https://sppl.ui.ac.ir/?lang=en
Spatial Planning
E-ISSN: 2476-3357

Document Type: Research Paper
Vol. 14, Issue 1, No.52, Spring 2024, pp. 1- 4
Received: 18/07/2023 Accepted: 21/01/2024

Designing A Standard Model of Sports Facilities Based on the Combination of Environmental
and Climatic Variables in Ardebil Province Using Multiple Attribute Decision Making (MADM)
and Fuzzy Analytic Network Process (FANP) Methods

Bromand Salahi' *, Mahmoud Behrouzi?
1- Professor of Climatology, Department of Physical Geography, Faculty of Social Sciences, University of
Mohaghegh Ardabili, Ardabil, Iran
salahi@uma.ac.ir

2- Environmental Hazards, Marine Science Institute, University of Tehran, Tehran, Iran
behrouzimahmoud@gmail.com

Abstract

Background: This study aimed to assess the suitability of land for constructing an outdoor sports
stadium in Ardebil Province, focusing on the climate.

Methodology: Weather variables, such as mean temperature, snowfall, and rainfall, along with
environmental factors, were considered. The evaluation utilized a combination of Multiple Attribute
Decision Making (MADM), Fuzzy Analytic Network Process (FANP), and Geographic Information
System (GIS). A separate layer was created for each variable and after determining their weights,
overlaying the layers with fuzzing was used to identify optimal lands for sports facilities in Ardebil
Province.

Results: The findings indicated that snowy days and average temperature were the most significant
factors influencing the selection of land for sports stadium construction in Ardebil Province with fuzzy
degrees of 0.241 and 0.163, respectively. Among the environmental criteria, land slope and elevation
were the most important factors for selecting land for sports stadium construction in Ardebil Province
with fuzzy degrees of 0.294 and 0.166, respectively. The land suitability results revealed that areas in

*Corresponding Author
Salahi, B., & Behrouzi, M. (2024). Designing the standard model of sports facilities based on the combination of

environmental and climatic variables in Ardebil province with MADM and FANP methods. Spatial Plannini, 14 ili 1-4.
®l BY NC

2476-3357 © The Author(s). Published by University of Isfahan
This is an open access article under the CC BY-NC 4.0 License (https://creativecommons.org/licenses/by-nc/4.0).

d 10.22108/SPPL.2024.138379.1736


https://portal.issn.org/resource/ISSN/2476-3357
https://creativecommons.org/licenses/by-nc/4.0
https://doi.org/10.22108/sppl.2024.138379.1736
https://sppl.ui.ac.ir/?lang=en
https://orcid.org/0000-0003-4826-6185
mailto:behrouzimahmoud@gmail.com

2 Spatial Planning, Vol 14, No. 1, Ser No. (52) Spring 2024

the northern half of Ardebil Province, particularly Moghan Plain, Garmi, Aslandoz, and Beile-Savar,
were highly suitable for constructing a sports stadium.

Keywords: Ardebil Province, Climate, Multiple Attribute Decision Making (MADM), Sports
Facilities, Suitability of Lands.

Introduction

This study focused on assessing the suitability of land for constructing an outdoor sports stadium in
Ardabil Province, taking into account the climate. The construction of outdoor sports complexes is
influenced by environmental and economic factors with climatic conditions being particularly crucial
in selecting suitable locations for such stadiums. Ardabil Province boasts diverse topographical,
geographical, and climatic conditions, all of which significantly impact the planning of its sports
facilities. With its cold and dry climate and substantial variation in altitude, careful consideration of
the type and location of sports facilities is essential in this province.

Materials & Methods

To identify potential sites for constructing outdoor sports facilities in Ardabil Province, a climate-
spatial information database pertaining to sports facilities in the region was initially established.
Subsequently, both quantitative and qualitative criteria and sub-criteria related to climate essential for
developing a standard model for sports facilities were compiled. The climatic criteria considered in the
assessment of sports facilities encompassed snow days, average temperature, precipitation, and wind
speed. Environmental criteria included proximity to urban areas, elevation classes, land use, distance
from rivers and roads, land slope, soil type, and distance from villages. For the climatic sub-criteria,
meteorological data for Ardabil Province from 2000 to 2020 were gathered and spatial distribution
maps of meteorological parameters were generated. Regarding the environmental sub-criteria, a
Digital Elevation Model (DEM) of Ardabil Province with a spatial accuracy of 30 meters was created
using data from the SRTM sensor and surface topology, geological, and soil maps of Ardabil Province
were prepared in ArcGIS. Additionally, a land use map was generated using Landsat 8 imagery and a
map of land use classes for 2022 was produced by implementing the Support Vector Machine (SVM)
algorithm on the training points. Subsequently, a layer was created in ArcGIS for each sub-criterion
and Euclidean distance maps were generated for them. Fuzzy operators were employed to render each
map fuzzy, resulting in the creation of fuzzy maps and their fuzzy weights and degrees were
determined using Fuzzy Analytic Network Process (FANP). 20 questionnaires were developed using
the Delphi method and their validity and reliability were confirmed through the KS test. The fuzzy
overlay method employing the SUM operator was utilized to identify optimal lands for constructing a
sports stadium in Ardabil Province.

Research Findings

The results obtained from the fuzzy network analysis technique revealed that, among the climatic
criteria, snow days and average temperature with fuzzy degrees of 0.241 and 0.163, respectively,
exerted the most significant influence on the selection of land for constructing sports stadiums in
Ardabil Province. Furthermore, the findings indicated that, among the environmental criteria, land
slope and elevation with fuzzy degrees of 0.294 and 0.166, respectively, were the most crucial factors
in determining suitable land for sports stadium construction in Ardabil Province. The map of climate



Spatial Planning, Vol 14, No. 1, Ser No. (52) Spring 2024 3

criteria derived from overlaying and weighting the prepared climate layers using the fuzzy network
analysis identified Pars Abad, Beile Savar, Garmi, and Aslandoz to be highly suitable for sports
stadium construction due to having favorable climate conditions. Conversely, lands in the southern
areas of Ardabil Province, particularly the central plains of Ardabil, Khalkhal, and Sarein, were
deemed unsuitable due to having severe weather conditions and extreme coldness. Similarly, the map
of environmental criteria produced by overlaying and weighting the prepared environmental layers
using the fuzzy network analysis indicated that lands in Ardabil Plain, Abibi Biglo Plain, Mughan
Plain, and to some extent, Meshkin-Shahr were suitable for constructing sports structures and open
stadiums. Conversely, the heights of Sablan, Khalkhal, and the southeast of Ardabil were deemed
unsuitable for sports stadium construction due to having harsh environmental conditions, including
high slopes, elevations, and rocky terrain.

Discussion of Results & Conclusion

The assessment of land suitability revealed that the most suitable areas for constructing a sports
stadium and outdoor sports facilities in Ardabil Province were situated in the northern half,
particularly in Mughan Plain, Garmi, Aslandoz, and Beile Sawar. Conversely, the central and southern
regions of Ardabil Province, especially the heights of Meshkinshahr and Khalkhal, were deemed
unsuitable for sports stadium construction. Ardabil Plain, Meshkinshahr, Namin, and the southern part
of Firozabad had the potential for constructing sports stadiums with specific arrangements.
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Table 1: Statistics of climatic parameters of Ardebil province (1975-2020)
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Figure 1: Geographical location of the study area
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Table 2: Effective parameters in selecting optimal land for outdoor sports venues (sports stadiums)
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Table 3: The weight of sub-criteria in the construction of sports stadiums and open spaces obtained
from the network analysis technique
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Table 4: Evaluation of sub-criteria in the construction of sports stadiums and outdoor sports facilities
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Figure 2: The degree of fuzzy of snowy days in the land suitability for the construction of a sports
stadium in Ardebil province
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Figure 3: The degree of fuzzy of the average temperature in the land suitability for the construction
of a sports stadium in Ardebil province
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Figure 4: The degree of fuzzy of annual rainfall in the land suitability for the construction of a sports
stadium in Ardebil province
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Figure 5: The degree of fuzzy of the distance from the village and the road in the land suitability for
the construction of a sports stadium in Ardebil province



Veor Ll (oY cf-,l?«'g) ‘J‘5| o leds LVAA)L@? Jl “gw 6}1)“""}.’ Y

(OB x%,K ) Juro ol Dbl 3 (2555 p sabial Sl el el T TS LR CSTY St
Figure 6: The degree of topographic fuzzy in the land suitability for the construction of a sports
stadium in Ardebil province
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Figure 7: The degree of fuzzy of land use in the land suitability for the construction of a sports
stadium in Ardebil province
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Figure 8: The classification of optimal lands for the construction of a sports stadium in Ardebil
province
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