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Abstract

This study explored the cultural ecosystem services of Kerman Province, categorizing them into 4 distinct
groups: aesthetic, recreational, educational-scientific, and spiritual-religious. A Multi-Criteria Evaluation (MCE)
approach was employed within a Geographic Information System (GIS) framework. To achieve this, we
identified 34 aesthetic, 28 recreational, 8 educational, and 4 spiritual criteria, which were further organized into 3
categories: ecological, socio-economic, and visual. All criteria were standardized and weighted using the
Analytic Hierarchy Process (AHP) and then integrated through the Weighted Linear Combination (WLC)
method. The service layers generated by WLC were aggregated to create an overall cultural service value layer,
subsequently classified into 4 levels of suitability. The classification map revealed that areas classified as having
high and very high suitability spanned 9,501,028 and 1,306,668 hectares, respectively, accounting for over 58%
of the total area of the province. The spatial distribution of the 4 types of cultural services varied significantly,
with spiritual services exhibiting the least coverage. The central and western regions of the province were
identified as the richest in overall cultural services, while the northeastern, eastern, and southern areas
demonstrated the lowest suitability. The findings of this study provide a valuable foundation for policy-making,
spatial planning, and sustainable land management aimed at enhancing the delivery and accessibility of cultural
ecosystem services in Kerman Province.

Keywords: Spatial Analysis, Cultural Ecosystem Services, Weighted Liners Combination (WLC), Multi-Criteria
Evaluation (MCE).

Introduction
In recent years, human activities have significantly transformed the structure and functioning of natural
ecosystems, leading to both direct and indirect impacts on human well-being and quality of life. The pursuit of
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sustainable social development is closely linked to the ecological health of our environment. Therefore,
preserving the integrity of ecosystems is essential for ensuring long-term economic and social progress. A
crucial way to highlight the importance of ecosystems is by quantifying their services. Ecosystem services are
the benefits that humans derive from these natural systems. In spatial planning, effectively leveraging ecosystem
services requires accurate spatial data on the current conditions and future trends of ecosystems. Consequently, a
major challenge facing contemporary governments is the urgent need to address environmental crises while also
dispelling prevalent misconceptions about the essential services provided by ecosystems.

Cultural services represent a vital aspect of the non-material benefits of ecosystems, playing a significant role
in enhancing quality of life, fostering human well-being, shaping the cultural identity of societies, and enriching
the intangible and aesthetic value of spaces. These services, which encompass intangibles, such as scenic beauty,
recreational opportunities, environmental education, and spiritual connections with nature, have often been
overlooked in many regions, particularly in arid and semi-arid areas like Kerman Province. As unsustainable
development and the overexploitation of natural resources threaten these services, identifying, assessing, and
protecting areas that provide cultural benefits have become a priority in environmental policy-making. Thus, this
study aimed to investigate the cultural services of Kerman Province.

Materials & Methods

This research investigated cultural ecosystem services in Kerman Province, categorizing them into 4 types:
aesthetic, recreational, scientific-educational, and spiritual-religious services. A combination of Geographic
Information Systems (GIS) and Multi-Criteria Evaluation (MCE) methods was utilized for the spatial analysis of
these services. The research process was conducted in 4 key steps:

Step 1: Creating the Spatial Database

In the first step, we established decision-making criteria based on regional conditions and expert insights.
These criteria encompassed 34 factors for aesthetic services, 28 for recreational services, 8 for educational
services, and 4 for spiritual-religious services grouped into 3 broad categories: ecological, socio-economic, and
visual. The spatial database was developed using TerrSet IDRISI software with all spatial data formatted as
raster layers in the GCS_WGS_1984 coordinate system at a spatial resolution of 30 m.

Step 2: Standardizing Factor Criteria

Fuzzy logic was employed to standardize the factor criteria, scaling suitability values between 0 and 255. A
linear fuzzy function was applied to continuous data, while user-defined functions were utilized for discrete data.

Step 3: Weighting Factor Criteria and Assessing Their Influence

A pairwise comparison method based on the Analytic Hierarchy Process (AHP) was used to assign weights
calculated via the eigenvector method. A questionnaire was developed for experts to compare the relative
importance of the factor criteria across different hierarchical levels. Experts rated the priority of each criterion on
a scale of 1 to 9 and the statistical mode was applied to determine the final weights in the AHP matrix.

Step 4: Integrating Factor Layers and Multi-Criteria Evaluation of Cultural Services

The quality of cultural services was assessed using Multi-Criteria Evaluation (MCE) through Weighted
Linear Combination (WLC) for each service. This approach is based on the concept of weighted averages,
allowing decision-makers to assign weights that reflect the relative importance of each factor. The final
suitability score was calculated by summing the products of each factor weight and its normalized value.

After generating WLC maps for aesthetic, recreational, scientific-educational, and spiritual-religious services,
these maps were merged to create the final cultural services map of Kerman Province. This map was classified
into 4 equal intervals to illustrate varying levels of suitability for cultural services. Additionally, we analyzed the
statistics of cultural services across different land-use types to compare the contributions of various land uses in
providing these services.

Research Findings

The results indicated that natural waterfalls held the highest weight within the category of recreational services,
while their visibility was also the most significant factor in aesthetic services. In the category of spiritual
services, locations like cemeteries demonstrated greater spatial values. Universities and scientific centers were
identified as more important in the realm of educational services. Analysis of the maps of combined criteria
revealed that areas classified as having high and very high suitability for cultural services spanned 9,501,028 and
1,306,668 hectares, respectively, accounting for over 58% of the entire province.

Additionally, we found that the spatial distribution of cultural services across the province was uneven.
Spiritual services exhibited the least coverage, whereas recreational and aesthetic services showed greater
dispersion. The study further indicated that among various land uses and land covers, dense rangelands, dense
forests, agricultural areas, and settlements provided the highest scores for cultural services in Kerman Province.
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Discussion of Results & Conclusion

The findings of this study revealed that over half of the area of the province possessed high to very high potential
for providing cultural services. Among the evaluated services, aesthetic and recreational services exhibited the
greatest spatial extent. Waterfalls and their visibility emerged as the most significant criteria for these two
services, underscoring the importance of water resources in arid and semi-arid regions.

The multi-criteria assessment indicated that areas extending from the northwest to the southeast of the
province had a higher potential for delivering aesthetic services, while the central region, northern edges, and
southwestern parts showed comparatively less potential. An analysis of the characteristics of the province
suggested that the northwest to southeast corridor, particularly the southeastern regions, was prioritized for its
ecological features, such as vegetation cover, topographical diversity, and natural attractions like waterfalls. In
contrast, human-made elements were less prevalent in these areas, contributing to increased aesthetic values and
services. A similar trend was observed in recreational services although the regions with low desirability had
expanded. Scientific and educational services, however, were confined to specific areas of the province,
particularly in the central and western regions.

Given that dense rangelands and dense forests yielded the highest scores for cultural services across the
province, strengthening and expanding these land cover types while protecting them could significantly enhance
the value of cultural services in the region. Additionally, spiritual and religious services were dispersed and
existed at a limited level throughout the province. Agricultural areas also demonstrated a high average value in
cultural services, emphasizing the role of land use in providing aesthetic and recreational benefits. The increased
availability of spiritual and religious services in residential areas had further contributed to the rise in average
spirituality values within this land use category.

This study demonstrated that integrating spatial analysis tools with MCE could effectively identify key areas
that provided cultural services. The findings can serve as a scientific and practical reference for planners, land
managers, and environmental decision-makers seeking to optimize the utilization of cultural capacities of the
ecosystems in Kerman Province, thereby contributing to sustainable development and integrated natural resource
management. Furthermore, this methodology can be applied to other regions of the country with similar
conditions and may serve as a framework for future research.
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Figure 1: The overall framework of the research within the study area
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Table 6: Factor criteria of spiritual services and their weights
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Figure 3: Aesthetic services map of Kerman province
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Figure 8: Classified cultural Ecosystem Services map of Kerman province
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Table 7: Classes area of Classified cultural Ecosystem Services map
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Table 8: Statistical information of Classified cultural Ecosystem Services map
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