00 0.00 0.00 0.00
Unused Land 0.08 0.25 0.91 0.83 2.56 1.74 0.41

[ Moderately Low

[ |Medium

[ | Moderately High

B High

Figure 3. Spatial Distribution Map of Ecological Product Value in the Yellow River Basin.

3.2. Indicator Correlation Analysis

Figure 4 reports Pearson correlations among the selected indicators. Panel (a) shows economic,
accessibility, topographic, and product-value indicators; panel (b) shows ecological-function indicators.
Red cells indicate positive and blue cells negative associations, with darker shades indicating larger
absolute coefficients. The lower triangles report Pearson 7, and the upper triangles report significance. For
example, per-capita GDP and the non-primary-industry ratio are strongly positively correlated (» = 0.88),
while gas regulation and climate regulation are perfectly correlated in the displayed data (» = 1.00),
indicating potential redundancy that requires methodological clarification. Climatic and hydrological
variables are ecological drivers, not non-ecological residual factors. These correlations describe co-
variation only; they do not establish that economic activity causes ecological pressure or that one class of
variables is more important for policy.



Ecol. Civiliz. 2026, 3(4), 10017. doi:10.70322/ecolciviliz.2026.10017

1
Raw BN
materials
0.8
Water body | on 4
0.6
Food, B -
production : prodiction .
Slope -0.087 0.23 -0.087 Slope i
Aes%hetl‘C 0.59 0.26 0.59 -0.32 Agghanc 0
values
Non-primary o | w o
industry ratio| """ oo | am el .
?&s}ggg wow 0w eow am wm ow e 04
-0.6
GDP .t -0.11 0.12 -0.11 0.47 -0.14 0.88 0.36 pEIEiCI:;EiIa
per capita
-0.8
DEM -0.13 0.21 -0.13 0.53 -0.41 0.66 0,56 0,65
-1
& & @ XY ) &
& P & E S HsF &
VE 9 QF LE L& SFCH S
F &P Iy a6
& Q’ R & Q;ﬂg <O <§
~&
* pd=0.05 sk pd=0.01 sk pd=0. 001 &
(a)
1
Gas. Climate .
regulation | regulation 0.8
. 0.6
Climate i Climate .
regulation ' regulation
0.4
Protected 0.21 0.1 Protected o - 0.2
areas areas
0
NDVI 0.18 0.18 0.18 NDVI o
-0.4
Waste Waste
treatment | " 0.9 025 0023 treatment
0.6
Water Water -0.8
regulation 0.91 0.91 0.24 -0, 025 0.98 veilation
-1
& & > & @ & 5 &
% .0 . & Py X . &
& LS & & 8
S @%o &aé(? S @1@ O&F
4
& @Q?;’ & & &
* pd=0.05 k% p{=0.01 =¥k p<=0.001
(b)

Figure 4. (a) Correlation Analysis of Indicators; (b) Correlation Analysis of Indicators. The color scale ranges from —1 (blue,
negative correlation) through 0 (light/neutral) to +1 (red, positive correlation); darker color indicates larger absolute correlation.
Lower-triangle cells report Pearson correlation coefficients, upper-triangle cells report significance, and *, **, and *** denote p
<0.05, p<0.01, and p < 0.001, respectively. Diagonal cells identify variables.
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3.3. Sensitivity Index Analysis

Table 7 reports elasticity-style sensitivity indices for modelled ecological-product values with respect
to changes in the assigned value coefficients. Grassland has the largest index (0.581), followed by forest
land (0.236), water systems (0.105), farmland (0.074), and unused land (0.003). Values below one indicate
that, under this local perturbation test, proportional changes in the modelled total are smaller than
proportional changes in the corresponding coefficient. They do not establish the accuracy or real-world
reliability of the absolute ecological-product values, nor do they test for omitted spatial heterogeneity or
the validity of the coefficient sources [45].

Table 7. Sensitivity Indices of the Value of Ecological Products in the Yellow River Basin.

Secondary Classification Sensitivity
Farmland 0.074
Forest Land 0.236
Grassland 0.581
Water System 0.105
Unused Land 0.003

3.4. Analysis on the Suitability of Realizing the Value of Ecological Products

The suitability analysis of realizing the value of ecological products in the Yellow River Basin
integrates two core indicators: development potential and ecological function importance, providing a
scientific basis for regional ecological development and protection. By classifying the relevant indicators
using the natural break method and analyzing spatial distribution characteristics, this study identifies the
suitability zones within the basin as well as the potential and limitations of their development and protection.

3.4.1. Development Potential Analysis

The development potential indicator reflects the capacity of a region to realize the value of ecological
products based on its natural resources and socio-economic conditions. Development potential in the
Yellow River Basin is divided into four levels—low, relatively low, relatively high, and high (Table 8(A)).
Areas with low development potential account for 14.06% of the total basin area, relatively low areas for
22.33%, relatively high areas for 35.74%, and high areas for 27.87%.

From the perspective of spatial distribution (Figure 5a), areas with relatively high or high development
potential are concentrated in the central and eastern parts of the basin, including urban agglomerations such
as the Guanzhong Plain, Central Plains, and Shandong Peninsula city clusters. Representative cities include
Jinan (score: 3.977), Dongying (score: 3.973), and Zibo (score: 3.920). These cities, with convenient
transportation, strong economic foundations, and abundant resources, are well-suited for further
development of ecological product value. Additionally, cities such as Wuhai and Baotou in Inner Mongolia,
Yinchuan in Ningxia, Zhengzhou in Henan, and Yulin in Shaanxi also demonstrate significant development
potential, reflecting their considerable advantages in resource development.

In contrast, areas with low development potential are primarily located in the western part of the basin,
including Qinghai, Gansu, and western Shaanxi. These regions are characterized by alpine grassland
ecosystems, limited by high altitudes, poor transportation access, and a single type of ecological resource.
For instance, Yushu Tibetan Autonomous Prefecture (score: 2.302) and Golog Tibetan Autonomous
Prefecture (score: 2.553) are typical examples of low-potential areas. These regions should prioritize
ecological protection and gradually enhance their ecological service capacity through restoration measures,
while also focusing on improving infrastructure conditions.
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Table 8. Areas of Each Grade of the Development Potential, the Importance of Ecological Functions, and the Suitability of
Realizing the Value of Ecological Products of 76 Cities in the Yellow River Basin.

Development Potential Ecological Function Importance
Evaluation Grade (A) B)
Area (hm?) Proportion (%)  Area (hm?)  Proportion (%) Area (hm?) Proportion (%)

Value Realization Suitability (C)

Low (Unsuitable
Zone)
Relatively Low

(Marginally 18,043,260 22.33% 19,889,520 24.59% 31,180,494 38.59%
Unsuitable Zone)
Relatively High
(Marginally 28,873,853 35.74% 22,434,121 27.74% 4,936,916 6.11%
Suitable Zone)
High (Suitable
Zone)

11,356,449 14.06% 5,292,731 6.54% 24,462,793 30.28%

22,525,337 27.88% 33,257,692 41.12% 20,218,603 25.02%

Figure 5 displays the spatial distribution characteristics of the three core evaluation dimensions across
the Yellow River Basin.

(b)

[I] Moderately igh
I i

Figure 5. (a) Spatial Distribution Maps of the Development Potential, (b) the Importance of Ecological Functions, and (c) the
Suitability of Realizing the Value of Ecological Products in the Yellow River Basin.

3.4.2. Ecological Function Importance Analysis

The ecological function importance indicator evaluates the contribution of a region to ecosystem
services. After classification using the natural break method, areas with high or relatively high ecological
function importance account for nearly 70% of the total basin area (Table 8(B)). underscoring the basin’s
critical role in China’s ecological function system.

From the spatial distribution perspective (Figure 5b), areas with high ecological function importance
are concentrated in the western and certain eastern parts of the basin. These regions are dominated by
grasslands, forests, and shrubs, which provide significant ecological services, such as water conservation,
windbreak and sand fixation, and climate regulation. Representative areas include the Aba Tibetan and
Qiang Autonomous Prefecture (score: 3.513), Huangnan Tibetan Autonomous Prefecture (score: 3.477),
and Gannan Tibetan Autonomous Prefecture (score: 3.390), which form the core ecological security barrier
of the basin.

In contrast, areas with low ecological function importance are mainly distributed in the southern,
central, and estuarine regions of the basin. These areas are characterized by a single land use type, primarily
cropland and forestland, with weaker ecosystem service functions. Examples include Zhengzhou (score:
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1.972), Dongying (score: 2.017), and Zhangye (score: 1.006). For these low-function areas, it is
recommended to optimize land use practices, increase forest and shrubland coverage, and strengthen
ecological restoration and protection to enhance their ecosystem service capabilities.

3.4.3. Suitability Analysis for Value Realization

The value realization suitability indicator integrates development potential and the importance of
ecological functions to assess the feasibility of realizing the value of ecological products in a given region.
Suitability zones are classified into four categories based on the relationship between development potential
and the importance of ecological functions: suitable, marginally suitable, marginally unsuitable, and
unsuitable areas (Table 8(C)). Among these, suitable areas account for 25.02% of the total basin area,
marginally suitable areas for 6.11%, marginally unsuitable areas for 38.59%, and unsuitable areas for 30.28%.

Figure 5c shows suitable and marginally suitable areas concentrated mainly in the central and lower
reaches, including Yuncheng, Weinan, and Bayannur. Their higher development capacity may support low-
impact certification, ecological agriculture, service platforms, or restoration finance. The classification does
not imply low ecological value or permit unconstrained industrial expansion. Any initiative must maintain
ecological baselines, comply with land and water constraints, and be withdrawn or adjusted if monitoring
shows degradation.

In contrast, unsuitable and marginally suitable areas are concentrated in the western part of the basin,
including Golog Tibetan Autonomous Prefecture and Yushu Tibetan Autonomous Prefecture in Qinghai,
as well as Ordos and Baotou in Inner Mongolia. While some of these areas exhibit relatively high
development potential, they also demonstrate high ecological function importance, necessitating
prioritization of protection measures to avoid further damage to fragile ecosystems.

The suitability analysis identifies spatial differences in capacity and ecological constraints. Central and
lower-reach cities generally have greater organizational and market capacity, while many western
headwater and grassland regions have higher ecological-function importance. Ecological civilization
should not preserve this separation as a development-versus-conservation binary. It requires low-impact
value-realization instruments in higher-capacity areas, protection and restoration where ecological
importance is high, and compensation and benefit-sharing between beneficiary and provider regions. The
matrix therefore guides differentiated responsibilities rather than assigning development rights.

Figure 6 compares the average development potential and ecological-function importance scores across
the 76 cities in the Yellow River Basin.

Figure 6. Average Scores of the Development Potential and the Importance of Ecological Functions of 76 Cities in the Yellow
River Basin.
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Figure 7 summarizes the proportions of areas with high values for development potential and

ecological-function importance across the 76 cities.
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Figure 7. Proportions of the Areas of High Values of the Development Potential and the Importance of Ecological Functions of

76 Cities in the Yellow River Basin in the Yellow River Basin.

3.5. Configuration of the Paths for Realizing the Value of Ecological Products

To promote the realization of ecological product value in the Yellow River Basin, differentiated strategies
must be developed based on regional characteristics. This section proposes four specific pathways tailored to
the suitability of different regions, aiming to balance ecological protection and sustainable development.

3.5.1. Advancing Ecologically Safeguarded Green Industrial Transformation in Suitable Zones

Suitable zones, characterized by high development potential and relatively low ecological sensitivity,
should prioritize green industrial transformation through three mechanisms. First, carbon-sink trading could
be piloted in agricultural areas such as Yuncheng and Weinan, subject to verified additionality, monitoring,
and market eligibility. Second, eco-labeling and certification programs could be developed for regional
agricultural products, drawing on documented programs in comparable Chinese regions. Third, eco-tourism
corridors could connect cultural heritage sites with natural landscapes where ecological carrying-capacity
safeguards are in place. Implementation would require location-specific feasibility studies, institutional
responsibilities, financing arrangements, and monitoring rules.

Critical safeguards must accompany these initiatives: projects must comply with statutory ecological
redlines and water constraints; preserve ecological corridors and habitat connectivity; demonstrate

additionality and avoid displacement of impacts; establish baseline indicators before implementation; and use
periodic monitoring with corrective or exit rules when ecological conditions deteriorate. These safeguards
define green industrial transformation as ecological and developmental rather than conventional expansion.
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3.5.2. Restoring Ecosystems and Acting as Reserves for Ecological Products in Marginally Suitable Areas

Marginally suitable areas are interspersed among marginally unsuitable and unsuitable regions in Inner
Mongolia, Qinghai, Shaanxi, and Ningxia. Many contain desertified or otherwise fragile land [46,47], so
restoration should precede value-realization activity. Livelihood initiatives should be limited to practices
compatible with restoration objectives, monitored ecological capacity, and local participation. A
restoration-benefit evaluation system should track ecological recovery and the distribution of benefits [48].

3.5.3. Prioritizing Protection and Locally Appropriate Livelihoods in Marginally Unsuitable Areas

In marginally unsuitable areas, including parts of Shanxi, Shaanxi, and Ningxia, ecological protection is
the primary objective. Any livelihood or value-realization activity must be compatible with local water
availability, restoration targets, and ecological carrying capacity. Deforestation, inappropriate reclamation,
overgrazing, and water-intensive expansion should be prohibited or tightly controlled. Compensation,
restoration employment, and verified low-impact products should be favored over new intensive development.

3.5.4. Strengthening Ecological Compensation Mechanisms in Unsuitable Zones

Unsuitable zones, primarily located in Qinghai’s Sanjiangyuan region and Gansu’s Qilian Mountain
areas, serve as critical ecological security barriers for the basin and must be strictly protected from intensive
development. A tiered ecological-compensation framework could differentiate support by ecosystem-
service type and locally verified opportunity costs. Compensation standards should be calibrated using
documented forgone livelihood revenues, replacement costs, ecosystem-service contributions, existing
program rules, and community participation. Specific rates require dedicated feasibility analysis and are
therefore not estimated in this study.

Funding mechanisms should follow the beneficiary-pays principle. Downstream cities benefiting from
water provision services—including Lanzhou (population 3.3 million), Xi’an (12.9 million), and
Zhengzhou (12.6 million)—should contribute through inter-provincial fiscal transfers. Based on household
willingness-to-pay surveys in similar contexts, a levy of USD 2-5 per capita annually could generate USD
60—150 million for upstream compensation, sufficient to cover protection costs while providing livelihood
support for 2.3 million pastoral residents in unsuitable zones [6,49].

The differentiated pathways are intended to connect ecological protection with locally appropriate
benefits rather than convert all ecological functions into market commodities. Green industry, restoration,
protection, and compensation have different roles across the matrix, but each requires ecological baselines,
monitoring, participation, and institutional accountability. This interpretation aligns the spatial framework
with the broader ecological-civilization objective of coordinating environmental integrity, livelihoods,
cultural values, and governance.

4. Discussion
4.1. Theoretical Contributions and Comparison with Existing Approaches

This study links ecological-product accounting with a two-dimensional spatial diagnosis. Yellow River
Basin valuation studies by Zhang et al. and Zhu et al. quantify ecosystem-service values [21,25], while land,
vulnerability, and restoration-suitability studies by Wang et al. and Chen et al. demonstrate spatial and
MCDA applications [30,33]. Additional MCDA and spatial-planning literature explains how multiple
criteria can support land decisions [27-29]. A single aggregated score may conceal whether a result arises
from development capacity or ecological importance. Retaining the two dimensions makes the tension
visible but does not automatically resolve normative choices; ecological thresholds, local participation, and
implementation evidence remain necessary.



Ecol. Civiliz. 2026, 3(4), 10017. doi:10.70322/ecolciviliz.2026.10017 18 of 22

The reported negative association (—0.73) between the composite development-capacity and
ecological-function-importance scores describes a spatial pattern across the sampled cities; it does not
demonstrate that economic activity causes ecological decline. High-altitude and headwater regions tend to
combine strong ecological functions with limited accessibility and market capacity, whereas several central
and lower-reach cities show the reverse pattern. Ecological civilization should address this spatial sorting
through safeguards, restoration, compensation, and cross-regional benefit sharing rather than accept a
permanent development-conservation divide. Regulating-service values account for a large share of the
modeled total, but their monetized estimates and market realizations should be interpreted with caution
given the equivalent-factor limitations.

4.2. Methodological Considerations and Limitations

Several methodological limitations warrant discussion. First, CRITIC provides reproducible statistical
weights but cannot represent local priorities, cultural values, distributional impacts, or community
knowledge. Its contrast and correlation measures are sensitive to indicator definitions, normalization,
sample composition, outliers, and spatial scale. Carbon sequestration or biodiversity may support both
conservation and livelihood goals, yet CRITIC cannot determine the preferred balance. The weights should
therefore be treated as descriptive inputs and validated through sensitivity analysis and participatory
deliberation with affected communities, local managers, and public decision makers rather than adjusted
only by external experts.

Second, the equivalent factor method for ecosystem service valuation assumes spatial homogeneity
within land use categories—an assumption that is clearly violated across the basin’s diverse conditions.
Alpine grasslands in Qinghai provide fundamentally different services than temperate grasslands in Inner
Mongolia, yet our valuation treats them identically. While we partially addressed this through city-level
coefficient adjustments, spatially explicit biophysical modeling (e.g., In'VEST, ARIES) would provide
more accurate service estimates. However, such models require detailed input data that are often
unavailable at the basin scale, creating a trade-off between precision and feasibility.

Third, our analysis relies on 2020 cross-sectional data, preventing assessment of temporal dynamics.
Ecosystem services and development pressures evolve over time; a region classified as “suitable” today
may become ecologically stressed under continued development. Longitudinal analysis incorporating land
use change projections and climate scenarios would strengthen the framework’s policy relevance.

Fourth, our analysis uses administrative boundaries (cities) rather than ecological boundaries
(watersheds, ecoregions). This choice was motivated by policy applicability—ecological product value
realization policies are implemented through administrative governance structures, making city-level
assessment directly relevant for policy design and implementation. However, ecological processes do not
respect administrative boundaries; a city may span multiple ecoregions with distinct service provision
characteristics. Future studies could adopt hybrid approaches using sub-watershed units nested within
administrative boundaries to better capture ecological heterogeneity while maintaining policy relevance.

4.3. Policy Implications

The four zones provide differentiated responsibilities, not a hierarchy of places. Suitable zones (25.02%)
represent conditional opportunities for low-impact instruments where ecological baselines and water
constraints are respected. The combined share of marginally unsuitable (38.59%) and unsuitable zones
(30.28%) indicates that protection, restoration, and compensation must dominate across most of the basin.
Ecology-first safeguards apply in every zone, including locations with lower relative ecological-function-
importance scores.
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The proposed differentiated pathways move beyond generic recommendations by linking suitability
categories to specific policy instruments. However, implementation will require institutional innovations,
particularly for cross-provincial ecological compensation. The beneficiary-pays mechanisms we propose
require coordination among nine provincial governments with divergent interests—a governance challenge
that technical frameworks alone cannot resolve.

4.4. Future Research Direction

Future research should prioritize participatory assessment with affected communities, including
distributional impacts, cultural attachment, livelihood expectations, and local ecological knowledge.
Longitudinal tracking should compare assessed suitability with observed land-use change and value-
realization outcomes. Comparative applications in the Yangtze, Pearl, and Hai river basins could test which
components are transferable and which require institutional adaptation. Climate scenarios and nested
watershed-administrative units would improve long-term ecological relevance.

5. Conclusions

This study assessed ecological-product value-realization suitability across 76 Yellow River Basin cities
using separate development-capacity and ecological-function-importance dimensions. The estimated 2020
ecological-product value is illustrative because it depends on equivalent factors and city-level grain-based
adjustments. Four zones were identified: suitable (25.02%), marginally suitable (6.11%), marginally
unsuitable (38.59%), and unsuitable (30.28%). These labels describe conditional feasibility for ecological-
product instruments, not permission for conventional development. The observed negative association
between the composite dimensions is interpreted as spatial sorting rather than causation. The principal
policy implication is differentiated responsibility: ecological safeguards in all zones, low-impact
instruments where capacity exists, and protection, restoration, and compensation where ecological
importance is high.

The framework offers a transparent spatial screening structure but does not constitute a complete
ecological-civilization assessment. Social equity, health, education, cultural attachment, participation,
governance capacity, temporal change, and biophysical service modelling require additional evidence.
Future applications should combine spatial indicators with participatory assessment, longitudinal validation,
climate scenarios, and nested watershed-administrative analysis before policy implementation. Accordingly,
the present results support hypothesis generation and differentiated planning discussion rather than
definitive investment or development decisions.
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