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. ecological processes, identify ecological corridors, and analyze the spatial
Corresponding Author distribution and flow patterns of service flows. The results show that there are
Fu Rong significant regional differences in the supply of ecosystem services in Gansu
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low-supply-low demand indicate that environmental service flows and cultural
service flows present different flow paths and connectivity in Gansu Province.
Based on the above analysis results, this paper divides the ecological function
zone of Gansu Province into ecological culture protection zone, ecological
culture maintenance zone and ecological culture development zone, which is
closely combined with the territorial spatial planning of Gansu Province and
adopts regional policies to ensure the ecological security and sustainable
http://doi.org/10.70693/itphss.v2i5.260  development of Gansu Province.

1. Introduction

With the deepening of the concept of ecological civilization development, people's concept
of well-being for a better life is also quietly changing. The pursuit of a better life has gone beyond
basic material satisfaction (Costanza, et al.,2017) and turned to the desire for healthy soil, fresh
air, clean water, beautiful environment, pleasant climate and cultural beauty. The integration of
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culture and tourism is becoming a new engine of economic growth (Irfan, et al.,2023). This
development trend has put forward new challenges to the regional ecosystem, and the coexistence
of culture and ecology has become the core competitiveness of future regional development.
However, current studies on ecosystem services (ES) are somewhat inadequate in terms of
spatio-temporal changes (Wang, et al.,2022), interrelationships (Liu, et al.,2024) and functional
zoning (Zeng, et al.,2023). In particular, the dynamic change of ES (Xie, et al.,2017) and the
tradeoff relationship (Vallet, et al.,2018) have not received sufficient attention. Therefore, with
the deepening of research on ES and the improvement of understanding of the complexity of ES,
the concept of ecosystem services flow (ESF) has gradually evolved (Wang, et al.,2022),
emphasizing the flow and distribution of ES in different regions (Wang, et al.,2022). And the
interaction between services (Bayala, et al.,2014). The study of ESF helps to reveal the tradeoff
and synergistic relationship between services (Li, et al.,2024) and provides scientific basis for
formulating reasonable ecological protection and resource management strategies (Bruck, et
al.,2022). The combination of ESF and ecological function zoning can more effectively guide the
optimal layout of territorial space (Chen, et al.,2022). By identifying key ecological functional
areas, clarifying the dominant service types of each region (Ding, et al.,2023), and analyzing the
dynamic changes of service flow (Wu, et al.,2023), the reasonable allocation and efficient
utilization of ES can be promoted (Li, et al.,2021). Furthermore, this combined strategy aids in
striking a harmonious equilibrium between the conservation of ecosystems and the advancement
of economic prosperity, which in turn contributes to the realization of the Sustainable
Development Goals.

At present, the research on ecological functional zoning can be summarized as follows: 1)
Ecological function zoning based on different research methods, such as the index system
construction based on remote sensing cloud computing and geographic information spatial
analysis technology (Lia0,2022), Self-organizing feature mapping neural network (SOFM)
(Liao,2022) and Random Forest (RF) algorithm were used for unsupervised partitioning (Dahan,
et al.,2024), and combined with analytic Hierarchy Process (AHP) to determine subjective
weights for comprehensive weighted analysis. PLUS model (Zhang, et al.,2023) and Markov
model are used to simulate land use. 2) Ecological function zoning based on different research
scales, such as province (Lu, et al.,2023), city (Yang, et al.,2022), district (county) level (Yang, et
al.,2022), etc. 3) Ecological function zoning based on different unit types, such as ES function
evaluation (Wang, et al.,2017), ecological sensitivity evaluation (Kong, et al.,2024) and regional
economic development evaluation (An, et al.,2022). Existing studies have effectively promoted
the transformation of ESF studies from theory to practice (Vari, et al.,2024), but there are still the
following deficiencies: First, existing studies on ESF mainly focus on supply services and
regulation services (Campbell, et al.,2020), with little reference to support services (nutrient
cycling, etc.) and cultural services (entertainment and scenic spots, etc.) (Campbell, et al.,2020).
Make the conflict between ecological and cultural services obvious in regional coordination
(Meng, et al.,2023); Second, current studies mainly focus on the assessment of cities and counties
(Zhao, et al.,2023) and small watershed scales (Ding, et al.,2024), but rarely involve the national
and provincial scales (Pittock, et al.,2012). In addition, the research area is concentrated in the
coastal developed areas (Chen, et al.,2023), and less attention is paid to the northwest area, which
is relatively fragile in ecology and lagging in economic development level (Li, et al.,2023).

Gansu Province is located in the northwest of China and serves as an important passage
connecting the Central Plains and the Western Regions. It possesses abundant natural resources
and unique ecosystems. However, the ecosystem of Gansu is facing severe challenges, including
water scarcity, land degradation, and a decline in biodiversity. Additionally, there is a significant
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imbalance between the supply and demand of ES in Gansu Province, particularly in terms of
cultural ES, such as the conflict between the protection of historical sites and economic
development. Therefore, the main contributions of this study are summarized as follows:

1. Comprehensive Assessment of ES Supply and Demand: This study not only focuses on
the supply and demand of ES but also reveals the differences in supply and demand across
different regions of Gansu Province through a comprehensive analysis of their spatial distribution
characteristics and dynamic changes. By selecting a variety of ES indicators that cover both
environmental and cultural services, this study provides a new perspective for understanding their
complex interactions.

2. Robust Model Evaluation through Multiple Assessment Methods: The study integrates
various methods, including the InVEST model, MaxEnt model, and coupling coordination degree
model, to systematically quantify the supply and demand of ES. By comparing the results of
different models, the accuracy and reliability of the assessment are enhanced, overcoming the
limitations that may exist with a single method. This provides a more solid basis for the scientific
management of ES.

3. Comprehensive Risk Classification through Cluster Analysis and Spatiotemporal
Visualization: The study employs cluster analysis to scientifically classify ES in Gansu Province,
based on the spatial distribution and flow patterns of ESF. Additionally, through visualization, it
intuitively displays the dynamic changes and spatial distribution characteristics of ESF.,
providing a direct reference for ecological functional zoning and resource management.

2. Research methods and data sources

2.1. Overview of the study area

Situated in the northwest region of China, Gansu Province (32°11 '-42 °57' N, 92°13
'-108 °46' E) holds significant geographic importance within the country's western area. Gansu
boasts a total of 14 prefecture-level administrative entities, comprising 12 cities at the prefecture
level and 2 autonomous prefectures. There are 86 counties in the province. The land area of
Gansu Province is about 425,800 square kilometers, the terrain slopes from southwest to northeast,
and the landform types are diverse, including mountain, plateau, plains, desert and other
landforms (Figure 1). In terms of climate, Gansu belongs to the temperate continental climate, the
annual precipitation gradually decreases from southeast to northwest, the southeast has more
precipitation, while the northwest is dry and less rain.

Gansu Province not only has diverse landforms and unique climate, but also carries profound
cultural resources. It is the cradle of the Yellow River civilization, the thrust of the Silk Road, the
melting pot of multi-ethnic cultures, the witness of the red history, and the meeting point of
religious cultures. From the thousand-year-old murals of the Mogao Grottos in Dunhuang to the
magnificent Great Wall at Jiayuguan, from the Danxia landform in Zhangye to the Tibetan
customs in Gannan, Gansu's cultural landscape is a colorful tapestry of history and modernity.
The abundance of cultural resources plays a crucial role in boosting cultural tourism in Gansu and
preserving the rich traditional culture of China. Gansu province is currently under ecological
stress as it grapples with balancing economic growth and environmental preservation. The
conflict between economic progress and protecting the environment is particularly evident in
ecologically delicate regions, where economic advancement relies heavily on exploiting resources,
leading to a decrease in ES supply.
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Figure 1. Location map of the study area

2.2. Research methods
2.2.1. Estimation of ES supply and demand

The study developed a comprehensive index system for ES supply by choosing four
indicators for environmental services (water production, soil conservation, carbon sequestration,
habitat quality) and four indicators for cultural services (historical heritage, local culture,
recreational activities, scenic beauty) (Table 1).Currently, the measurement methods for ES
supply include the emergy method (Li et al., 2023), value evaluation method (Zhang et al., 2023),
and quality evaluation method. The emergy method converts services into energy units using
solar value conversion rate and conversion function. However, not all ES have clear emergy
conversion rates which result in uncertainties in analysis results at small regional scales. The
value evaluation method monetizes the service value through benefit transfer or function value
approaches. Nevertheless, it is subjective and may not fully reflect the real value of ES. On the
other hand, quality assessment is based on ecological processes utilizing biophysical models such
as InVEST model and CASA model to accurately depict the structure, function, and process of
ecosystems providing scientific basis for decision-making. In this investigation, the spatial
analysis of the ES provisioning pattern in Gansu Province was carried out by applying the
InVEST model, MaxEnt model, and other relevant models. Ultimately, the assessment outcomes
of diverse ES were standardized, weighted, and merged to acquire a holistic overview of Gansu
Province's ecosystem service provisioning pattern.

Table 1. Assessment of ES supply

ES Principle and Calculation process
method
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Water
production
service

Soil
conservation

Carbon
sequestration
service

Habitat quality

History and
culture
Regional
culture

Rest and
recreation

Aesthetic
landscape

InVEST model
Annual water
yield module

InVEST model
Sediment
Delivery Ratio
module

InVEST model
Carbon Storage

Water Yield =P- (Q+E +S+GW)

In the equation, Water Yield represents the quantitative
result of water conservation function, P represents
rainfall, Q represents surface runoff, E represents

evapotranspiration, S represents the change of soil water

content, and GW represents the groundwater recharge.

SD = RKLS -ULSE
RKLS =RxKXLS
USLE=RXKXLSxCxP
In the formula, R represents the factor of rainfall
erosivity; K represents the factor of soil erodibility; LS
represents the factor of slope length; C corresponds to
the factor of vegetation cover; and P indicates the factor
of soil conservation measures.
Ctotal = Cabove T Chelow + Csoil + Caead
Where:C,p0vels the amount of carbon stored on the

and Sequestration ground; Cp ., X is the underground carbon storage; Cgy;x

module

InVEST model
Habitat Quality
module

MaxEnt model

MaxEnt model

MaxEnt model

MaxEnt model

is soil carbon storage; Cy.,¢X is dead organic carbon
storage.

quality = ) (sensitivity * threat distance)
/(1 + protection)

Where: quality represents the quality of the habitat,
sensitivity represents the sensitivity of each habitat type
to each threat, threat distance represents the distance
between the grid cell and the threat, and protection
represents the level of legal protection the cell receives.

H(P) =— > P (x)InP(x)
XEX
Where: H (P) represents the entropy of random variable

X; P (x) is the probability that the random variable X is
X; X is the set of all possible values of the random
variable X; log represents the natural logarithm (the
logarithm base e).

ES demand refers to the degree of human society's dependence on and demand level of
various services provided by ecosystem. It includes the need for basic ecological services such as
clean water, clean air, food production, and climate regulation, as well as non-material services
such as culture, education, and leisure. At present, the measurement methods of ES demand
mainly include direct market value method, alternative cost method, conditional value assessment
method (CVM), travel cost method (TCM), etc. (Sun, et al.,2022). Each of these methods has
advantages and disadvantages: direct market value method is suitable for tradable services, but it
is difficult to evaluate non-market value; The alternative cost method is applicable to the services
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that cannot be directly traded, but the determination of the alternative cost is subjective. CVM
obtained payment intention through questionnaire survey, but it was affected by survey design
and respondents' bias. TCM is based on the cost of travel and is suitable for leisure and tourism
services, but it is difficult to quantify the demand for other services.

In recent years, researchers have proposed a method to construct ES demand index by
combining land use intensity index with social and economic indicators such as population
density and land per capita GDP. By quantifying the intensity of human activities' demand for ES,
this method can reflect the dependence of different regions on ES. It combines the level of social
and economic development and the characteristics of population distribution and provides a new
perspective for regional ecological protection and sustainable development. The formula is as
follows:

ESD = LDI x In(POP + 1) x In(GDP + 1) (1)

LDI = 100x(2Piin) (2)
i=1

Where: ESD serves the needs of the ecosystem; POP and GDP are population density and per
capita GDP respectively. LDI is the comprehensive land use intensity index. P; is the grade i
land use intensity (i=1,2,3,4); Q; is the percentage of area occupied by Class i land use type; n is
the classification number of land use intensity.

2.2.2. Coordination degree of ecosystem environment-culture coupling

Coupling coordination degree is an important index to measure the relationship between ES
and social and cultural development of human beings. There is a complex coupling relationship
between ES and social and cultural development, which can be quantitatively evaluated by
coupling coordination degree model. The level of coupling coordination reflects the matching
degree between ES and social and cultural development, and the improvement of coupling
coordination degree means the enhancement of synergistic effect between ES and social and
cultural development (Yang, et al.,2022). The formula is as follows:

6 X 1) (3)
C= 24—
\J[f(x) T )]

T = af(x) + bf(y) (4)
D=+/CxT (5)

Where: C is the coupling degree of the system; f (x) and f (y) are the comprehensive
evaluation index values of environmental services and cultural services respectively, T is the
comprehensive index of ES in Gansu Province, weight a and b are the undetermined coefficients
of 0.5, D is the coupling coordination degree, the higher the value, the higher the degree of
environmental and cultural coupling coordination.

2.2.3. Supply-demand ratio of ES

In order to explore the relationship between the supply and demand of ecosystem
environment-cultural services in Gansu province, the ratio of ES supply and demand was used to
represent the proportional relationship between the services provided by the ecosystem and the
human society's demand for these services (Li, et al.,2016). The formula is as follows:
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S—-D
(Smax + Dmax) /2 (6)

Where, ESDR is the supply and demand ratio of ES, S is the supply amount of ES, D is the
demand for ES, S, is the maximum supply amount of ES, and D,,,, is the maximum demand
for ES. When ESDR >0, supply is greater than demand. When ESDR =0, supply equals demand.
When ESDR <0, supply is less than demand.

2.2.4. Hotspot analysis

Hotspot analysis is a spatial statistical method used to identify and quantify the concentration
or aggregation phenomenon in geospatial data. In this study, the grid of 3000mx>3000m is taken
as the basic unit, and the Getis-Ord G* cold hotspot tool of Arc GIS software is used to visualize
the data (Hou, et al.,2018). The formula is as follows:

ESDR =

o Wi = XX Wy (7)
b 2
[n 2;]:1 wij = (2,-”:1 Wi,j) ]
S n—1

"2
s = \JM_ ®)’ (8)

n

Where, G is the cold hot spot index, n is the number of patches: x; is the attribute of
patch j, X is the average value of all attributes, and wj; is the spatial weight between elements i

and j. According to the analysis results of the supply-demand ratio of ES, the supply-demand ratio
of eight indicators of environment-cultural services was extracted with Hot Spot-99%Confidence
and Hot Spot-95%Confidence to initially identify the supply source. Cold Spot-99%Confidence,
Cold Spot-95%Confidence Initial identification of demand sources.
2.2.5. Estimation of ESF based on circuit theory

Circuit theory is an ecological tool that analogizes species migration and gene flow
processes in an ecosystem to the flow of electrons in a circuit, simulating and analyzing
ecological processes through the concepts of resistance and current. In this study, Linkage
Mapper was used to quantify and visualize ESF (Shen, et al.,2022). Linkage Pathways is used to
link ESF to physical current, simulate the random flow of ecological flow, calculate the current
intensity between source areas, identify the ecological corridor in the landscape, and build a
corridor connecting the supply area and demand area of ES. These corridors represent the
potential flow paths of ES in space. Considering that different types of ESF may be affected by
natural conditions or human activities during their flow, it is of great significance to add
ecological resistance surface to the flow analysis of ESF, and the simulation results of the spatial
distribution of ESF and their flow patterns under the action of multiple ecological factors will be
more accurate. Seven factors, including land use type, elevation, slope, mountain shadow,
vegetation coverage, distance from rivers, and distance from roads, were selected to construct the
ecological resistance surface. The entropy method combined with the AHP was used to determine
the subjective weights for a comprehensive weighted analysis to establish the weights of each
resistance factor (Table 2). The combined subjective and objective weighting method initially
uses the entropy method based on changes in the original data to determine the weights of each
resistance factor. Subsequently, the AHP is employed in conjunction with expert opinions to
adjust and optimize these weights(Xu, et al.,2024). This approach not only considers the objective
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changes in the data but also fully accounts for the actual importance of each resistance factor in
the ESF, thereby providing a more scientific and reasonable basis for the construction of the
ecological resistance surface. Finally, the comprehensive resistance surface is formed by

overlaying these factors.

Table 2. Weight of resistance factors

Resistance . weigh
Description
factor t
As an important feature of natural topography, elevation has a
significant impact on species migration and ecological processes. In 0.130
Height/(m) resistance surfaces, arecas with higher elevations are often assigned '7
higher resistance values because they can be difficult to traverse,
limiting the migration of species and the flow of ecological services.
The slope reflects the slope of the terrain and has an important
effect on soil erosion and vertical distribution of species. In the 0.099
Slope/ (°)  resistance surface, steep slope areas will set higher resistance values 7
because ecological processes and species migration in these areas are
limited.
Vegetation growth and species activity may be affected in
Mountain ~ mountain shadow area due to poor light conditions. In the resistance 0.114
shadow/(m) surface, these areas are assigned high resistance values to simulate the 2
effects of insufficient light on ecological processes.
Different land use types have different effects on the supply and
Land use demand of ecological se@ices. For example, constrqction lapd and 0.254
farmland pose a large resistance to the flow of ecological services, so
type . . . . . 6
the resistance value of these areas will be relatively high in the
resistance surface.
Vegetation coverage is an important indicator of ecosystem health
Vegetation and biodiversity. In the 'resistance surface, areas with high vegetation 0.149
coverage coYerage have lpwer resistance V?llues, because.these area.s are .usua%lly 7
active in ecological processes, which are conducive to species migration
and the flow of ecological services.
Areas with intensive human activities such as roads may interfere
Byroad  with ecological corridors. In the resistance surface, the resistance value 0.141
distance/(m) of the area near the road is higher to reflect the negative impact of 9
human activities on the ecological process.
Water bodies are an important part of ecosystems and are crucial
for species migration and the flow of ecological services. In the
By water  resistance surface, the resistance value of the area away from the water 0.109
distance/(m) body is higher, because the water body is a key factor in many 2

ecological processes, and the distance from the water body may lead to
the insufficient supply of ecological services.

2.3. Sources of data

All the data in this study were selected in 2020, the spatial resolution of the data to be
gridded was 30m x30m, and the coordinate system was uniformly corrected to the
WGS 1984 Albers projection coordinate system (Table 3).
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Data Source

o ) National Tibetan Plateau Scientific Data Center
Precipitation data and potential

evapotranspiration data (http://data.tpde.ac.cn)

Geographic data platform, School of Urban and
Spatial distribution data of soil types Environmental Sciences, Peking
University(http://geodata.pku.edu.cn)

Data Center for Resources and Environmental

Elevation, normalized vegetation index . . .
’ 8 ’ Sciences, Chinese Academy of Sciences

land use, administrative boundaries, road
network, population and GDP grid data (https://www.resdc.cn/)

Peking University open research data platform

Amap POI (Point of Interest) data ( hitps://doi.org/10.18170/DVN/WSXCNM)

3. Research results

3.1. Supply pattern of ES

Affected by topographic characteristics, the supply pattern of ES in Gansu Province showed
obvious disequilibrium, with obvious differences between the east and the west (Figure 2). The
western part of the region, represented by the Qilian Mountains, has high altitude and abundant
precipitation. However, due to topographic reasons, the water production service supply function
is limited and the regional soil conservation ability is relatively weak. However, the regional
carbon sequestration service supply is relatively rich. In contrast, the lower topography and poor
soil permeability of the eastern region, represented by the Loess Plateau and river valley
landforms, lead to relatively low water production service supply capacity, and soil conservation
service supply is also facing great challenges. However, the eastern region, with its numerous
historical sites, cultural landscapes and natural landscapes, is prominent in the supply of cultural
services.

In terms of environmental services, the high-altitude plateau area is the main supply area of
water production services, while the low-altitude valley and Loess Plateau area face the problem
of insufficient supply of water production services. In the soil conservation supply pattern, for
example, in the middle and lower reaches of the Yellow River, the soil conservation service
supply is relatively low because of the low terrain, poor soil permeability and less regional
precipitation. For example, the forest areas of the Qilian Mountains and the Loess Plateau have
high carbon sequestration capacity, while some nature reserves and ecologically sensitive areas,
such as the Qilian Mountains National Park, provide good habitat quality. In terms of cultural
services, Gansu Province has rich historical and cultural heritage, such as Dunhuang Mogao
Grottoes and Maijishan Grottoes, which have made significant contributions to the supply of
historical and cultural services, while some ethnic minority inhabited areas, such as Gannan
Tibetan Autonomous Prefecture, have unique regional culture and folk customs, which have an
important impact on the supply of regional cultural services. In terms of recreation, natural
landscape and cultural attractions such as Zhangye Danxia landform and Tianshui Fuxi Temple
provide tourists with abundant recreation resources; Qilian Snow Mountain and Yellow River
Valley, these natural beauty and cultural landscape, provide people with aesthetic enjoyment.
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Figure 2. Supply pattern of ES in Gansu Province

3.2. ES demand pattern

The distribution of ES demand pattern in Gansu Province is affected by GDP per capita,
population density, land use intensity and other factors. In Gansu Province, the regions with
higher per capita GDP are mainly concentrated in Lanzhou and its surrounding areas, which are
more advanced in economic development, with higher population density and urbanization level,
and have more urgent demand for ES. The areas with high population density are mainly
concentrated in large cities such as Lanzhou and Tianshui and their surrounding areas. Residents
in these areas have a large demand for ES such as water resources, green space recreation, and
biodiversity protection. The increase of population density also leads to increased pressure on the
supply of ES. With the advancement of urbanization and industrialization, land use intensity has
increased significantly in the eastern part of Gansu Province, especially in Lanzhou and its
surrounding areas. The increase in land use intensity has led to a decrease in the supply of ES,
such as the reduction of green space and the destruction of biological habitats. These changes
have a direct impact on the demand pattern of ES. This is particularly the case with respect to
land resource management and environmental quality improvement (Figure 3).

The pattern of ES demand in Gansu Province shows obvious regional differences. Lanzhou
City and its surrounding areas have a high level of economic development and large population
density, and the demand for ES such as water resources, green space leisure and air quality
improvement is particularly prominent. Other economically developed small and medium-sized
cities in Gansu province, such as Tianshui City and Zhangye City, etc. These cities are also facing
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demands for ES similar to those in Lanzhou, which need to balance ecological protection and
resource utilization while pursuing economic development. The province has a number of nature
reserves and ecologically sensitive areas, and the demand for ES in these areas is mainly reflected
in biodiversity conservation, water conservation, and soil conservation. Gansu Province is rich in
tourism resources, such as Mogao Grottoes in Dunhuang and Zakana in Gannan, etc. The demand
for ES in these regions is mainly reflected in historical and cultural protection, tourism
environment improvement and ecotourism development, etc. With the development of tourism,
the demand for ES in these regions will further increase. In the agricultural concentrated areas of
Gansu Province, such as the Hexi Corridor, the demand for ES is mainly reflected in soil
conservation, water resource supply and agricultural biodiversity protection, etc. With the
advancement of agricultural modernization, the demand for efficient water-saving irrigation
technology, soil improvement and agro-ecological protection in these areas is also rising. To sum
up, the potential demand for ES in Gansu Province is mainly concentrated in cities with fast
economic development, ecologically sensitive areas, regions rich in tourism resources and areas
concentrated in agriculture. The demand for ES in these regions reflects the urgency of seeking a
balance between economic and cultural development and ecological protection in Gansu
Province.

(A)

(B)

Population density
W High: 927.808
b Low: 0

Per capita GDP
P High: 9395.98
e Low:0

()

(D)

LDI : Demand for ecosystem services
P High: 2.66737 P High: 1
b Low: 1.16227 L Low: 0

Figure 3. Demand pattern of ES in Gansu

3.3. Coupling coordination relationship between environment and cultural services
From the perspective of the region as a whole, the environment-culture coupling
coordination degree of Gansu Province shows obvious differences in different terrain and urban
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areas, and the overall coupling coordination degree is general. The western plateau region shows
a high coupling coordination degree because of its rich natural resources and cultural landscape.
On the other hand, the coupling coordination degree of the Loess Plateau and river valley in the
southeast is relatively low due to the influence of urbanization and industrialization (Figure 4).

In terms of spatial distribution, the western plateau area of Gansu Province, such as the
Qilian Mountains and its surrounding plateau area, has a significant vertical ecological gradient
and rich biodiversity due to its high altitude and abundant precipitation, which provides good
natural conditions for environmental services. The natural ecosystems of these regions not only
provide a rich material basis for cultural services, such as historical sites and folk customs, but
also provide good ecological conditions for the supply of environmental services. These areas
generally have relatively intact ecosystems and rich biodiversity, while retaining a greater cultural
heritage and traditional way of life.

The Loess Plateau and river valley areas in the southeast of Gansu Province, such as
Lanzhou and its surrounding areas, are relatively fragile because of flat terrain, high population
density, high urbanization and industrialization. The degree of coupling coordination between
environmental service and cultural service is relatively low. In the process of pursuing economic
development, these regions have caused damage to the ecological environment to a certain extent,
resulting in a decrease in the supply of environmental services. At the same time, with population
growth and economic development, the demand for cultural services is increasing, but the supply
is not growing at the same time, resulting in a decrease in the degree of coordination between
environmental and cultural services.

The transition region is usually located between the high coupling coordination degree
region and the low coupling coordination degree region. These regions have complex topography,
such as the transition zone from plateau to plain, or the junction of ecologically sensitive area and
economic development area. For example, in the transition zone from the Qilian Mountains to the
Loess Plateau, and along the Silk Road Economic Belt. There are rich natural resources and
relatively developed agriculture and industry here, which is an important channel connecting the
east and west of Gansu Province. These regions are facing the double pressure of ecological
protection and economic development and need to rationally plan and use cultural resources while
protecting the ecological environment, so as to realize the sustainable development of
environment and culture.
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Figure 4. Analysis of the coordination degree of environment-culture coupling in Gansu Province

3.4. Analysis of supply-demand relationship of ES

The analysis of the supply-demand ratio of ES in Gansu Province reveals the supply-demand
situation of different ES. According to the supply-demand ratio chart generated by ArcGIS
(Figure 5), the supply-demand ratio of ES in Gansu Province can be divided into four main types:
high supply-high demand, high supply-low demand, low supply-high demand, and low
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supply-low demand.

High supply-high demand area: In the plain area along the Yellow River in Gansu Province,
especially in Baiyin, Dingxi, Tianshui and other places east of Lanzhou City, the supply of water
production services thanks to the abundant water resources of the Yellow River and its tributaries
is high. At the same time, due to the dense population and developed agriculture in this region,
the demand for water resources is correspondingly high. However, overexploitation and use of
water resources has led to a contradiction between supply and demand, especially during the dry
season. In order to maintain the balance between supply and demand of water resources in this
region, it is necessary to implement strict water management and water-saving measures and
improve the efficiency of water resources use. In the agricultural areas of Gansu Province, such as
the Yellow River coastal plain, Taohe River basin, Hexi Corridor, Longnan area, Qingyang area,
etc., the supply of soil conservation services is higher, which is related to the widespread
implementation of soil and water conservation measures in this area. These measures have
effectively reduced soil erosion and increased the productivity of the land. With the advancement
of agricultural modernization, the demand for soil conservation is also growing, and there is a
need to further promote and optimize soil conservation techniques, while strengthening the
protection and restoration of agro-ecosystems.

High-supply-low demand areas: In the Hexi Corridor region of Gansu Province, these
ecosystems play an important role in carbon sequestration thanks to the high supply of carbon
sequestration services in the vast deserts and grasslands of the region. But because the population
is sparse, demand for carbon sequestration services is relatively low. In order to improve the
efficiency of the use of these ES, ecotourism can be considered, while market-based mechanisms
such as carbon sink trading can be strengthened to encourage local residents and governments to
participate in the protection and use of carbon sequestration services. In the marginal areas of the
Qinghai-Tibet Plateau in Gansu Province, such as the Qilian Mountains and the Gannan Plateau,
these areas have a relatively fragile ecological environment due to their high altitude and cold
climate, but they also have unique biodiversity and natural landscapes. In these areas, water
conservation, habitat quality, soil conservation, aesthetic landscape and so on have a high supply.
Due to the small population, poor transportation and low level of economic development, the
demand for these ES by local residents is relatively low. In addition, due to the remoteness of
these areas, the number of external tourists and resource users is also limited, leading to low
demand for ES. In order to protect these precious ecosystems, ecological protection policies need
to be strengthened, while public awareness of the value of ES needs to be raised through scientific
research and educational activities.

Low supply - high demand areas: In the capital city of Lanzhou and other large cities such as
Tianshui City, Zhangye City, Wuwei City, Jiuquan City and Baiyin City, due to the concentrated
population and frequent economic activities, these urban areas have a high demand for ES,
especially in the aspects of history and culture, regional culture, recreation and aesthetic
landscape, etc., due to the ecological environment pressure accompanying the process of
urbanization, The urban green space and leisure facilities in these cities cannot fully meet the
needs of residents, and the supply is relatively low. In addition, these regions have rich historical
sites and cultural traditions, but due to the insufficient protection of cultural heritage in the
process of urbanization, the supply of historical culture and regional cultural services is limited.
In order to meet residents' high expectations and demands for cultural entertainment, leisure
activities, green parks and protection of historical sites, it is necessary to fully consider the
construction of green space system and leisure facilities in urban planning, encourage residents to
participate in outdoor activities and ecological tourism, and strengthen the protection and
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restoration of cultural heritage through cultural activities and tourism development. Improve the
accessibility and attractiveness of these services.

Low supply - low demand areas: In some remote mountain areas of Gansu Province, such as
Dibu County and Luqu County of Gannan Tibetan Autonomous Prefecture, Hezheng County and
Dongxiang County of Linxia Hui Autonomous Prefecture, Min County and Zhang County in the
west and south of Dingxi City, Wen County and Zhangjiachuan County of Longnan City and
Zhangjiachuan County of Tianshui City, etc. These regions are of remote geographical location
with perennial drought and little rain and low vegetation coverage rate. The blind and disorderly
urbanization process has led to lagging infrastructure construction, relatively low level of
economic development, and limited living standards of residents, so the ecological supply
services in these areas are low. However, due to the limited population and economic
development, the lack of universal ecological education and policy guidance, little attention is
paid to the needs of carbon sequestration services in the development process, and the resources
are not fully utilized. In order to promote the sustainable development of these areas, the
development of ecotourism can be considered, while strengthening the construction of

infrastructure to improve the living standards of local residents.
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Figure 5. Distribution of ES supply and demand in Gansu Province

3.5. Spatial distribution characteristics of ESF

The study on the measurement and spatial distribution characteristics of ESF is based on the
spatial matching results of ES supply and demand, and the spatial distribution information of ES
supply and demand is extracted by using the hot spot analysis in ArcGIS software. The hot spot >
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95% is the supply area, and the cold spot > 95% is the demand area. Considering the effect of
patch area size on the overall supply and demand pattern of the study area, the continuous patch
with an area greater than 1km? was selected as the supply and demand area based on the actual
situation of the study area. A resistance surface model (Figure 6) was further constructed to
quantify and simulate barriers to the flow of ES, such as terrain, land use, and transportation
networks. Based on circuit theory, this paper analyzes the transmission and distribution of service
flows in ecosystem networks, and identifies the key ecological connectivity regions, which play a
decisive role in maintaining the continuity and efficiency of ES.
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Figure 6. Construction of ecological resistance surface in Gansu Province

The analysis of ESF in Gansu Province revealed the distribution characteristics of supply
and demand sources of different ES and the flow characteristics of service flows in the province.
The eight charts generated by LinkageMapper showed the supply and demand relationship and
connectivity of different ES. Different types of ES will be analyzed in terms of spatial distribution,
transfer mechanism, flow path, and service value (Figure 7). Environmental service flow:

Water production and service flow supply areas are usually located in the Qilian Mountains
and the upper reaches of the Yellow River in Gansu Province, such as Liujiaxia, Baiyin and other
places (Figure 7A). These areas are important water conservation areas because of the large
volume of glacier snow mountains and rivers. Demand areas are mostly distributed in the plain
areas along the Yellow River, such as Lanzhou, Baiyin and other cities, as well as agricultural and
industrial areas, such as Tianshui, Wuwei, Jiayuguan and other cities. These areas are densely
populated and have high industrial and agricultural water demand. Water resources are transferred
from the supply area to the demand area through natural and artificial channels such as rivers and
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irrigation systems. The transfer of water resources in Gansu Province is affected by topographic
and climatic conditions, such as seasonal precipitation and seasonal changes of rivers. The flow
path of water resources mainly follows the Yellow River and its tributaries, as well as artificial
diversion channels, which are characterized by natural flow from high altitude to low altitude.
Water resources supply is of vital value to ensure agricultural production, urban water supply and
ecological balance in Gansu Province. Proper management and protection of water supply areas
are crucial to maintaining water security throughout the province.

The supply areas of soil conservation service flow are mainly located in erosion-prone areas
such as the Loess Plateau in the eastern part of Gansu Province (Figure 7B). In these areas, soil
loss is reduced through vegetation cover and soil and water conservation measures. Demand areas
include peri-urban areas and transportation arteries, the Yellow River and its tributaries, and
agricultural areas where soil erosion needs to be prevented and land quality improved. The
transfer of soil conservation services is mainly achieved by implementing soil and water
conservation projects, vegetation restoration and other measures. Soil conservation service flows
are mostly small-scale flows, and their paths are reflected in the implementation areas of soil
conservation measures, such as terraces, slope protection, vegetation belts, etc. Soil conservation
services play an important role in ensuring agricultural production, preventing soil erosion and
maintaining ecological balance, and these services are crucial to the food security and ecological
security of Gansu Province.

The regions with hot and cold spots >95% of carbon sequestration services are too few to
form a service flow (Figure 7C). This is because the main ecosystem types in Gansu Province are
desert and grassland, and there are few forests and wetlands with high carbon sequestration
capacity, and their carbon sequestration capacity is low. Coupled with agricultural expansion,
urbanization and industrial development, ecological fragmentation and lack of continuity between
supply and demand regions are no longer analyzed for carbon sequestration service flows.

Habitat quality service flow supply areas are usually located in ecological reserves, national
parks and nature reserves, such as Zhangye National Wetland Park and Qilian Mountain Forest in
Gansu Province (Figure 7D). Demand areas include urban and densely populated areas, degraded
areas affected by human activities such as overgrazing, agricultural expansion and mining, and
biodiversity hotspots requiring protection such as Kongtong Mountain Nature Reserve and forests
and grasslands in Sunan region. The transfer of habitat quality service flow is mainly achieved
through ecological restoration projects and conservation measures, such as afforestation and
wetland restoration. The natural flow path of habitat quality service flow is mainly distributed
along rivers and river systems and topographic gradients. The connecting areas between
ecological corridors and nature reserves provide the transmission channel of habitat quality
service. Transportation networks and ecological restoration projects constitute the flow paths of
human intervention; In addition, ecotourism and environmental education activities promote the
socio-economic mobility of habitat quality services; Government policy support provides
management and planning guidance for service flows. Habitat quality services are important for
maintaining ecosystem health, protecting biodiversity and providing recreational space. These
services play a positive role in improving the quality of life of the population and promoting
sustainable development.

Cultural service flow:

The supply area of historical and cultural services is mainly concentrated in the areas with
important historical sites and cultural attractions, such as Dunhuang, Jiayuguan, Tianshui and so
on (Figure 7E). Demand areas include cities and tourist destinations that are heavily visited by
domestic and foreign tourists. The historical and cultural services are transferred from the supply
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area to the demand area through tourism, education and cultural exchanges. The rich cultural
heritage of Hexi Corridor makes the services highly accessible, and they are more widely
recognized and utilized through tourism promotion and cultural communication activities. The
flow of historical and cultural services is mainly routed through transport networks, especially
road, rail and air routes connecting major cities and cultural attractions. Historical and cultural
services have significant value in promoting local economic development, enhancing cultural
identity and enhancing social well-being. Protecting and inheriting these cultural heritages is
crucial to the soft power and international image of Gansu Province and the country.

Regional cultural service flow supply areas are located in areas with rich cultural heritage
and folk activities, such as Gannan Tibetan Autonomous Prefecture and Linxia Hui Autonomous
Prefecture in Gansu Province, which have unique ethnic customs, religious architecture,
traditional festivals and handicrafts (Figure 7F). Demand areas include groups that have a need
for these cultural resources, such as local residents, domestic and foreign tourists, cultural
researchers and educational institutions. The transfer of regional cultural services is mainly
realized through cultural exchange activities, educational projects, tourism promotion and media
communication. The routes of service flow include cultural and educational centers, museums, art
galleries, traditional villages and cultural sites, etc. Modern communication technology and the
Internet also provide new channels for the dissemination of regional culture, making cultural
service flow no longer limited to the flow of physical space. Regional cultural services are of
great value in maintaining national cultural identity, promoting social harmony, enhancing
regional attractiveness and improving the quality of life of residents, contributing to the
preservation of cultural diversity and supporting local economic development.

The supply area of leisure and entertainment service flow is mainly distributed in areas rich
in natural landscapes and cultural attractions and supporting services around scenic spots, such as
Mogao Grottoes in Dunhuang and Maiji Mountain in Tianshui, while the demand area includes
urban residents and tourists in nearby cities (Figure 7G). Through the development of tourism and
the organization of leisure activities, leisure and recreation services are transferred from the
supply area to the demand area. The routes of the service flow include natural landscape tourism
routes, such as the grassland scenery of Gannan, the forest and snow mountains of Qilian
Mountains, etc. Cultural sites such as the Great Wall site at Jiayuguan; Festival activities such as
Lanzhou Yellow River Cultural Tourism Festival, Tianshui Fuxi Festival and so on; Rural
tourism paths such as farm music, folk experience, etc. Leisure and recreation services are of
great value for improving residents' quality of life, promoting local economic development and
protecting cultural heritage.

The aesthetic landscape service flow supply area is located in the parks and natural scenery
that bring people aesthetic spiritual enjoyment, such as Zhangye Danxia landform, Dunhuang
Mingsha Spring, grasslands, lakes, temples and Tibetan culture in Gannan Tibetan Autonomous
Prefecture (Figure 7H). The demand areas are large cities with concentrated population in the
province, such as Lanzhou and Tianshui, as well as universities and research institutions in the
province that have research and education needs for aesthetic landscape resources. Aesthetic
landscape service is transferred from the supply area to the demand area through tourism
promotion and cultural communication. Flow paths may include tourist routes, cultural exchange
activities, educational projects, etc., which transfer aesthetic landscape resources from the supply
area to the demand area. In order to promote the effective flow of aesthetic landscape service flow,
it is necessary to strengthen the protection and reasonable development of landscape resources,
improve the quality of tourism services, develop cultural and educational projects, and strengthen
tourism publicity and marketing. Aesthetic landscape service is of great value to enhance regional
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image, attract tourism investment and promote cultural inheritance.
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Figure 7. ESF pattern in Gansu Province

4. Ecological function zoning and optimization strategy

Based on the comprehensive consideration of ES supply and demand pattern,
environment-culture coupling analysis, supply-demand ratio analysis and ESF pattern, the
ecological function zoning of Gansu Province was divided. First, according to the number of cold
and hot categories of each service and the status of comprehensive service flow, The
reclassification tool of ArcGIS was used to encode important and non-important regions (Xu, et
al.,2019). The important region code was 1, and the non-important region code was 0. The region
with more than two important regions is assigned code 2, indicating a large number of regions;
code 0 is assigned to regions that are less than or equal to two important regions, indicating a
smaller number of regions (Table 4). Based on this, an integrated ES and ecological function
zoning system was constructed, and Gansu Province was divided into three main regions:
ecological culture protection zone, ecological culture maintenance zone and ecological culture
development zone (Figure 8). Corresponding management countermeasures were proposed for
each management zone.

Table 4. Ecological function zoning system table

8 service supply and Preliminary Comprehensive service Ecological
demand ratio of cold hot zoning flow status management zone
spots
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Figure 8. Ecological function zoning in Gansu Province

Ecological and cultural reserves: This region is mainly located in the Qilian Mountains,
Gannan Plateau, Qinling Mountains and other regions of Gansu Province. These regions are rich
in natural resources and unique ecological environment and are important protected areas of
biodiversity. The coupling and coordination degree of environmental services and cultural
services is high. The natural ecosystems of these regions provide a rich material basis for cultural
services, such as historical sites and folk customs. First, strict ecological protection measures
should be implemented to limit development activities and ensure the integrity of key ecosystems
and cultural heritage, such as the establishment of nature reserves and national parks, and the
strengthening of protection of key ecological areas such as the Qilian Mountains. Second,
ecotourism should be encouraged and supported, such as the development of low-impact hiking
trails, ecological education and cultural experience programs. Use natural landscapes and cultural
heritage to attract visitors, while ensuring that the impact of tourism activities on the ecological
environment is minimized. Finally, local communities should be encouraged to participate in
ecological protection and cultural inheritance, using traditional knowledge and practices for
ecological management, for example, supporting local residents to participate in ecological
monitoring projects, protecting and inheriting traditional agriculture and lifestyle closely related
to the local ecological environment, so as to achieve the purpose of ecological and cultural
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protection.

Ecological culture maintenance area: Ecological and cultural maintenance areas are mainly
distributed in Taohe River Basin, Liupanshan, Hexi Corridor and other areas in Gansu Province.
In the process of pursuing economic development, these areas are faced with the challenges of
ecological environment protection and resource utilization. The supply-demand ratio analysis of
ES in ecological and cultural maintenance areas shows that there is an imbalance between supply
and demand in some services such as water production services and soil conservation. It is
necessary to take effective measures for ecological protection and restoration. The establishment
of ecological cultural conservation areas aims to reduce the pressure on the ecosystem through
ecological restoration and resource management, firstly by implementing ecological restoration
projects such as returning farmland to forest, soil and water conservation projects, as well as
optimizing land use planning and sustainable agricultural practices to reduce the demand for
water resources. Secondly, promote the innovation and development of cultural services through
cultural creative industries and cultural experience projects, such as the development of art works,
handicrafts and cultural festivals themed on local culture, in order to improve the supply of
cultural services. Finally, support the development of green industries and circular economy,
encourage enterprises to adopt environmental protection technologies and clean production
methods, develop green buildings and renewable energy industries, and reduce the negative
impact on the environment.

Ecological Culture Development Zone: Eco-cultural development zones are concentrated in
urban areas of Gansu Province, especially Lanzhou City, Tianshui City and their surrounding
areas. These regions have a high level of economic development and large population density,
and the demand for ES is particularly urgent. The analysis of ESF in eco-cultural development
zones reveals the extensive coverage and rich flow channels of cultural service flow. It shows that
these regions have great potential in the supply of cultural services, and the establishment of
eco-cultural development zones aims to promote the coordinated development of eco-culture
through reasonable land use planning and ecological protection measures. Within the eco-culture
development zone, priority should first be given to the development of green infrastructure, such
as urban green space systems, ecological corridors and public transport networks, to support an
eco-friendly urban development model. Secondly, we should promote the deep integration of
culture and ecology, integrate cultural elements into ecological space through urban renewal and
architectural design, such as the construction of cultural parks and ecological art districts, and
improve the quality of life of urban residents. Finally, incentive policies should be formulated to
encourage the public to participate in ecological protection and cultural inheritance activities. For
example, tax incentives and financial support should be provided to those enterprises and
individuals who have made contributions to ecological protection and cultural inheritance. At the
same time, public education and publicity activities should be carried out to raise the public's
awareness of environmental protection, so as to promote the sustainable development of
ecological, cultural and economic aspects.

5.Discussion

1) Through a comprehensive analysis of the supply and demand pattern of ES in Gansu
Province, this paper applies a variety of methods and models, such as InVEST model, MaxEnt
model and coupling coordination degree model, to conduct a quantitative assessment of the
supply and demand of ES. The research strategy of multi-method integration improves the
scientificity and accuracy of assessment results and provides powerful decision support for
ecological protection and resource management. However, research on ES supply and demand
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still faces some challenges. For example, the quantitative method of service demand is not perfect,
especially for the demand assessment of non-material services such as cultural services, there is a
lack of unified and systematic evaluation system (Brown, et al.,2016). Secondly, the dynamic
changes and trade-offs of ES have not been fully paid attention to. ES are not static, and they
change with time, environmental changes and socio-economic development (Wu, et al.,2019).
Therefore, future research needs to incorporate the assessment of environmental and cultural
ecosystem services into long-term planning, exploring more scientific and comprehensive
evaluation methods to better quantify and assess the value of cultural ecosystem services.
Qualitative and quantitative research methods can be combined, such as expert interviews,
questionnaires, and field surveys, to gain a deep understanding of the specific manifestations and
value perceptions of cultural services and aesthetic values in different regions and among various
groups. At the same time, the research findings from other fields, such as cultural economics and
environmental psychology, can be drawn upon to apply relevant theories and models to the
assessment of ecosystem services, thereby enhancing the accuracy and comprehensiveness of the
evaluation (Harwood, et al.,2015).

2) This paper is innovative in the measurement of ESF. Through the application of
LinkageMapper tool and circuit theory, a spatial flow model of ESF is built. The research
conclusions based on this method not only reveal the spatial distribution characteristics of service
flow, but also provide key information for ecological protection and restoration. However, current
research methods still face some challenges and limitations. For example, circuit theory provides
a powerful analytical framework for ESF, but the complexity of the model may lead to
simplification of the interactions within the ecosystem and may not fully capture all the factors
affecting service flow (Xu, et al.,2024). And existing models often lack sufficient consideration of
the dynamic characteristics of ES over time, which limits our understanding of long-term trends
in service flows. Future studies on ESF need to be expanded and deepened in multiple aspects.
First, more factors such as climate change and human activity intensity can be included in the
model to improve the accuracy of service flow prediction (Urbina-Cardona, et al.,2023). Secondly,
the quantitative method of service flow needs to be further optimized, especially in the aspects of
flow calculation and path optimization, which will help to realize the efficient use of service flow
and maximize ecological protection. In addition, interdisciplinary integration will also be the key
to future development. By combining the theories and methods of ecology, geography, sociology,
economics and other disciplines (Gao, et al.,2023), a more comprehensive analytical framework
can be formed, which is essential for building a more comprehensive and adaptable management
system.

3) According to the ecological function zoning strategy proposed in this paper, Gansu
Province is divided into ecological culture protection area, ecological culture maintenance area
and ecological culture development zone based on the analysis results of ES supply and demand
ratio, environment-culture coupling coordination degree and ESF. This zoning method is
scientific and practical and helps to guide the ecological protection and sustainable development
of Gansu Province. However, the implementation of ecological function zoning needs to be
closely combined with the territorial spatial planning of Gansu Province to ensure the
implementation of the zoning strategy. Future improvement directions include: (1) Strengthening
the connection between zoning strategies and local policies: Ecological function zoning strategies
should be coordinated with local policies, development plans and laws and regulations of Gansu
Province to ensure that the results of zoning can be translated into specific management measures
and action plans. This includes the integration with land use planning, environmental protection
regulations, urban and rural construction planning and other policies (Duan, et al.,2021), as well
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as communication and collaboration with relevant departments to form a complete set of policy
support system; (2) Establish a Long-term Dynamic Monitoring Mechanism: Regularly collect
and update data related to ecosystem services, including data on intangible ecosystem services.
Utilize remote sensing technology, Geographic Information Systems (GIS), and socio-economic
data to analyze the trends and driving factors of ecosystem services over time and space,
identifying key evolution points and influencing factors. On this basis, construct a dynamic
evolution model of ecosystem services to predict their evolution trends under different future
scenarios, providing a scientific basis for long-term planning (Walsh, et al.,2016); (3) Promoting
cross-regional cooperation: The implementation of ecological functional zoning requires
cross-regional cooperation, especially in the protection of ecologically sensitive areas and
ecological corridors (Li, et al.,2024). Through the establishment of inter-regional cooperation
mechanisms, ecological connectivity should be strengthened, ecological protection and
restoration work should be jointly promoted, and resource sharing and ecological benefits should
be maximized. This may involve coordination mechanisms across administrative divisions, as
well as cooperation with neighboring provinces to jointly build ecological security barriers (Li, et
al.,2023). Through these improvements, the ecological function zoning of Gansu Province will be
more scientific and reasonable, providing a solid foundation for realizing regional ecological
security and sustainable development.

6. Conclusion

The supply and demand pattern of ES in Gansu Province showed significant regional
differences. The western region, especially the Qilian Mountains, is an important water
conservation area and carbon sequestration service supply area because of its high altitude and
abundant precipitation. While the eastern region, such as the Loess Plateau and river valley, is
facing the problem of insufficient supply of water production services, it is outstanding in the
supply of cultural services and has rich historical sites and cultural landscapes. The
supply-demand ratio analysis revealed the imbalance between supply and demand in water
resources, soil conservation, habitat quality and aesthetic landscape in Gansu Province, especially
in densely populated areas with rapid economic development, the demand for ES is more urgent.

The coupling coordination degree of environmental and cultural services in Gansu Province
shows obvious differences in different terrain and urban areas. Because of its rich natural
resources and cultural landscape, the western plateau region shows a high degree of coupling and
coordination. On the other hand, the coupling coordination degree of Loess Plateau and river
valley in the southeast is relatively low due to the influence of urbanization and industrialization.
This shows the need for better coordination and balance between ecological and environmental
protection and cultural inheritance in the pursuit of economic development.

The analysis of ESF shows that environmental service flow and cultural service flow in
Gansu Province show different flow paths and connectivity. Water production service flows
mainly along the Yellow River and its tributaries, while historical and cultural service flows are
transmitted between different regions through tourist routes and cultural exchange activities. The
flow of habitat quality services is affected by natural and human factors and needs to be
optimized by ecological restoration and protection measures. The aesthetic landscape service flow
depends on tourism promotion and cultural communication, as well as policy support and
marketing.

Based on the analysis results of ES supply and demand ratio, environment-culture coupling
coordination degree and ESF, Gansu Province is divided into ecological culture protection area,
ecological culture maintenance area and ecological culture development zone. Ecological and
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cultural reserves are mainly located in areas rich in natural resources and cultural landscapes, and
strict protection measures need to be implemented. The ecological culture maintenance area faces
the challenge of ecological environment protection and resource utilization and needs to promote
the coordinated development of ecological culture through ecological restoration and resource
management. Ecological culture development zones are concentrated in urban areas, aiming to
promote the coordinated development of ecological culture through rational land use planning
and ecological protection measures. These zoning strategies need to be closely integrated with the
territorial spatial planning of Gansu Province to ensure their effective implementation.
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