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ABSTRACT: 

 

It is of great importance that different sectoral investments such as energy, technology, education, logistics, health, industry, 

transportation, construction, tourism, which will be realized in globalizing and crowded cities, are made in the most suitable city 

areas. In order to obtain the maximum efficiency from the unit city area for any sectoral investment activity and to develop more 

planned and liveable cities, many decision parameters in investment management should be handled rationally by integrated a 

geographical perspective. In this study, designing GIS-based site selection models was examined for effective decision-making in the 

investment planning process for smart cities. In this context, different sectoral investment applications examining implementation 

requirements were determined for smart cities. Electric vehicle charging stations (EVCS) site selection application was determined 

as a case study, to design a GIS-based integrated site selection model for investment planning in smart city concept. Data preparation 

and analysis models were designed for determining the most suitable EVCSs location. EVSC site selection affecting criteria and 

criteria weights (by MCDA techniques) were researched in the literature. For this purpose, 15 criteria defined by three main criteria 

groups, namely Environmental/ Geographical, Economic Criteria, and Urbanity Criteria were determined. Designed models were 

performed analysing EVCSs suitability map in Pendik district of Istanbul. Normalized raster maps related to 15 criteria and EVCSs 

suitability map were produced with five suitability degrees for the Pendik district. Also, by designing the models, an integrated and 

planned investment mechanism can be developed for the impressive and efficient use of urban resources in smart city investments. 

 

1. INTRODUCTION 

In parallel by the rapid urbanization patterns emerging 

nowadays, the importance of deployment of resources has 

emerged and became a key factor for sustainable development 

(Zeng et. Al., 2016). In this perspective, effective and 

continuous urban planning of cities along with the management 

of economic activities plays significant role for urban policies. 

Today’s city is a combination of complex and connected 

systems producing high-speed information (Kumar and Dahiya, 

2017). A smart city brings the intelligent solutions to the urban 

management such as the Internet of Things (IoT) and 

information and communications technology (ICT) (Angelidou, 

2017). All these technologies can help to provide better quality 

of life and feasible management of urban environment. Smart 

cities can take the advantage of these technological 

opportunities for profitable investment (Vuppuluri, 2020).  

 

As a main dimension of the smart city concept, smart economy 

involves the maintainance of the innovation on economic 

activities that companies and citizens can freely collaborate 

(Bakici et. al., 2013). Smart city can provide significant 

opportunities on future investment related to technologies such 

as smart grids, renewable energy, smart buildings and green 

energy initiatives like wind enery, solar-power, low carbon 

energy and electric automobile (Barclays, 2020). The 

opportunities of big data that is produced within the smart city 

applications provide the deeper insight for better business 

decisions to the investors. Applications developed within the 

smart city implementations can enhance the urban life and 

economic growth (Kumar and Dahiya, 2017).  

  

Smart cities frequently use the abilities of geographical 

information systems (GIS) for location-based decision support 

mechanisms and city governance (Kumar and Dahiya, 2017). In 

order to develop a holistic and planned investment environment 

for the impressive and efficient use of resources in smart cities, 

GIS is an indispensable technology. Urban investment plans can 

be developed by focusing on the integration of environmental, 

economic, and social perspectives in GIS-based Multi Criteria 

Decision Analysis (MCDA) environment. GIS-based site 

selection in smart cities helps to allocate and monitor funds for 

sustainable urban economic development, and also supports 

rational land use and effective management process. 

 

GIS-based MCDA methods are extensively used for various site 

selection applications in literature for example, nuclear power 

plant (Aykekum et.al., 2021 Kurt, 2014), thermal power plant 

(Choudhary and Shankar, 2012) solar power plant (Sun et. al., 

2021; Uyan, 2013), logistics terminals (Cakmak et.al., 2021, 

Liu and Zhang, 2011), education facility (Prasetyo et al., 2018), 

shipyard (Caner and Aydin, 2021), solid waste landfill site 

selection (Beskese et al., 2015; Mussa and Suryabhagavan, 

2021), electric vehicle charging stations (EVCS) (Guler and 

Yomralioglu, 2020), hospital (Parvin et.al., 2021; Vahidnia et 

al., 2009), industrial site (Reisi et al., 2018), airport (Erkan and 

Elsharida, 2020) car parking (Darani et al., 2018) and fire 

station (Nyimbili and Erden, 2020).  

 

The main purpose of this paper is to design GIS-based site 

selection models for effective decision-making in the 

investment planning process for smart cities. The general frame 

of this paper is designed as follows: Section 2 describes 

implementation requirements in investment planning by 

different site selection applications. In section 3, the GIS-based 

site selection model by utilizing MCDA techniques was 

examined for smart cities. In section 4, by using GIS-based data 

preparation and analysis models, a case study of site selection 

for EVCS was conducted in the Pendik, Istanbul. In the last 

section, namely in section 5, the results were evaluated. 
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2. IMPLEMENTATION REQUIREMENTS FOR 

INVESTMENT PLANNING 

Within the context of investment activities in Turkey, 

appropriate sector-based land inventories should be presented to 

investors quickly and accurately. For this purpose, 13 priority 

sectors in Turkey were determined with the Project for 

Improving the Investment Environment with Geographic 

Information System (MoEU, 2017). In the process of 

determining these sectors, the 10th Development Plan, Regional 

Development Plans, 2023 Investment Targets, OECD 

Investment Plans, Action Plans of Chambers of Commerce and 

Industry, Public-Private Partnership Program, Ministries 

(Ministry of Health, Ministry of National Education, Ministry 

of Environment of Urbanisation,  Ministry of Energy and 

Natural Resources, Ministry of Transport and Infrastructure) 

Strategy Plans, Rural Development Action Plans, priority 

investment supports of the Ministry of Trade, plans of the 

Ministry of Foreign Affairs, priorities of the Ministry of 

Treasury and Finance, priorities of the Ministry of Trade, 

priorities of Presidency of The Republic of Turkey Investment 

Office, Priorities of Investor Ministries, 2023 – 2071 Targets, 

and Investment Advisory Council final report documents were 

taken into account. 

 

These sector applications are as follows, respectively: 1-

Thermal power plant, 2- Nuclear power plant, 3- Solar power 

plant, 4- Logistics terminals, 5- Technology development zone, 

6- School areas, 7 - Automotive industry, 8- Dairy/ fattening 

facility, 9- Hospital, 10- Organized industrial zone, 11- 

Ecotourism, 12- Housing estate and 13- Solid waste landfill. In 

addition to these sectors, other priority applications were added 

for investment planning in smart cities. Some of these are as 

follows; 14- car parking (Iqbal, 2020), 15- urban agricultural 

areas (Ustaoglu et al., 2021), 16- urban construction land 

(Ustaoglu and Aydinoglu, 2020b), 17- electric vehicle charging 

stations (EVCS) (Erbaş et al., 2018), and 18- providing land 

value information (Bovkir and Aydinoglu, 2018).  

 

In this context, the relevant criteria and data requirements for a 

total of 18 site selection applications were analyzed. To perform 

site selection analysis in GIS-based MCDA techniques, defined 

influential criteria (by main and sub-criteria) and required 

geographical data sets were determined according to the 

literature review and application background. As a part of 

National GIS Infrastructure (TUCBS), it is supposed that an 

integrated site selection mechanism can be provided when the 

data sets are available for these applications. 

 

3. DESIGN OF GIS-BASED SITE SELECTION MODEL 

When site selection analysis are performed for different 

application needs, various criteria are evaluated simultaneously 

in the GIS environment. The purpose of GIS-based site 

selection analysis is to determine the potential (suitable) sites 

for various facility activities. These analysis are determined not 

only the site suitability but also the degree of suitability level 

(Ustaoglu and Aydınoglu, 2020a).  

 

Any site selection analysis process with GIS-based MCDA 

techniques can generally be defined in five interconnected steps. 

In the first step, criteria are determined for the relevant site 

selection problem. The criteria are defined according to the 

literature review and expert opinion.  

 

In the second step, geographical and non-geographical data for 

the defined criteria are obtained from official and private-sector 

databases and open data portals. The obtained data are analyzed 

using various geographic analysis techniques (e.g. proximity, 

interpolation, surface analysis, etc.) in the GIS environment. 

The attribute values of all data layers used in the site selection 

analysis are normalized within the same value range so that the 

final suitable analysis index maps can be produced correctly. 

Analysis results are stored in geo-databases in raster data format 

and made ready for use for site selection analysis.  

 

In the third step, criteria weights are determined that indicate 

the importance levels of the defined criteria relative to each 

other. Different MCDA methods are typically used to calculate 

criterion weights in GIS-based site selection studies. 

MCDA is a set of systematical analysis procedures for 

effectively solving sophisticated decision problems like site 

selection. It aims to relate by splitting the complex decision 

problem into smaller, more simple, and more comprehensible 

partitions so that more significant results can be concluded from 

these partitions. (Malczewski, 1999). With the use of these 

methods, decision-makers develop alternative solutions to find 

the best solution by taking into account many criteria. The main 

purpose of using The common purpose of MCDA methods is to 

kept down the decision-making mechanism under control in 

cases where the number of alternatives and criteria is high and 

to achieve the final decision result as quite easily and quickly as 

possible. The together use of MCDA methods and GIS and can 

be evaluated as a process that converts and associates 

geographical data and decision-makers preferences to achieve 

final knowledge in the decision-making process (Malczewski, 

2007; Malczewski and Rinner, 2015). On the other hand, 

nowadays, there are many MCDA methods. Commonly used 

among these methods are Analytic Hierarchy Process (AHP), 

Analytic Network Process (ANP), Best Worst Method (BWM), 

Technique for Order Preference by Similarity to Ideal Solution 

(TOPSIS), Weighted Linear Combination (WLC) and 

Preference Ranking Organization Method for Enrichment of 

Evaluations (PROMETHEE). The AHP method which is 

proposed by Saaty (1980) has been the most favored method for 

criterion weighting in site selection studies due to its easy use. 

The important issue in the use of the AHP method is to define 

the main criteria groups consistent with a purpose and the sub-

criteria related to these groups in a hierarchical structure. The 

AHP method concentrates on a pair-wise comparison process 

and some mathematical calculations to enhance scales of 

preferences among alternatives decisions (Ustaoglu and 

Aydinoglu, 2020b). AHP method handles different groups of 

decision actors/experts and also can be utilized in stakeholder 

analysis (Ramanathan, 2001; Taibi and Atmani 2017). Criterion 

weights are calculated with the process given in Figure 1 for site 

selection analysis using AHP method.  

 

In the fourth step, a GIS-based analysis implementation model 

is designed for the relevant site selection study. GIS-based 

graphical models can be used to reduce repetitions, automatize 

the geo-analysis process for any site selection application. Also, 

they provide performing the site selection process quickly and 

effectively. Combinations of different geographical analysis 

techniques can be used in the designed models by adapting them 

according to the site selection application requirements. 

Designing GIS-based site selection analysis model can be easily 

performed commercial (e.g. ArcGIS) and open source 

(Quantum GIS) GIS software.  
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Figure 1. The AHP method implementation process (Sisman 

and Aydinoglu, 2020). 

 

In the fifth step, the designed analysis models are run and a site 

selection suitability map is produced. Using the suitability maps 

produced, alternative areas are evaluated with a GIS 

perspective. The implementation methodology for GIS-based 

site selection studies, the general process of which is explained 

by five steps, is summarized in Figure 2. 

 

 

Figure 2. GIS-based site selection methodology general 

process. 

 

4. CASE STUDY 

A GIS-based integrated site selection was designed on the scope 

of investment planning in smart city concept. Among 18 sector 

applications explained before, site selection application for the 

EVCSs was carried out as a case study. 

 

4.1 The study area 

The Pendik district of the Istanbul city was determined as the 

study area for the application of the GIS-based model designing. 

Pendik district, located on the Anatolian side of Istanbul, is a 

district with a coast to the Sea of Marmara. It is surrounded by 

Gebze in the east, Tuzla in the southeast, Şile and Çekmeköy in 

the north, Kartal, Sancaktepe and Sultanbeyli in the west, and 

the Marmara Sea in the south. It has a surface area of 

approximately 278 km2 and has a 9 km coastline. The district 

has 36 neighborhoods and has a population of 726,491 in terms 

of population, according to Turkish Statistical Institute (TUIK) 

2020 data (TUIK, 2020). It is also the fourth district of Istanbul 

and the largest district on the Anatolian side (Figure 3). 

 

 
 

Figure 3. The study area. 

 

4.2 Determining EVCS site selection criteria and weights 

EVSC site selection affecting criteria and criteria weights were 

researched in the literature. For this purpose, 15 criteria defined 

by three main criteria groups, namely Environmental/ 

Geographical, Economic Criteria, and Urbanity Criteria, were 

determined. The criterion weights coefficients, which specify 

the importance levels of the criteria with respect to each other, 

were determined according to Erbaş et al 2018. Main criteria, 

sub-criteria, and definition were explained with criteria weights 

in Table 1. 

 

When Table 1 was examined, the highest main criteria group 

weight belonged to the economic criteria. On the other hand, in 

the Environmental/ Geographical criteria group, distance to 

vegetation; in the Economic Criteria group, EV ownership in 

the service area; in the Urbanity Criteria group Service area 

population had the highest weight. 

 

4.3 GIS-based model design 

Two models were designed using the model builder tool in 

ArcGIS Pro 2.7 software for the GIS-based assessment of 

potential areas to build EVCSs. The first of the models was data 

preparation that is applicable for all site selection models. In 

this model, raster layers were produced by using euclidean 

distance, slope, inverse distance weighted, and kernel density 

geographical analysis techniques for the criteria.  

 

In the second model, the analysis techniques were used for the 

15 criteria affecting the EVCS site selection. A two-stage 

process was performed. In the first stage, all criteria were 

normalized in the range of 0-1 using the raster calculator tool. 

Then, produced maps were reclassified. In the second stage, the 

criteria weights defined in Table 1 were used to take into 

consideration the importance levels of the EVCS criteria in the 

combining process (by weighted sum analysis) of the layers 

produced by the data preparation model. The graphical display 

of the designed GIS-based EVCS analysis model was given in 

Figure 5. However, due to lack of data for the two criteria (1-

Possibility of expansion, 2- EV ownership in the service area), 

raster maps were produced with an entire value of 1. This 

situation does not affect the running of the designed model.  
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Main 

criteria 
Sub-criteria and Definition Weights 

Environ

mental/ 

Geograp

hical 

Criteria  

(0.187) 

Distance to vegetation: Because the 

construction of EVCSs may have 

negative impacts on natural vegetation 
(green spaces), they should be 

constructed away from it. 

0.109 

Distance to water resources: Because 
the construction of EVCSs may have 

negative impacts on city water sources 

(green spaces), they should be built 
constructed away from water sources. 

0.022 

Distance to landslide risk: The EVCSs 

should not be constructed in landslide 

hazard areas. 
0.053 

Slope of land: The EVCSs should be 

constructed on an area that is flat (e.g.no 

more than 7%) for low-construction 
cost. 

0.028 

Possibility of expansion 0.011 

Earthquake risk: The EVCSs should 
be constructed away from earthquake 

areas (fault lines). 
0.039 

Economi

c Criteria  

(0.462) 

Land cost: The land cost of the EVCSs 

should not be high to reduce the total 
costs of construction. 

0.094 

Electric vehicle ownership in the 

service area: In order to provide many 
owners to access charging services, the 

electric vehicle ownership ratio in the 

service area should be high. 

0.197 

Distance to power cut: The EVCSs 

should be constructed in areas away 

from continuously happening power 
cuts. 

0.128 

Urbanity 

Criteria  

(0.351) 

Service area population: It means the 

number of electric vehicles that can 

reach the charging service provided by 

EVCSs. 

0.109 

Proximity to junctions: The EVCSs 

should be close junctions to maximize 
the number of cars that reach the 

service. 

0.059 

Proximity to main roads: The EVCSs 

should be close main roadways to 
maintain the vehicles working. 

0.102 

Proximity to substation: The potential 

location of the EVCSs should be close 
to the substations. 

0.020 

Proximity to petrol station: Because 

hybrid cars use petroleum products, the 
potential location of the EVCSs should 

be close to petrol stations. 

0.009 

Distance to other EVCSs: New EVCSs 

to be constructed should be constructed 
away from other existing EVCSs. 

0.020 

 

Table 1. Weights of criteria computed fuzzy AHP method 

(Adapted from Erbaş et al., 2018). 

 

 

Results can be reproduced quickly if data is available for the 

study area. In addition, raster maps were produced for 15 EVCS 

criteria (Figure 4). The EVCS suitability map produced by the 

consecutive use of data preparation and EVCS analysis model 

for Pendik district of Istanbul was given in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Standardized maps produced by designed models for 

the EVCSs site selection in Pendik, Istanbul 
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Figure 4. (Contiune). 

 

 

 

Figure 5. GIS-based EVCSs analysis model. 
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Figure 6. EVCSs suitability map (produced by designed GIS-based models) for Pendik, Istanbul. 

5. DISCUSSION AND CONCLUSION 

It is of great importance that different sectoral investments such 

as energy, technology, education, logistics, health, industry, 

transportation, construction, tourism, which will be realized in 

globalizing and crowded cities, are made in the most suitable 

city areas. In order to obtain the maximum efficiency from the 

city area for any sectoral investment activity and to develop 

more planned and liveable cities, many decision parameters in 

investment management should be considered rationally by an 

integrated geographical perspective. Today, this assessment can 

be performed quickly thanks to developing GIS-based 

technologies and different MCDA techniques. 

 

In smart cities, a large amount of data is used in the detection 

and solution of geographical problems such as site selection and 

resource allocation for investment planning, and many and 

different criteria are used in which these data are included in the 

process. Evaluation of data related to a large number of criteria 

and criteria leads to a take a long time of the decision-making 

process determining suitable areas in any investment activity. In 

order to take a short time the decision-making process and make 

it more objective, MCDA techniques, in which many criteria are 

evaluated simultaneously from environmental, economic, social, 

and technical respects, can be used effectively. By these 

techniques (e.g AHP, FAHP, BWM) the importance level of 

decision criteria can be determined relative to each other. On 

the other hand, GIS-based models can be designed to automate 

the decision-making process in site selection for any investment 

planning. By the designed models, various geographical 

analyzes can be performed automatically on different data sets. 

In this way, detailed geographical operations that should always 

be done with the designed models can be carried out in a very 

short time. 

 

In summary, quick/real-time and effective decision-support 

strategies can be developed with GIS-based site selection 

models, in which GIS and MCDA techniques are designed in a 

hybrid structure. By the designed models, an integrated and 

planned investment mechanism can be developed for the 

impressive and efficient use of urban resources in smart city 

investments. In addition, the designed models can be adapted 

for different sectoral investment applications, which include 

quite different decision scenarios in the concept of smart cities, 

to offer investors alternative geographic decision support 

strategies. Electrical vehicle and vehicle-to-vehicle network 

technologies are developing nowadays as a part of automotive 

industry. Site selection and optimization problems has been an 

important research issue for these new generation automobiles. 
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