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Abstract

Cultural ecosystem services (CES) provide non-material benefits that support human well-
being and motivate ecosystem conservation, yet their subjectivity and spatial ambiguity
complicate quantitative assessment and management. Taking the Changbai Mountain
tourism area as a case, we adopted the ecosystem service matrix method to assess the CES
supply score based on the natural system and human system. The service coverage density
was obtained through accessibility, thereby quantifying the available supply index for each
tourist source area. In addition, we quantified CES demand using a questionnaire survey.
Demand for 10 CES types was measured via preference ranking and integrated with the
entropy weight method; statistical analysis and GIS mapping were used to examine spatial
patterns and influencing factors. Results show that: (1) The overall CES demand in the
Changbai Mountain tourism area exhibits clear spatial differentiation, with higher demand
in the central and eastern regions and lower demand in the northwest. High-demand areas
are mainly concentrated in cities relatively close to the Changbai Mountain tourism area.
(2) Among individual CES, recreation (r = 6.58), natural landscapes (r = 6.35), and aesthetic
value (r = 6.19) receive the highest demand, and demand structure is significantly associ-
ated with occupation, education level, consumption level, and spatial distance. The results
indicate that cultural services dominated by knowledge-based services are significantly
positively correlated with educational level (r = 0.549, p < 0.001). (3) CES supply capacity
shows strong seasonal fluctuations, and is frequently overloaded during peak seasons, lead-
ing to prominent supply—demand conflicts; with the exception of Shenyang, Dalian, Jilin
and Anshan, the other 17 cities exhibit supply-demand imbalance. By integrating multiple
CES types and multiple drivers, this study reveals spatial matching patterns of CES supply
and demand in a complex mountain ecotourism region and provides evidence to support
ecotourism management, service capacity improvement, and sustainable development.

Keywords: mountain tourism; cultural ecosystem services; spatial matching; tourism
planning

1. Introduction

Cultural ecosystem services (CES) are regarded as the intangible benefits that humans
obtain from ecosystems through spiritual satisfaction, cognitive development, reflection,
recreation, aesthetic experiences, etc. [1]. These services include various CES, such as
cultural heritage, spiritual and religious values, recreation and leisure, etc. [2,3]. CES can
offer health and wellness benefits, as well as opportunities for outdoor recreation, helping
individuals maintain their physical and mental health and enhance their quality of life [4].
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At the same time, by offering diverse natural landscapes and organisms, CES contributes
to raising public awareness of ecosystem conservation [5]. However, compared with
other ecosystem services, CES are often considered subjective and difficult to quantify [2].
Furthermore, the ambiguous spatial unit of CES also poses challenges for assessment and
mapping [6].

The supply of CES refers to the capacity and process through which ecosystems
deliver CES to human society based on their structure, functions, and cultural attributes [7].
Ghasemi et al. [8] argue that the spatial regions with ecotourism potential, landscape
recreation value, and suitability for ecotourism activities can be identified as supply areas
for recreation services. For example, wetlands that attract bird habitats serve as supply areas
for birdwatching services, and regions equipped with coastal stairs and other infrastructure
are supply areas for recreational services [9]. Currently, an increasing number of studies
assessing CES supply capacity have focused on outdoor recreation and leisure [10,11],
mainly using approaches such as the travel cost method (TCM), contingent valuation
method (CVM), and willingness to pay (WTP) method [12-14]. As greater attention has
been paid to the experience of CES, the recreation opportunity spectrum (ROS) method has
been developed [15,16]. However, studies addressing health and wellness values, scientific
research values, and aesthetic values remain limited. Overall, the existing evaluation system
for CES is still incomplete, and the research content is relatively narrow. Systematic research
on the supply-demand relationship of CES will help to expand the depth of CES research.
The demand for CES generally refers to the total amount of CES used by people within a
given time period and region [17]. In the process of CES provision, mainly non-marketized
CES, such as inspiration and religious values, are provided [18], while only a small portion
involves significant marketized CES, such as tourism services [18,19]. In addition, CES
demand mapping is commonly based on the addresses of service beneficiaries [20] or on
locations where beneficiaries directly enjoy services from a landscape perspective [21].

In recent years, the quantitative assessment of the supply—demand relationship of CES
has advanced. Zhang et al. [22] identified respondents’ preferences for various CES through
a questionnaire survey, quantified the supply of CES on the Qinghai-Tibet Plateau using
the SolVES model, and quantified CES demand using kernel density estimation based on
tourism websites. They categorized both supply and demand into four levels based on
their mean values to generate different supply—demand combinations and further evalu-
ated CES supply—demand relationships using a bivariate matrix approach. Liu et al. [23]
evaluated the supply—demand relationship of recreational services in Guangzhou through
hotspot analysis. Peng et al. [24] applied an ecosystem services matrix to calculate the
supply—demand budget for recreation, ecotourism, and landscape aesthetic services in
the Pearl River Delta, using a supply-demand index to represent the balance level. The
assessment of CES supply—-demand relationships can also be achieved by constructing a
supply—demand indicator system and using the entropy weight method to calculate a cou-
pling coordination index to evaluate the degree of matching [25]. In general, quantitative
assessment methods for CES supply—demand relationships remain limited and are mainly
concentrated on recreational services. Therefore, it is necessary to broaden the range of
service types and adopt appropriate methods for evaluating supply—demand relationships.

In terms of spatial scale, as the CES supply-demand assessment continues to develop,
many studies have focused on medium- and small-scale landscapes such as watersheds,
green spaces, protected areas, and urban regions [17,26-28], but research on tourism
areas at larger spatial scales remains limited. As a typical complex ecotourism region
in Northeast China, the Changbai Mountain tourism area is one of the world’s most
well-preserved forest ecosystems [29]. The Changbai Mountain region is rich in tourism
resources, with volcanic landforms as the core feature, supplemented by fluvial and glacial—-
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periglacial landscapes, diverse flora and fauna, and unique folk culture and cultural
landscapes. From April to October, the climate in the Changbai Mountain tourism area is
relatively comfortable [30], and its unique and tourism landscapes attract a large number of
tourists, resulting in significant seasonal fluctuations in tourist arrivals. The development
of infrastructure and transportation has significantly enhanced the CES supply capacity of
the Changbai Mountain tourism area. Therefore, taking Changbai Mountain as the study
area to systematically analyze its CES supply characteristics, demand structure, and spatial
matching relationships not only helps to reveal the unique patterns of CES supply and
demand in a composite ecotourism region but also provides methodological references and
case support for ecosystem services research in large-scale, highly heterogeneous regions.

As a composite ecotourism region, Changbai Mountain’s research particularity lies
in its integration of a nature reserve, a world-class tourist destination, the cradle of mul-
tiple ethnic cultures, and a sensitive mountain ecosystem, thus forming a more complex
social-ecological system than a single-type protected area. This study selects the Changbai
Mountain tourism area as the research site to explore the internal mechanisms of CES
supply—demand relationships. The goal is to identify the causes of supply—demand im-
balances and, through scientific spatial governance, transform the immense utilization
value of CES into an internal driving force for ecological conservation and the sustainable
development of the tourism area. This research uses the annual tourist reception capacity
to represent CES supply capacity, quantifies demand through preference analysis for 10 in-
dividual cultural services (e.g., natural landscapes), and derives the overall demand for
CES using the entropy weight method. The supply—demand relationships and influencing
factors are analyzed with IBM SPSS Statistics 27. Finally, ArcGIS 10.2 is used to map
demand levels and supply—demand balance, providing data support for the management
and construction of the tourism area.

2. Materials and Methods
2.1. Study Area

The Changbai Mountain region is located in southeastern Jilin Province, China, on
the border with the Democratic People’s Republic of Korea. It is the highest mountain
range on the eastern coast of the Eurasian continent. The officially verified area of the
nature reserve is 196,465 hm? (1993). The center of the study area is located at 127°48'00" E,
41°57'36" N. Its core landmark, Tianchi (a crater lake), is situated at the main peak of
Changbai Mountain in the North Scenic Area of Erdaobaihe Town, Antu County. It serves
as the source of the Songhua River, the Tumen River, and the Yalu River, forming a radially
distributed river system. The study area has a temperate continental mountain climate
influenced by monsoons, characterized by dry and windy springs, warm and humid
summers, cool autumns, and long, cold winters. The average annual temperature ranges
from 2 to 5 °C, and the cumulative annual precipitation ranges from 600 to 1000 mm [29].
The Changbai Mountain area offers a wide variety of tourism types, with ecotourism as
the core, integrated with leisure vacation and cultural experience. Its major scenic spots
include Tianchi, Changbai waterfall, alpine garden, julong spring, Jinjiang gorge and other
attractions. The location of the study area is shown in Figure 1.
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Figure 1. Location of Study Area.

2.2. Data Sources and Processing
2.2.1. Questionnaire Survey

To assess the demand characteristics of CES in the Changbai Mountain tourism area,
this study employed a questionnaire survey method. The objective was to directly capture
tourists” subjective perceptions and preferences for 10 specific CES types, providing a
database for subsequent calculation of demand indices. In addition, the survey enables
analysis of heterogeneity in CES demand among tourist groups with different sociodemo-
graphic characteristics and travel behaviors. Linking tourists’ residential locations with
their CES demand data facilitates the mapping and analysis of spatial demand patterns.

The questionnaire consisted of four main parts:

1.  Basic respondent information, including gender, age, occupation, place of residence,
education level, and consumption level;

2. Travel information: travel season, number of visits, duration of stay, and transporta-
tion mode;

3. Satisfaction with services provided by the tourism area and suggestions for improvement;

4. Importance ranking of 10 cultural services: natural landscapes, landform fea-
tures, aesthetic value, recreation, health and wellness value, plant appreciation,
scientific research, ecological knowledge, environmental education, and cultural
value [2,3,22,31-33]. Respondents assigned scores based on their personal perceptions.

A total of 163 questionnaires were distributed between October and November 2025,
with a response rate of 100%. Among them, 153 questionnaires were valid, accounting for
93.87% of the total sample. The respondents’ ages covered five ranges: under 18, 18-35,
36-50, 51-65, and over 65. Respondents under 50 years old accounted for 93.46% of the
sample. Students and company employees accounted for 45.75% and 47.71%, respectively,
and 71.24% of respondents had a bachelor’s degree or above.
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2.2.2. Statistical and Map Data

Statistical data, including the annual number of visitors received by the main Chang-
bai Mountain tourism area, were obtained from the Administrative Committee of Chang-
bai Mountain Protection and Development Zone, Jilin Province (AC of CBMPDZ, Jilin
Province), and were used to assess CES supply. Vector maps were obtained from the Na-
tional Platform for Common Geospatial Information Services, and all base maps were used
with the Albers equal-area conic projection for CES demand mapping and supply—-demand
relationship visualization.

2.3. Supply Assessment
2.3.1. Weight Determination Using Analytic Hierarchy Process

To determine the relative importance of different components in CES supply, we
employed the Analytic Hierarchy Process (AHP) [34]. The AHP procedure involved
three steps:

1.  Constructing a pairwise comparison matrix using Saaty’s nine-point scale (1 = equally
important, 9 = extremely more important);

2. Calculating the eigenvector to derive the weights;

3. Checking the consistency of the judgments using the consistency ratio (CR), where
CR < 0.10 is considered acceptable.

Based on the cultural ecosystem services assessment framework proposed by Burkhard
et al. [19,35,36], the CES supply is jointly determined by natural and human systems. A
panel of five experts with backgrounds in tourism geography and ecosystem services was
invited to perform pairwise comparisons. Considering that the natural system serves
as the core foundation and value source of CES, while the human system mainly plays
a supporting and realizing role, the expert panel assigned a value of 2 (weak or slight
importance) to the comparison “Natural system—-Human system”. The resulting judgment
matrix and weights are shown in Table 1.

Table 1. Natural system—human system judgment matrix and weights.

CES Supply Assessment in the
Changbai Mountain Tourism Area

Natural System 1 2 0.67
Human System 1/2 1 0.33

For a2 x 2 matrix, Amax =7 =2, CI =0, RI = 0, CR = 0, automatically satisfying consistency.

Natural System Human System  Weight

Following the same procedure, the weights for the seven sub-dimensions (three natural
system dimensions and four human system dimensions) were calculated. The complete
pairwise comparison matrices for all sub-dimensions are provided in Appendix A.

2.3.2. Scoring Criteria and Seasonal Assessment

Each dimension was scored on a five-point scale (1 = very low, 2 = low, 3 = medium,
4 = high, 5 = very high) based on expert evaluation informed by official statistics and field
observations. The specific scoring criteria are shown in Appendix A. Additionally, based
on the tourist flow and other data provided by AC of CBMPDZ, Jilin Province, scores
were assigned to each CES dimension (Table 2). The comprehensive CES supply scores for
different seasons (S,) were obtained via weighted summation with the specific calculation
formula as follows:

Sy =067x Y Gy x Cp+033x Y, Hyr x Eg, (1)
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Table 2. Natural System and human system supply.
Indicator . CES . . Main .
System Weight Dimension Weight Basis Reference Scoring Results
natural There are Tianchi, Changbai Waterfall, . Spring: 3
. Schirpke Summer: 5
landscape and 0.5396 underground forest, and vertical
. etal. [37] Autumn: 4
aesthetic value band spectrum . )
Winter: 5
There are distinct landscapes in different Spring: 2
Natural seasons, including ice and snow scenery, Canedol Summer: 5
Svstem 0.67 rest potential 0.1634 red maple forests, and flower seas. The anedoli
Sﬁ 1 ) ’ forest coverage rate is 87.7%, and the et al. [38] Autumn: 2
PPy maximum negative oxygen ion Winter: 4
concentration reaches 120,000 per cm’. ’
Spring: 3
. There are species gene banks, models of pring .
science and 0.2970 A : i " d Xu et al. Summer: 5
education value . emperate mountain ecosystems, and a [39] Autumn: 3
scientific research base. . .
Winter: 4
recention There are about 40,000 beds, accessible by 7h SSII):;g;-ZZ
P 0.1404  high-speed rail and airport, and the daily ang ummer:
capacity carrying capacity is up to 40,000 visitors etal. [40] Autumn: 4
ymg capacity 1s up ! ’ Winter: 3
There are more than 1400 restaurants, Spring: 2
. L complete plank roads and viewing Zhang Summer: 3
o service facilities  0.3952 platforms, and an appointment and visitor et al. [40] Autumn: 4
uman diversion system has been established. Winter: 4
System 0.33
Supply Spring: 3
cultural value 0.2322 Changbai mountain is the birthplace of Canedoli Summer: 3
’ Manchu and Korean cultures. etal. [38] Autumn: 3
Winter: 3
t Spring: 2
madnaigem.en 0.2322 Zonal management and UAV monitoring Chan et al. Summer: 3
and planiung ) are implemented in the tourism area. [7] Autumn: 3
skills .
Winter: 4

Among them, G, represents the score of the p-th dimension of the natural system in
season r, C represents the weight of the p-th dimension of the natural system, H,, represents
the score of the g-th dimension of the human system in season r, and E; represents the
weight of the g-th dimension of the human system.

Subsequently, the overall CES supply score (S;) for the Changbai Mountain Tourist
Area was calculated using the following formula.

5, = L=t Sr @)
t
where t denotes the number of seasons.

Recent studies have emphasized that focusing only on annual or interdecadal changes
in ecosystem service supply and demand may ignore critical seasonal variations, which can
have substantial impacts on human well-being and sustainable development [41]. Indeed,
seasonal factors significantly influence people’s preferences for and consumption of cultural
ecosystem services [42].

The scoring was conducted separately for four seasons (spring, summer, autumn, win-
ter) to capture the pronounced seasonal variability in CES supply in the Changbai Mountain
region. Although some human system dimensions, such as reception capacity and service
facilities, are physically fixed in terms of infrastructure stock, their effective availability
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varies significantly across seasons due to differences in operational status, staffing levels,
and visitor management strategies during peak versus off-peak periods [43,44]. Seasonal
scoring therefore provides a more realistic representation of the actual supply available to
tourists throughout the year.

2.3.3. Accessibility and Supply Availability

The three core accessibility indicators of traffic time, traffic mode, and traffic frequency
obtained from Railway 12306 and AutoNavi Map API are obtained by the entropy weight
method and the min—-max normalization method to obtain the supply accessibility index
(A;) of each source i. The actual available CES supply index S; for each tourist source region
i is obtained by multiplying the CES supply source intensity (S;) of the tourist area and
the accessibility (A;) of the source region, which quantifies the spatial radiation of the CES
supply capacity of the Changbai Mountain tourism area to tourist source regions [45]. The
formula is as follows:

Si =S54 X Ay, 3)

This multiplicative formulation is methodologically grounded in two established
traditions. Firstly, in accessibility research, the potential model, first proposed by Hansen
et al. [46] and comprehensively reviewed by Geurs et al. [47], defines the accessibility
of a location as the sum (or product) of opportunities weighted by a travel impedance
function—a mathematical form analogous to our formulation. Secondly, in tourism geog-
raphy, the gravity model similarly models interaction flows as the product of destination
attractiveness and a function of accessibility [48]. Within the CES assessment literature,
studies have operationalized this logic by combining attractiveness and accessibility in-
dices to derive comprehensive service indices. For example, Shang et al. [49] explicitly
employed this approach in a tourism-oriented region in China, combining attractiveness
and accessibility indices to derive an integrated ecosystem service index.

Empirically, recent studies have validated the importance of accessibility in shaping
CES actual utilization. Crouzat et al. [50] examined CES actual use in mountain protected
areas and found that accessibility alone could explain approximately 50% of the variability
in CES use, and when combined with supply intensity indicators, the explanatory power
reached nearly 80%. This finding underscores that accessibility is not merely a secondary
factor but a primary determinant of whether supply capacity translates into actual benefits.

Therefore, for a large mountain ecotourism destination like the Changbai Mountain
tourism area, it is methodologically defensible to calculate the actual supply index available
to source markets as the product of supply intensity (S,) and accessibility (4;).

2.4. Demand Quantification and Mapping

To quantify and visualize the spatial patterns of CES demand, this study, based on
questionnaire data, first calculated indices for individual CES demand and overall CES
demand, followed by spatial classification, mapping, and analysis of influencing factors.

2.4.1. Quantification of Individual CES Demand

Respondents ranked the importance of 10 CES. The highest-ranked service was as-
signed a value of 10, decreasing sequentially to 1 for the lowest-ranked service. This value
(W,y) represents the relative preference intensity of tourist y for service x.

The relative demand intensity index for individual CES (W) was calculated as follows:

L

W,y — 4)
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where W, represents the relative demand intensity index of cultural service x (x = 1-10,
corresponding to natural landscapes, geomorphological features, aesthetic value,
etc. [2,3,22,31-33]); W,y represents the assigned value of the preference intensity of tourist
y from the tourist origin for cultural service x; and 7 is the number of valid tourist samples
from that origin.

2.4.2. Quantification of Overall CES Demand

To integrate the 10 services into a comprehensive demand index and objectively
determine the contribution weight of each service, the entropy weight method [51] was
applied to calculate the weight of each service (Table 3). The comprehensive CES demand
index (D;) was calculated as:

Di = Z]m=] Sj X xij/ (5)

where D; is the overall CES demand score of sample i; s; is the entropy weight of indicator j;
x;j is the original value of the j-th demand indicator for sample i; and m is the total number
of indicators.

Table 3. Weight of the demand for a single cultural service determined by the entropy weight method.

Cultural Service Items Indicator Weights
recreation 0.1958 (19.58%)
scientific research 0.1237 (12.37%)
natural landscapes 0.1215 (12.15%)
aesthetic value 0.1175 (11.75%)
landform features 0.0967 (9.67%)
ecological knowledge 0.0847 (8.37%)
environmental education 0.0714 (7.14%)
cultural value 0.0692 (6.92%)
health and wellness value 0.0650 (6.50%)
plant appreciation 0.0544 (5.44%)

2.4.3. Visualization of Quantification Results

For comparison and visualization, the calculated individual CES demand indices (Wy)
and the comprehensive CES demand index (D;) were normalized to the [0, 1] range via
the min—-max normalization method. Based on equal-interval classification, normalized
demand intensity was divided into five levels: low demand (0-0.2), relatively low demand
(0.2-0.4), medium demand (0.4-0.6), relatively high demand (0.6-0.8), and high demand
(0.8-1) [52].

Tourists” permanent residence information was used for spatial localization. The com-
prehensive CES demand values (D;) and their classified results were visualized by adminis-
trative units in ArcGIS 10.2 to generate a spatial differentiation map of total CES demand.

2.4.4. Correlation Analysis of Demand Influencing Factors

To explore the driving mechanisms of CES demand patterns, this study selected
potential influencing factors for analysis, including spatial factors (geographic distance
between tourist origin and the Changbai Mountain tourism area), socioeconomic factors
(occupation and consumption level), and temporal factors (travel season).

Since some variables, such as distance and consumption level, may not follow a nor-
mal distribution, and occupation is a categorical variable, bivariate correlation analyses
were conducted using IBM SPSS Statistics 27 with Spearman’s correlation coefficient at the
individual tourist sample level to examine the relationships between these variables and
both the demand for individual cultural services (W,) and the total demand for cultural
services (D;). The significance level was set at o« = 0.05 with a two-tailed test, allowing iden-
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tification of the main factors influencing individual and overall CES demand. Meanwhile,
this study conducted a variance inflation factor (VIF) test on all independent variables. The
results show that all VIF values were less than 10, indicating no severe multicollinearity.

2.5. Supply—Demand Balance Assessment
Quantification of the Supply-Demand Ratio of the Source Area

The formula is consistent with the classic assessment paradigm, and the results can
directly determine the level of supply—-demand balance. The formula is as follows:

SR; = —, (6)

where SR; is the CES supply demand ratio of tourist source region i.

3. Results

3.1. Supply
3.1.1. Supply Characteristics

The CES of the Changbai Mountain tourism area relies on its distinctive volcanic
landforms, forest ecosystems, ice and snow resources, and folk culture. The supply of CES
exhibits pronounced seasonal fluctuations. Summer and winter are peak seasons, autumn
is a shoulder season, and spring is the low season. Among them, the comprehensive CES
supply indices (raw data) are Spring: 2.62; Summer: 4.29; Autumn: 3.42; Winter: 4.22. In
summer (June-August), due to the advantages of escaping the summer heat and alpine
landscapes, the supply of ecotourism services reaches its annual peak, with tourist flows
concentrated on weekends and holidays. In winter (December-February of the following
year), relying on ice and snow resources, the supply of services like ice and snow tourism
and hot spring experiences forms a secondary peak. In autumn (September-November),
the supply level is relatively lower, mainly due to the short duration of the unique autumn
foliage landscape. In spring (March-May), landscapes are relatively monotonous during
the snowmelt period, resulting in the lowest service supply level throughout the year. In
2025, the main tourism area of Changbai Mountain received 3.6773 million visitors, and its
annual reception capacity has shown a long-term upward trend.

3.1.2. Supply Capacity Assessment

In 2025, the main tourism area of Changbai Mountain received 3.6773 million visitors,
and its annual reception capacity has shown a long-term upward trend. During the peak
season, the tourism area operates in an overloaded state, leading to considerable ecological
pressure. The occupancy rate of hotels and guesthouses in the core area exceeds 90%,
with temporary price increases observed in some surrounding villages. Service quality
declines, and the utilization rates of facilities such as viewing platforms, restrooms, and
rest areas reach saturation, while maintenance of some facilities is not timely. In contrast,
during shoulder and low seasons, the carrying capacity of the tourism area is underutilized.
Overall resource use efficiency is low, service supply is excessive, and facility utilization
rates are below 20%, leading to high operating costs.

3.2. Demand
3.2.1. Overall Demand

High-demand areas are located in Changchun, Tonghua, Baishan, and Yanbian Korean
Autonomous Prefecture. Relatively high-demand areas are found in Jilin City, Siping,
Songyuan, and Shenyang. Medium-demand areas include Liaoyuan, Anshan, Yingkou,

https://doi.org/10.3390 /land 15040650


https://doi.org/10.3390/land15040650

Land 2026, 15, 650

10 of 23

Mudanjiang, Harbin, and Daqing. Relatively low-demand areas include Dalian, Jinzhou,
Heihe, and Jiamusi. Low-demand areas include Hegang, Qigihar, and Baicheng (Figure 2).
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Figure 2. Rank map of overall demand for CES in Changbai Mountain tourism area.

The overall CES demand in the Changbai Mountain tourism area is strongly correlated

with distance, moderately correlated with respondents’ occupation, weakly correlated

with consumption level and education level, and shows no correlation with travel season

(Table 4).

Table 4. Influencing factors for the overall demand of CES in Changbai Mountain tourism area.

Influencing Factors Distance  Occupation Conilér‘llihon Ed;j:::lon g:::;lll Ogjﬂlrifs
Distance 1 0.326 ** —0.083 0.371 ** 0.050 0.473 **
Occupation 0.326 ** 1 —0.336 ** 0.319 ** 0.044 0.600 **
Consumption Level —0.083 —0.336 ** 1 —0.199 * 0.103 —0.269 **
Education Level 0.371 ** 0.319 ** —0.199 * 1 0.087 0.460 **
Travel Season 0.050 0.044 0.103 0.087 1 0.107
Overall CES Demand —0.605 ** —0.456 ** 0.167 * 0.187 * —0.105 1

Note: ** indicates significance at the 0.01 level, * indicates significance at the 0.05 level.
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3.2.2. Demand for Individual Cultural Ecosystem Services

Demand for recreation, natural landscapes, and aesthetic value is high. Demand
for landform features, cultural value, environmental education, scientific research, and
ecological knowledge is moderate, while demand for plant appreciation and health and
wellness value is low (Table 5). The high demand for recreation, natural landscapes,
and aesthetic value indicates that while people pursue self-fulfillment, they also seek
harmonious relationships between humans and nature. This pattern may be attributed to
socioeconomic development, environmental change, and educational influences.

Table 5. Demand of individual CES in Changbai Mountain tourism area.

Cultural Service Items Important Value
recreation 6.58
natural landscapes 6.35
aesthetic value 6.19
landform features 5.70
cultural value 5.37
environmental education 5.25
scientific research 5.07
ecological knowledge 5.03
plant appreciation 4.81
health and wellness value 481

Demand for recreational services shows a significant negative correlation with distance.
Demand for natural landscapes and plant appreciation shows no significant correlation
with distance, while the remaining seven CES types exhibit relatively weak correlations
with distance (Table 6). High-demand areas for recreational services are concentrated in Jilin
Province, mainly in Changchun, Tonghua, Yanbian Korean Autonomous Prefecture, and
Baishan. Relatively high-demand areas are primarily located in Jilin City and Songyuan.
In addition to the distribution of core tourism areas in Yanbian Korean Autonomous
Prefecture and Baishan, the region also contains other free-access natural parks, facilitating
local residents’ visits to the broader Changbai Mountain tourism area. Moreover, residents
of Changchun exhibit a high demand for recreational services due to a stronger local
identity with ice and snow tourism and ecotourism. Jilin Province has also continuously
introduced policies such as integrated tourism area tickets and direct shuttle services,
boosting the tourism enthusiasm of Changchun residents, who primarily travel in the
forms of family trips and team-building activities (Figure 3).

Table 6. Influencing factors of demand for individual CES in Changbai Mountain tourism area.

Influencing T::;Tl Plant Ap- E;)II::J%; fl Landform Scientific Environmental Aesthetic Cultural Recreation va,:ll;};:;d
Factors preciation Features Research Education Value Value
scapes edge Value
Distance —0.067 —0.008 0.444 * 0.371 ** 0.494 * 0.164* —0256%  —0246*  —0.634* —0.382 %
Occupation ~ —0.186* —0.114 0.525 ** 0.455 ** 0.626 ** 0.322 % —0357*  —0359*  —0.575% —0.476 *
C"f'e‘fé‘lpt“’“ 0.182* 0.109 —0.326 ** —0.187* —0.290 ** —0.088 —0.006 0.098 0.277 ** 0.300 **
Edfgjgl"“ —0.446 ** —0.341 * 0.423 ** 0.335 ** 0.549 ** 0.137 0225%  —0266*  —0A435%* —0.336 *
gg:;’(f; 0.067 0.069 0.049 0.017 0.162* —0.044 ~0.107 —0.086 —0.116 —0.018

Note: ** indicates significance at the 0.01 level, * indicates significance at the 0.05 level.
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Figure 3. Demand rank map of recreation service.

As shown in Table 4, the demand for natural landscapes, recreation, and health and
wellness value is significantly positively correlated with consumption level, indicating
that high-consumption tourists prioritize experiential sightseeing and leisure vacations. In
contrast, the demand for ecological knowledge, landform features, and scientific research
services is significantly negatively correlated with consumption level, mainly because
low-consumption groups are dominated by students whose travel purposes are often
education-oriented, with a stronger demand for specialized knowledge. Demand for eco-
logical knowledge, landform features, scientific research, and aesthetic value is significantly
positively correlated with education level, suggesting that tourists with higher education
levels pursue higher-level spiritual values and more specialized services. Travel season
is only positively correlated with demand for scientific research services, reflecting the
seasonal characteristics of scientific research activities in the Changbai Mountain region,
while other CES demands are relatively evenly distributed across seasons.

3.3. Supply—Demand Balance Analysis

Most tourists stay in the tourism area for 6-8 h, focusing on core attractions such as
Changbai Waterfall, Underground Forest, and Tianchi. Due to the spatial dispersion of
attractions, peak-season tourism places substantial pressure on transportation capacity,
catering services, and tourism services in the Changbai Mountain tourism area. Currently,
the shuttle bus capacity in the core tourism area is insufficient during the peak season,
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with tourists” waiting times exceeding 1.5 h, and it is difficult to book some cultural
experience programs. Local government authorities have explicitly identified limited
supply capacity as a major constraint on tourism development. Therefore, the CES supply-
demand conflict in the Changbai Mountain tourism area primarily stems from insufficient
supply. Meanwhile, based on expert experience, the obtained supply—-demand ratio (SR;)
of different cities was classified into five intervals, where a high value denotes oversupply
and a low value indicates undersupply. As shown in Figure 4, cities with significant
oversupply include Baishan, Tonghua, and Yanbian Korean Autonomous Prefecture. Cities
with basically balanced supply and demand comprise Shenyang, Dalian, Jilin City, and
Anshan, whereas 14 cities such as Changchun and Harbin exhibit undersupply.
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Figure 4. Supply-demand shortage of CES in Changbai Mountain tourism area.

4. Discussion
4.1. Discussion on CES Supply and Demand Assessment Methods

In recent years, research on CES demand has remained relatively narrow in scope,
and research methods have not yet been standardized. Differences in service types and
beneficiaries lead to variations in assessment methods and indicators. Therefore, identifying
appropriate indicators is a critical first step in CES demand evaluation [53]. Currently, the
evaluation indicators for most cultural service demands are mainly reflected through social
preferences and willingness to pay [9,54], and the research methods are primarily focused
on the ecosystem services matrix and questionnaire surveys. Hattam et al. [55] applied the
ecosystem services matrix to calculate the demand for recreational services, cultural and
religious activities, and educational services. Song et al. [56] used questionnaire surveys to
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obtain satisfaction scores for urban parks, thereby identifying demand levels. In addition,
social media data have increasingly been used to quantify CES demand [22,57].

The ecosystem services matrix is a scoring matrix method based on land cover types
to study the intrinsic connections between CES supply and demand, and its advantage
lies in its flexibility and wide applicability [35]. However, variability in expert judgment
quality can reduce the accuracy of results [58]. In the process of evaluating the supply of
CES, experts often base their assessments on idealized ecological principles, overlooking
interferences such as on-site visitor crowding and weather changes. Moreover, the experts
participating in the scoring may be well-versed in internationally recognized CES evalu-
ation indicators but may not necessarily have a deep understanding of the unique CES
supply in the Changbai Mountain tourism area. When using questionnaire surveys to
analyze CES supply-demand perceptions, respondents’ subjective preferences and psycho-
logical states can significantly influence the demand evaluation results [59]. When filling
out questionnaires, particularly in visually striking scenic areas like Changbai Mountain,
visitors are often in a state of heightened excitement at the peak of their experience. This
emotional state may lead them to confuse their actual needs with momentary perceptions.
Overall, the methods for evaluating CES supply and demand face two main issues. On
the one hand, the supply assessed by experts using the ecosystem service matrix and the
demand perceived by visitors essentially represent the superimposition of two subjectivi-
ties. On the other hand, neither the static ecosystem service matrix nor the snapshot-based
questionnaire surveys effectively capture the transient changes and dynamic flow of the
CES supply—demand relationship. Therefore, it is necessary to integrate multisource data
and develop dynamically calibrated models based on field research to explore a more
realistic representation of the CES supply—demand relationship.

4.2. Discussion on the Correlation Between CES Demand and Influencing Factors

Zhao et al. [60] argue that coastal areas can provide local residents with unique and
abundant CES, thereby enhancing human well-being. In this context, southern Liaoning
is predominantly characterized by marine ecosystems, which differ significantly from the
forest ecosystem services of the Changbai Mountains, leading to variations in demand
preferences. This aligns with the findings of this study, which indicate that coastal cities
such as Dalian and Jinzhou have a relatively low demand for CES provided by the Changbai
Mountain tourism area. Ala-Hulkko et al. [45] and Fu et al. [61] suggest that transportation
accessibility significantly affects travel willingness, thereby influencing the demand for
CES. Similarly, this study finds that cities surrounding the Changbai Mountains, such as
the Yanbian Korean Autonomous Prefecture, Baishan, and Tonghua, benefit from a well-
developed high-speed railway network, strong accessibility, and comprehensive supporting
facilities, which further stimulate demand. Patra et al. [62] emphasize the critical role
of economic development in shaping residents’ preferences for CES demand. This is
consistent with the findings of this study, which show that economically developed cities
with high resident disposable income, such as Changchun and Shenyang, are more capable
of affording ecotourism expenses and exhibit a higher demand for CES.

Shi et al. [63] note that CES demand differs among various stakeholder groups. This
study similarly finds that overall CES demand is highly correlated with respondents’
occupation, indicating that different social groups have distinct CES demand patterns [64].
Recreational service demand shows a significant negative correlation with distance, with
high-demand areas concentrated in Changchun, Tonghua, Yanbian Korean Autonomous
Prefecture, and Baishan, and relatively high-demand areas in Jilin City and Songyuan. Bar6
et al. [15] and Hooftman et al. [65] suggest that recreational demand follows a distance
decay effect, whereby demand increases with proximity to tourist destinations and remains
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relatively stable over time. The results of this study are consistent with their findings.
Demand for spiritually oriented services such as natural landscapes, recreation, and health
and wellness value shows a significant positive correlation with consumption level. Sun
et al. [66] believe that high-income groups are more inclined towards landscape ecotourism
to obtain better spiritual value experiences, which is supported by the results of this
study. Demand for knowledge-based services, including ecological knowledge, landform
features, scientific research, and aesthetic value, shows a significant positive correlation
with education level. Song et al. [56] argue that higher education levels are associated with
a stronger perception of ecological and learning values, a finding with which our research
is also consistent.

4.3. Transformation of the Tourist—Tourism Area Relationship

The sustainable development and supply—-demand coordination of CES in the Chang-
bai Mountain tourism area require strengthening ecological resource protection and science
education while building on regional ecological characteristics and development conditions.
For example, systematic conservation and restoration projects focusing on flagship species,
volcanic landforms, and temperate forest ecosystems can provide high-quality ecological
carriers for cultural services. The organization of regular events such as the “Changbai
Mountain Ecological Culture Festival” can enhance tourists” awareness of biodiversity
conservation, thereby increasing CES demand, willingness and experiential quality.

Meanwhile, the Changbai Mountain Tourist Area provides visitors with sports facilities
such as plank roads and ski resorts, which lays a foundation for visitors to carry out
wellness activities and ice-snow entertainment. However, as a ticket-charging scenic spot,
the Changbai Mountain Tourist Area sees a low demand for cultural services centered
on physical activities among visitors during summer and autumn. Most tourists mainly
pursue cultural services focused on sightseeing and recreation. In winter, relying on its
abundant ice-snow tourism resources, the scenic area attracts a large number of visitors for
outdoor activities dominated by skiing. Therefore, we suggest that the local government
should dynamically and flexibly respond to visitors’ CES demand, so as to allocate the
scenic area’s supply rationally.

Furthermore, the local government needs to conduct special investigations into CES
supply and demand to identify the differentiated needs of different groups for various CES.
For areas with supply-demand mismatches, such as insufficient service supply in remote
attractions and excessive demand in core tourism areas, a combined strategy should be
adopted. This includes enhancing basic service construction in remote areas to increase
supply capacity, while implementing off-peak reservations and diversion measures to
regulate overall demand in the tourism area. Establishing a dynamic monitoring and
evaluation system for CES and optimizing policies based on the effectiveness of ecological
protection and changes in tourist demand will achieve sustainable supply and efficient
utilization of CES, thereby improving the supply-demand balance.

4.4. Implications of the Changbai Mountain Case for Global Mountain Protected Areas

The core contribution of this study lies in establishing a systematic governance frame-
work that reframes CES supply—demand conflicts to promote coordinated development
of ecological conservation and local economies. Firstly, the CES supply-demand balance
analysis can guide infrastructure enhancement in areas with high demand and limited
supply, ensuring both ecological integrity and visitor experience. Secondly, deeply integrat-
ing unique mountain landscapes with intangible cultural heritage can create distinctive
CES experiences. The key is to establish a mechanism that allows local communities to
benefit sustainably, effectively converting tourism economic returns into long-term in-
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vestments in ecological protection and cultural inheritance. Finally, adaptive platforms
integrating government regulation, scientific assessment, enterprise operation, and commu-
nity participation should be developed. Regular monitoring of visitor pressure, combined
with ecosystem modeling to assess ecological thresholds, can support timely manage-
ment adjustments and facilitate a shift from static protection to flexible, feedback-based
visitor management.

4.5. Limitations and Future Perspectives

This study combines questionnaire surveys with the ecosystem services matrix to
assess CES supply-demand relationships at the scale of a mountain tourism area. The
data and methods applied have the potential for extension to other regions. However,
several limitations should be acknowledged. Firstly, the CES demand assessment relies
primarily on questionnaire data, which may introduce subjectivity, and this study only
conducted correlation analyses based on questionnaire survey data, without performing
in-depth spatial analyses. Secondly, due to the small and scattered sample size, this study
is more of an exploratory research in nature. Although the data reveal certain trends, these
findings cannot be simply generalized as the true overall local demand, because the sample
size for some cities is insufficient to achieve statistical power. Thirdly, the respondents
were predominantly young and highly educated, and failed to adequately represent the
needs of middle-aged, elderly, and less educated groups, resulting in insufficient sample
representativeness. Finally, the research on CES supply—demand relationships focused
mainly on the static quantification and comparison of supply and demand, lacking a spatio-
temporal dynamic quantification perspective [67]. Examining temporal changes in CES
supply—demand relationships could help better identify regional conflicts and provide new
insights for CES assessment [68].

Therefore, several improvements can be made in future research. Firstly, the scientific
rigor of the research can be enhanced by integrating multi-source data, such as mobile
phone signaling data, social media data, and remote sensing data [69]. Secondly, combining
online questionnaires with offline interviews can optimize sample structure and improve
data reliability. Meanwhile, by increasing the budget and extending the research period,
supplementary sampling can be conducted in cities with weak sample representation,
so as to further explore the diversity and hierarchy of demand within Northeast China.
Thirdly, in future research, correlation analysis can be combined with the bivariate Moran’s
Iindex to further explore the spatial agglomeration characteristics of the supply-demand
relationship. Finally, future studies should focus on structural supply—demand imbalances
in the temporal dimension, particularly underutilized supply and latent demand in spring
and autumn. Currently, since the CES supply-demand conflict in the Changbai Mountain
tourism area mainly arises from insufficient supply, peak-season pressure can be alleviated
through stricter core-area management and expansion of alternative services in periph-
eral areas, while off-season demand can be stimulated by developing distinctive tourism
experiences to activate idle supply.

The core scientific issue in future research on the supply-demand relationship of CES
lies in the following: with the improvement of health awareness in the post-pandemic era
and the enhancement of environmental literacy, tourists’ cognitive preferences will shift.
Such changes will be directly reflected on the demand side and drive the evolution of CES
demand. Managers of the Changbai Mountain tourism area need to conduct continuous
monitoring to capture these signals, predict potential future demand hotspots, and avoid
the contradiction arising from unmet emerging demand.
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5. Conclusions

This study takes the Changbai Mountain tourism area as a case study, assessing the
supply and demand dynamics of CES in this mountainous tourism region based on expert
evaluations of supply capacity and the results of visitor demand preferences. Firstly, the pro-
posed approach directly captures tourists’ subjective preferences and value perceptions of
specific cultural services. Secondly, it enables analysis of social drivers underlying CES per-
ception and evaluation. Finally, compared with long-term sensor deployment or purchasing
commercial datasets, this approach is generally more controllable in terms of time and
financial costs, and allows flexible module design tailored to specific research questions.

The results show that the demand for CES in the Changbai Mountain tourism area is
strong, and the supply-demand conflict primarily stems from insufficient supply. Spatially,
CES demand exhibits a pattern of higher demand in the central and eastern regions and
lower demand in the northwest. High- and relatively high-demand areas are mainly
concentrated in cities relatively close to the Changbai Mountain tourism area and cities
distributed along the Harbin-Dalian transportation corridor, including central Liaoning,
while low-demand areas are mainly distributed in northern Heilongjiang and coastal
southern Liaoning, areas where other resources provide CES. High demand for recreation,
natural landscapes, and aesthetic value reflects broader consumption upgrading and
growing awareness of habitat conservation. Demand for ecological knowledge, landform
features, scientific research, and aesthetic value shows strong correlations with education
level, suggesting that strengthening science education and nature-based aesthetic education
in China can enhance overall ecological literacy and conservation awareness.

According to this study, temporally, tourist demand is highly concentrated in the short
summer and autumn seasons as well as holidays, resulting in a decline in the perceived
quality of CES during peak periods and the underutilization of abundant cultural service
resources in off-seasons. Spatially, tourists’ travel routes are highly fixed, leading to
extremely uneven spatiotemporal heterogeneity in the utilization efficiency of CES. We
recommend that the Changbai Mountain tourism area scientifically regulate the temporal
and spatial allocation of CES supply, strengthen infrastructure development, and enhance
visitor flow monitoring capacity to improve the efficiency of tourism guidance. This paper,
from the perspective of CES and covering a broader range of cultural service types, provides
a new perspective for understanding CES supply-demand balance and promoting the
sustainable development of the Changbai Mountain tourism area.
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Appendix A
Appendix A.1

Through the AHP method, calculations were conducted on the seven sub-dimensions.
The following tables present the judgment matrix and corresponding weights.

Table Al. Judgment matrix and weights of sub-dimensions of natural system supply.

Natural System Supply Natural Landscape Science and

Sub-Dimension Assessment  and Aesthetic Value Rest Potential Education Value Weight
Natural Landscape and
Aesthetic Value ! 2 ! 0.5396
Rest Potential 1/2 1 1/2 0.1634
Science and Education Value 1 2 1 0.2970
Amax = 3.0092 CI=0.0046 RI=0.58 =1
CR = 0.0079 Sat1§fy1ng the
consistency test
Table A2. Judgment matrix and weights of sub-dimensions of human system supply.
Human System Supply Reception Service Cultural Management and Weicht
Sub-Dimension Assessment Capacity Facilities Value Planning Skills &
Reception Capacity 1 1/2 1/2 1/2 0.1404
Service Facilities 2 1 1 1 0.3952
Cultural Value 2 1 1 1 0.2322
Management 'and Planning 5 1 1 1 0.2322
Skills
Amax = 4.0606 CI =0.0202 RI=0.90 r=1
CR = 0.0225 Satl.sfymg the
consistency test
Appendix A.2
This appendix provides the detailed scoring criteria for the seven dimensions of CES
supply used in this study. Each dimension was scored on a five-point scale (1 = very low,
2 =low, 3 = moderate, 4 = high, 5 = very high) based on expert evaluation. Scoring was
conducted separately for each season (spring, summer, autumn, winter) to capture seasonal
variability in supply. The scoring criteria were developed based on official statistics from
the AC of CBMPDZ, Jilin Province and field observations.
Table A3. Scoring Criteria for natural system supply dimensions.
CES Dimension Score Criteria Description
1 Landscape is monotonous; few or no distinctive scenic features; visual
appeal is low.
5 Limited scenic diversity; some landscape features present but not
outstanding; visual quality is average.
Natural Landscape and 3 Moderate landscape diversity; presence of notable scenic features; visual
Aesthetic Value appeal is acceptable.
4 High landscape diversity; multiple distinctive scenic features; strong
visual appeal.
5 Exceptional landscape diversity; iconic or unique scenic features;

outstanding visual quality.
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Table A3. Cont.

CES Dimension Score Criteria Description
1 Limited opportunities for relaxation; low forest cover; poor air quality; few
quiet areas.
’ Moderate opportunities for relaxation; average forest cover and air quality;
some quiet areas.
. Good opportunities for relaxation; forest cover >60%; negative oxygen ion
Rest Potential 3 PP . : o 18 V8
concentration moderate; quiet areas available.
4 Very good opportunities for relaxation; forest cover >70%; high negative
oxygen ion concentration; well-distributed quiet areas.
5 Excellent opportunities for relaxation; forest cover >80%; extremely high
negative oxygen ion concentration; abundant quiet and restorative spaces.
1 Few or no scientific research or educational resources; limited
interpretive facilities.
2 Limited scientific research base; basic educational materials available.
Established scientific research base; moderate educational resources; some
Science and Education Value interpretive signage.
4 Well-established research base; rich educational resources; active science
education programs.
5 World-class research base; comprehensive educational resources; exemplary

science education programs.

Table A4. Scoring criteria for human system supply dimensions.

CES Dimension Score Criteria Description
1 Accommodation capacity < 5000 beds; limited transport access; daily carrying
capacity < 5000 visitors.
5 Accommodation capacity 5000-10,000 beds; basic transport access; daily carrying
capacity 5000-10,000 visitors.
Reception Capacity 3 Accommodation capacity 10,000—20,000 beds; moder.at.e transport access; daily
carrying capacity 10,000-20,000 visitors.
4 Accommodation capacity 20,000-30,000 beds; good transport access (e.g.,
high-speed rail, airport); daily carrying capacity 20,000-30,000 visitors.
5 Accommodation capacity 30,000-40,000 beds; excellent transport access with
multiple modes; daily carrying capacity 30,000-40,000 visitors.
Few restaurants and facilities; inadequate infrastructure; limited visitor services.
With basic facilities but low openness; basic visitor services.
Long waiting time for facility services; but with more complete facilities.
Service Facilities 4 Moderate waiting time for facility services; higher quantity and better service
quality of scenic area staff.
5 Short waiting time for facility services; complete scenic spot guidance; higher

technological level of infrastructure.
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Table A4. Cont.

CES Dimension Score Criteria Description
1 Limited cultural heritage or ethnic traditions; few cultural interpretive resources.
2 Some cultural heritage present; basic cultural interpretive materials.

Moderate cultural heritage; presence of ethnic cultural traditions; cultural

interpretive facilities available.
Cultural Value p

Rich cultural heritage; well-preserved ethnic traditions; active cultural events
and programs.

Exceptional cultural heritage; living traditions with deep historical significance;
comprehensive cultural experiences and festivals.

Basic management practices; limited monitoring; no formal zoning or
visitor management.

2 Routine management practices; basic monitoring; informal visitor management.

Structured management practices; regular monitoring; functional zoning and

3 .
Management and visitor management.

Planning Skills

Proactive management practices; advanced monitoring (e.g., UAV); effective
zoning and visitor diversion.

Exemplary management practices; integrated monitoring systems; adaptive
management with real-time visitor flow control.
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