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Absract

This study aims to project the impact of urban growth on cultural services and identify the preferred scenario
that could protect these services in Golestan Province. For this purpose, at first, the cultural services map
produced by spatial multi-criteria evaluation. Then, the urban growth of the study area projected up to the year
2035 through the SLEUTH model under historical (1st), compact (2nd) and environmental providing cultural
services conservation (3rd) scenarios. Cultural services evaluation showed that the services were mostly
located in the central part of the province. According to the model, the total urban growth extent in the first
scenario is 21197 ha. By changing the model coefficients, the growth extent in the second and third scenarios
decreased to 21175 and 19691 ha. Urban extent, which occurred in cultural services zones, was 1387, 1425
and 917 ha under the first, second, and third scenario. Thus, the third scenario has decreased the total urban
extent by 1488 and 1506 ha, compared to the first and second scenarios. Under the third scenario urban growth
extent in cultural services zones, was 931 and 1161 ha less than those resulted by the first and second scenarios.
Findings showed that urban growth had the most negative impact on aesthetics service. The largest and smallest
urban growth in aesthetic zones happened under the third scenario (480 ha) and the second scenario (618 ha),
respectively. Results of this study denote that a combination of the SLEUTH model and multi-criteria
evaluation can inform decision-makers and planners of urban growth impacts on ecosystem services.
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Introduction

Urban areas tend to have the fastest growth rate among different land uses and these areas currently encompass
approximately 4 percent of the land’s surfaces (Radford & James, 2013). Urban growth directly leads to the loss of
natural habitat and ecosystem services through increased impervious surfaces and land cover changes. Urban growth
also indirectly affects ecosystem services by altering biogeochemical cycles process. Therefore, assessing the
impacts of urban growth on ecosystem services has become an important and urgent task for better understanding
urban ecology and achieving urban sustainability (Zhang et al. 2017). Numerous studies confirm that urban growth
leads to the simultaneous loss of regulating, productive, and supporting ecosystem services (Song et al., 2022).
While the impact of urban growth on various ecosystem services has been extensively studied, research on its effect
on cultural services is relatively less explored. Cultural ecosystem services are non-material benefits people obtain
from nature, including spiritual enrichment, cognitive development, reflection, recreation, and aesthetic experiences
(MEA, 2005). Today, there is a growing demand for cultural ecosystem services (CES) in urban areas, which is
putting pressure on the areas that provide these services in the vicinity of cities (Tobias, 2013). Therefore, prediction
of urban growth on cultural ecosystem services distribution areas is crucial for the conservation and exploitation
planning of these services. In this regard, current paper aims to predict urban growth on cultural services and identify
a preferred scenario for protecting these services in Golestan province.

Methodology

Golestan province with an area of 20,893 km 2, lies between 36230 N-38°08 N and 5357 E-56°22 E. This province

consists of 14 townships, 27 towns, 27 parts, 60 villages, 1006 residential areas, and 47 nonresidential areas.

Golestan has over 350 natural attractions and 1100 historical monuments (Sharbati, 2015). Moreover, there is

considerable cultural diversity in Golestan due to the existence of different ethnic groups (Shahkoui, 2011).

This research includes two main steps: first, mapping cultural ecosystem services and, second developing urban

growth scenarios. To map ecosystem services Multi criteria Decision Making (MCDM) method was used. To

identify criteria for assessing cultural services a literature review was conducted. Subsequently, the criteria were
screened and weighted using Delphi technique. Then, to create map layers a set of relevant indices were identified
for each criterion. Later, Arc GIS 10.4 and IDRISI Selva were used to develop the criteria map. After standardizing
layers, they were weighted through Analytical Hierarchy Process. Finally, these layers were combined using

Weighted Linear Combination Method (Kabiri hendi et al., 2020).

The second step of the study focus on simulating and predicting urban growth scenario using the SLEUTH urban

growth model. The SLEUTH model workflow involves 3 steps as follow:

1. Input data preparation: preparing required data is the first step of running model. Input data in this study include:
4 years of urban extent layers (1986, 2000, 2010 and 2018), 3 years of roads network layers (1986, 2010 and
2018), slope layer, excluded layers and hill shade layer.

2. Model calibration: The purpose of model calibration is to find the optimal values for the five growth control
parameters including: coefficients of diffusion, breed and spread, slope resistance, and road gravity, with
historical urban extent data and land use/cover as the reference (Saulawa al., 2023).

3. Model prediction: prediction as the final step of SLEUTH model, focuses on projecting future urban
development by simulating the impacts of different growth scenarios based on current urban patterns (Abedini
& Azizi, 2016). This study used two methods to develop future scenarios: assigning different values to excluded
areas layer and changing model coefficients. To predict urban growth by 2035, three scenarios were developed:
historical (1st), compact (2nd) and environmental aiming to preserve cultural services conservation (3rd).

Results and discussion

According to the Delphi method results aesthetic, educational, heritage, inspirational, sense of place, recreational
and spiritual aspects of cultural services gained the highest percentage and degree importance, respectively. Cultural
services evaluation results showed that these services were mostly located in the central part of the province.
Model calibration was implemented in three phases; coarse, fine and final (Sharma et al., 2025). In model
calibration, after each stage, results are sorted based on the optimal model value, which is then used to determine
the next set of coefficients for subsequent stages (Saulawa al., 2023). Table (1) shows the results of calibration
phases. Following the calibration phase, an averaging stage was performed to refine the coefficient values employed
in the prediction phase. In the prediction phase of the SLEUTH model, urban growth for Golestan province was
simulated from 2018 to 2035 using a single run with 150 iterations. A low diffusion coefficient, as indicated by the
prediction phase results, signifies a slow rate of urban development. Therefore, it seems urban expansion occurs
most significantly and densely around existing urban centers (Rafiee et al., 2009). The low birth value, indicates
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that that while existing urban areas will likely continue to grow, the formation of entirely new settlements will be
less probable (Abedini & Azizi, 2016). A higher spreading coefficient compared to the breed coefficient generally
indicates a tendency for urban growth to occur at the edges of existing urban areas (Salmanmahiny & Gholamalifard,
2011). A very low slope coefficient value suggests that the topography did not significantly restrict urban growth
in the province. The high road attraction value coefficient highlights the significant influence of road networks,
especially main roads, on urban growth (Abedinin & Azizi, 2016). A previous study using the SLEUTH urban
growth model in Gorgan city, has mentioned the potential for expanding existing urban areas (Salmanmahiny &
Gholamalifard, 2011). Other studies have also highlighted the substantial influence of road networks on urban
development in other parts of the Golestan province (Rasouli et al., 2016; Saieidi et al., 2017). The finding, that
topography has a slight influence on urban growth in the present study, is consistent with previous researches
conducted in Gorgan city (Salmanmahiny & Gholamalifard, 2011; Salmanmahiny & Clarke, 2013; Sakieh et al.,
2015).

Table (1). The result of calibration phases

Coarse calibration Fine calibration Final calibration
Coefficient 312 Run 6600 Run 720 Run Result
Montcarlo:5 Montcarlo:8 Montcarlo:10
Range | Increment | Range | Increment | Range | Increment
Diffusion 0-100 25 1-10 5 1-3 1 1
Breed 0-100 25 1-25 5 6-12 3 9
Spread 0-100 25 25-50 5 34-43 3 34
Slope
resistance 0-100 25 1-50 5 1-7 2 3
Road gravity 0-100 25 25-75 5 64-76 3 73

Coefficients derived from the prediction stage were used to create a historical growth scenario. In this scenario,
there is no constraints on urban growth, except for excluded areas such as existing urban areas and water bodies
(Nigussie & Altunkaynak, 2017). Then, the compact urban growth scenario was developed by adjusting model
coefficients to limit urban expansion and mitigate environmental damage. Subsequently, the environmental scenario
aiming to conserve cultural services was created to guide urban growth based on ecological considerations. In this
scenario cultural services map was included into excluded layer and coefficient values were changed. The
coefficients values of the three scenarios are given in table (2).

Table (2). The coefficients of prediction phase

- Historical Growth Compact Growth Environmental
Coefficients . . .
Scenario Scenario Growth Scenario
Diffusion 1 1 1
Breed 9 3 3
Spreed 34 44 44
Slope resistance 3 3 53
Road gravity 73 53 35

According to the model, the total urban growth extent in the historical growth scenario is 21197 hectares. Under
compact and environmental scenarios, the urban growth extent is projected to decrease to 21,175 and 19,691
hectares, respectively. Therefore, the environmental scenario shows a reduction in total urban area compared to both
historical and compact development scenarios, with decreases of 1488 and 1506 hectares, respectively. Under
historical, compact, and environmental scenarios, the urban growth extents within cultural services zones were 1387,
1425, and 917 hectares respectively. Thus, the environmental scenario resulted in 931 and 1161 fewer hectares of
urban growth within cultural services zones compared to the historical and compact scenarios, respectively. Under
the environmental growth scenario, urban development in cultural service areas is projected to be 470 hectares less
than the historical growth scenario and 508 hectares less than the compact growth scenario. The results indicate that
the environmental growth is a suitable scenario for Golestan province as it leads to fewer urban patches. Moreover,
this scenario restricts urban expansion within cultural services zones and steep slope area.
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Conclusion

Urban expansion and land use changes are indeed major drivers of spatial pattern transformation impacting on
ecosystem services provision (Lyu et al., 2019). Therefore, integrating ecosystem services into urban development
planning is crucial to mitigate the negative impacts of urban expansion and ensure the benefits that ecosystems
provide. While the impact of urban growth on regulating, supporting, and provisioning ecosystem services is
frequently studied; cultural ecosystem services (CES) often receive less research attention. Ignoring cultural
ecosystem services (CES) in urban planning, especially in rapidly urbanizing areas, creates uncertainty about their
future provision. Thus, Planners and managers need to understand the significance of cultural ecosystem services
and the negative impact of urban growth on them. In this regard, ecosystem service mapping methods and urban
growth models can be used (Zhang et al. 2017; Xie et al. 2018). The results of this study denote that a combination
of the SLEUTH model and multi-criteria evaluation can inform decision-makers and planners of urban growth
impacts on ecosystem services.
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