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Abstract
Identifying and measuring sustainability through social, economic and environmental aspects is a priority in
strategic decisions of policy makers. Also consideration of local context in urban sustainability assessment is

important for the developing countries because of the varying stakeholder needs and priorities. The present
study aimed to develop a practical framework consisting of GIS and MCDM using fuzzy logic to measure the
sustainability of Karaj, a city in the west of Tehran, Iran. First, seven criteria and 24 sub-criteria of urban
sustainability were identified based on literature review, interviews with experts, and Delphi technique. Then,
the criteria were weighted and prioritized using Group fuzzy BWM. Fuzzy logic and Weighted Linear
Combination (WLC) method in GIS were used to determine the sustainability potential of Karaj. Based on the
results, the socioeconomic and employment criteria weighting 0.383 and 0.182 were the most important, and
biological criteria and distance from the military lands with weight of 0.0383, 0.00337 were respectively the
least important in the GF-BWM method. In terms of spatial distribution, both methods estimated that about
30% of the entire study area was highly sustainable. The integrated application of multi-criteria decision-
making method and GIS provided a more flexible and cost-effective tool for decision making in urban planning
and managemen.
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Introduction

The urban population accounted for 55% of the total population of the world in 2018, which is predicted to
reach 65% by 2050 (Desa, 2019); Ibrahim et al. (2018). Iran, as a developing country, is witnessing a
continuous growth in urbanization on a large scale. The city of Karaj in Alborz Province, located in the
southern Alborz Mountain Range, has the second highest population( Alborz Statistical yearbook, 2016). It is
located within the northern latitudes of 35° 67'-36" 14' and the eastern longitudes of 50° 56'-51° 42' over an
approximate area of 141 km? (Figl). The Alborz Mountain Chain bound the city in north and the elevation is
decreasing from north to south. The average elevation is 1,320 m above the sea level. The climate of Karaj is
semi-arid with annual rainfall, average annual temperature, average relative humidity, and annual evaporation
values of 3 mm, 15 to 16 ° C, 53%, and 2184 mm, respectively(Sakieh et al., 2015b). The prevailing wind has
a northwest direction. The present study uses AHP and GROUP FUZZY BWM for weighting the criteria and
TOPSIS to prioritize and rank the alternatives. In order to assess the sustainability of urban development, three
steps were taken based on an integrated quantitative modeling approach.

Material and methods

In this step we Identify criteria and sub-criteria. After determining the boundaries of the study area, the SUD
criteria and sub-criteria were selected based on field visits, local characteristics of Karaj, national standards,
available data, experts’ opinions, review of national and international resources, and SUD frameworks. A total
of nine main criteria and 42 sub-criteria were identified. Finally, the experts’ opinions collected by the Delphi
method were used to determine the final criteria and sub-criteria. Seven criteria and 24 sub criteria with the

maximum degree of importance (more than 50% of the total numerical value-) in the two-dimensional chart
were recognized as the effective criteria and sub-criteria for the site selection analysis(Hasanzadeh et al., 2013;
Mousavi et al., 2015). GF-BWM was used to propose a simple approach which can help decision-makers fully
understand the priority of the selected criteria and sub criteria. Then, fuzzy set theory is used to fuzzify the
layer in GIS. The map, standardized in the Terrset software using fuzzy functions.

Results and Discussion

Based on the results of the Delphi questionnaire as well as the degree and percentage of importance, seven
criteria out of nine criteria and 24 sub-criteria out of 42 sub-criteria., the final weight of the criteria and sub
criteria was determined. Based on the results, the socioeconomic dimension and employment criteria weighting
0/383 in the GFBWM method. In sub criteria, employment and population density sub criteria from the socio-

economic dimension and access to drinking water criteria of physical environment criteria had the highest
priority. The final map of the factors was prepared based using the MCE approach and GF-BWM method.
Then, the final Constraints map was prepared by integrating three layers, namely, military areas, flood zones,
and the distance from the roads in GIS. Finally, In order to prepare the final sustainability map of Karaj (the
output of the GIS model), the FMs (prepared by both methods) and CMs were overlaid using the WLC method
in ArcGIS 10. 6. Higher values (close to 1) indicate the higher sustainability of land for urban development
while lower values (close to zero) show lower levels of sustainability. The output maps was reclassified into
five sustainability classes including very high, high, medium, low, and very low in hectares. The results showed
several areas for sustainable development such as attracting new jobs in the northern part of the region,
strengthening economic activities and improving access to public transport in The proposed methodology
provides the opportunities for the policy makers and planner (especially the municipality of being the local
authority) to formulate appropriate plans and policies and apply the required focus on measures to be
implemented where there is the most need, to reflect their decisions more effectively and realistically as regards
the real data for sustainable urban development site selection coupled with uncertainty. The northern and
western parts, and preserving the ecological value of land in the central and older areas. The advantages
associated with the current approach, presentation of model to develop based on the principles of sustainability
and including seven major criteria (Including environmental, economic, and social factors), could be used for
many cities by changing the input criteria, using appropriate data sets, and applying decision rules such as
fuzzy logic as well as GF-BWM methods in GIS environment.
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Conclusion and future research

In this study, combining the AHP and GFBW methods in the GIS environment increased the speed and
accuracy of the results, as well as making it easier to use the results in overlay analyses. On the other hand, the
finding showed this method to be efficient and applicable for solving spatial multi-criteria decision issues.
Hence, the approach adopted in this study contributes to the complex process of assessing sustainability in a
particular area. Generally, based on the study and analysis of the identified criteria and their weights and
priorities in the city of Karaj, the results are significantly different from the widely used sustainability tools
and show that global sustainability tools cannot be used directly in developing countries. Experts can design
to urban development with these characteristics and considering urban facilities such as other criteria, Urban
green space distribution, Educational per capita to save time and money in the urban development. In addition,
a comprehensive and detailed plan could be designed to improve and enhance the process of the sustainability
urban development of the city. Moreover, the finding showed this method to be efficient and applicable for
solving spatial multi-criteria decision issues. Hence, the approach adopted in this study contributes to the
complex process of assessing sustainability in a particular area. Generally, based on the study and analysis of
the identified criteria and their weights and priorities in the city of Karaj, the results are significantly different
from the widely used sustainability tools and show that global sustainability tools cannot be used directly in
developing countries. The proposed approach for SUD has some limitations as well apart from its
aforementioned advantages. The outcome of Delphi and these MCDM methodologies heavily relies on expert
opinion, which may be biased some times because of subjectivity and transitivity of the expert (Manupati et
al., 2018). In this study, out of 18 questionnaires were sent to specialists and expert. Then only 13 people
including experts from Karaj Municipality with specialization in environment, urban planning, environmental
graduates in master's and PhD degrees, and faculty members answered questions. Unfortunately, 6 of these
questionnaires were not filled in carefully and patiently and were discarded.
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