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Abstract: This article discusses in a simplified manner how to use the multiple functions of the
Geographic Information System (GIS) to support the engineering decision for vital and important sites
that require the decision-maker to have a high degree of certainty, such as the decision related to choosing
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spatial and non-spatial analysis to choose the appropriate site for the project as those related to choosing
an airport location. Nineteenth criteria were considered to analyze the study area which is represented
by three governorates of the middle Euphrates region in Iraq, Babil, Kerbala, and AL-Najaf. Finally,
the research presented a practical and efficient approach for the decision maker to select the appropriate
location for the airport based on the value of the highest suitability index.
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1. Introduction

As engineers on various projects, every day we may have to make decisions, the size
and importance of these decisions are closely related to the size and importance of the
project. Decisions should be made wisely under different circumstances with different
amounts of knowledge about alternatives and outcomes [1]. The decision making process
is one of the priorities for the success and sustainability of any construction project, as in
most construction projects the decision-makers have to make decisions on an almost daily
basis and they must have a logical justification for these decisions, as wrong decisions have
a heavy legacy in terms of quality and time, and therefore cost and project success [2].
There are still other, unknown methods for making decisions on construction sites, despite
the accumulated experience on which decision makers can rely on those sites [3]. Making
typical decisions requires the decision-maker to arm with technology and appropriate
application to do so. Multi-criteria decision making (MCDM) technology is one of the
applications established to support the decision-maker mechanism. MCDM is used in
many fields, including airports, which is used to derive the selected criteria weights. The
analytic hierarchy process (AHP) is one of themost common tools inMCDM [4] which was
proposed by Saaty [5], which is a highly effective tool for tackling the complex decision-
making processes that include many options and alternatives [6], its work is based on the
pairwise comparison matrix system and is a powerful and easy tool for qualitative and
quantitative analysis of multi-criteria problems [7], it also provides a unique advantage
as the expert can check the consistency of weights by checking the consistency ratio
(CR) in pairwise comparisons instead of using the direct selection method for weights.
Many studies have used the AHP method with GIS to evaluate the weights of the criteria
in determining the appropriate sites [8–15]. GIS is one of the most important tools of
the decision support system, especially in the field of spatial projection. Geographical
Information Systems (GIS) is an increasingly important and widely accepted technology as
ameans of decision support in resources, infrastructure, environmentalmanagement, spatial
analysis, and urban planning [16]. GIS technologymixes common database operations such
as statistical analysis and inquiry with the unique visualization and geographic analysis
benefits offered bymaps. In other words, GIS is a tool of great importance in the integration
between database systems and maps [17]. In the recent past, the airport was included under
the term (Aerodrome), which is the place from which aircraft flight operations are carried
out, regardless of whether they involve cargo or passengers or not. As for the modern term
under the title (Airport), it refers to a certain stature (having satisfied certain certification
criteria or regulatory requirements) that an aerodrome may not have achieved [18]. Airport
construction is associated with economy, technology, national politics, military affairs,
transport networks, tourism geographical environment ,and industrial enterprises [19],
thus, the problem of airport planning (internal airport planning and on-site planning) is no
longer a simple problem, but rather a special process that deals with a complex and dynamic
engineering system and not a simple facility planning process. One of the indicators of
the development of countries is the number and quality of airports in this country, where
the International Civil Aviation (IOCA) Organization classifies airports according to their
size, the service provided by them, as well as the quality of their aircraft. In Iraq, there
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are six airports distributed from north to south of Iraq, and the seventh airport is under
construction in Karbala governorate by comparing the number of airports between Iraq
and neighbouring countries, it is noted that Iraq is in the last rank, and this does not fit
in terms of the relative importance between area and population [20]. In most developing
countries, and in Iraq in particular, the difficulties and obstacles facing large and strategic
projects do not lie in the designs or the cost, but rather in the method used in choosing
the appropriate site for the project, which is subject to quick, ill-considered decisions or
political wrangling, which leads to the exclusion of the appropriate location for the project
in many sometimes the idea of the project fails, and this is because the fieldwork and
the standards followed may not be compatible with the type of the project. This research
presents a simple method according to analytical logic to predict the appropriate location
for establishing an airport from among many proposed sites.

2. Previous studies

Several studies have been conducted to obtain the best location for airports, where some
researchers went to choose the location of the civil airport through the use of GIS [21], to
evaluate the choice and orientation of passengers [22], or by relying on different indicators
to form models for selecting the location of the airport [23].
From the literature review for choosing the best airport site, the study of Bambiger

and Vandersypen [24] who adopted in their study qualitative multi-criteria evaluation of
the airport site problem, Neufville and Keeney [25], who applied the multiple, attributes
method to search the airport site among two alternative sites for the airport nearMexicoCity.
Saatcioglu [26] used three methods of programming models to determine the location

of the airport, and Horner [27] conducted a study that includes a review of the location
of airports and airstrips in Ireland by applying the technique of the location-allocation
algorithm.
Janic and Reggiani [28] found the same results when applying three multi-criteria

decision-making methods, the analytical hierarchy process, simple additive weighting, and
the technique for order preference by similarity to the ideal solution on seven pre-selected
locations as potential locations for selecting a typical airport location for a virtual airline
of European Union.
As for Wang [29] he created the index system of the model and used the knowledge

system of the expert. Sur and Majumder [30] used the mathematical entropy model and
the cost of construction per person as criteria to help alternatives to locate the airport in
developing countries. Yang et al. [31] studied the possibility of determining the optimal
locations of airports by expanding a quantitative method, taking into account the possibility
of access to airports by land and air transport.
Sennaroglu et al. [32] conducted a study to select the best site for the military airport

from among many candidate sites, using the multi-criteria decision technique. The study
of Zhao et al. [9] focused on the necessity of avoiding the establishment of an airport on
the migration routes of birds.
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Finally, the study of Arkan and Sherida [4], which includes choosing the appropriate
location for the airport, by taking 23 criteria related to the local features of the study scope, in
Libya, where the researchers used analytic hierarchical process and rank order centroid with
GIS to evaluate the weights of criteria for choosing the appropriate location for the airport.
As a summary of what was mentioned above in the literature review, it was found

that there are two approaches related to the airport site selection problem, namely, the
optimization approach (the mathematical approach), and the ranking approach (factors
assessment), and in both approaches, there are some defects, for example in the problems
of the ranking approach, the primary objective is to pre-identify potential locations for
airports to be evaluated later, although some possibilities may be inadvertently overlooked,
while one of the disadvantages o of the optimization method is that the criteria used are
very narrow, which in most cases is related to the distance from the airport and the number
of residents [33]. To overcome the shortcomings of the approaches mentioned above and to
develop the quality of solving the problem of the airport location, integrating GIS software
with MCDM methods is adopted in this study.

3. Study area

The Middle Euphrates is the geographical region located south of the capital Baghdad
in the Euphrates river basin and is considered the most fertile area in Iraq, which includes
five governorates, namely Najaf, Kerbela, Al-Diwaniyah, Babel, and Al-Muthanna. The
study area is represented by Al-Najaf, Kerbela, and Babel governorate, which is located
between the longitude lines from 42◦42′20.704′′ to 45◦9′23.81′′ E and latitude lines from
29◦52′21.37′′ to 33◦5′12.44′′N, where three governorates were chosen for the study area
among five governorates for the reason that the previous idea of the government was to
establish an airport in one of the three aforementioned governorates, currently there are
two airports in the study area and the other is under study, which are Al-Najaf international
airport in Al-Najaf governorate, Karbala International airport in Karbala governorate and
the proposed site for the construction of Babel International Airport in Babil Governorate,
in addition to the foregoing, these three provinces contain religious shrines that make them
a focus for attracting visitors from most of the Islamic world. The research hypotheses
include choosing the best site for establishing an airport by analyzing the study area
according to international criteria for selecting airports, as well as ignoring the current and
proposed sites for airports and considering them as an exposed area and an extension of the
surrounding area before its establishment. From the literature, the factors most frequently
considered for selecting airport locations are the airport service cover distance and the
population size [33]. It was noted that the population of the three governorates, Babel,
Karbala, and Najaf was 2,231,136, 1,316,750, and 1,589,961, respectively, according to
the data of the Iraqi ministry of planning – Central Bureau of Statistics, 2021. In general, to
choose the site, the analysis process goes through several stages, starting from the process
of spatial analysis of the data acquired for the study area to neutralize its size little by little
to a smaller area and thus can be easily dealt with [34]. The geographical location of the
study area, roads, rivers, and other information are shown in Fig. 1.
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Fig. 1. Study area and location

4. Methodology

Expert choice version 11 software for MCDM (AHP method) and Environmental
systems research institute GIS (Esri ArcGIS version 10.8 software) were used to site
suitability analysis and thus determine an airport location according to the flowchart shown
in Fig. 2.

Fig. 2. The flow chart of the methodology



474 A.K. MANEA

4.1. Selection of criteria

One of the necessary steps for most studies is a selection of criteria, which are a starting
point for collecting the necessary data on which the effectiveness of decision-making steps
is built. At airports, the adoption of the relevant standards is entirely dependent on the local
features of the study zone, regulations (International Civil Aviation Organization (ICAO),
applicable rules [35–37], literature review of previous researchers [26,27,31], Federal Avi-
ation Administration (FAA) [38], availability of the data including maps, expert opinion
documents, etc. Five main categories of decision criteria were used for selecting airport
locations; namely, environment consideration, topographical conditions, infrastructure fa-
cilities, climatic factors, and operational conditions. These main criteria can be divided into
several secondary criteria. Hence the total number of the applied criteria is 19, as shown
in Table 1.

Table 1. Criteria of the study area

S.NO Criteria S.NO Criteria

1 Distance from residential regions (noise
and pollution) 11 Soil characteristics

2 Land cover 12 Distance from water streams

3 Precipitation 13 Proximity to roads

4 Temperature 14 Proximity to water resources

5 Clearness index 15 Proximity to power lines

6 Wind speed 16 Distance from oil wells and fields

7 Atmospheric pressure 17 Distance from refineries and industrial
factories

8 Relative humidity 18 Distance from lines of oil and gas and

9 Elevation above sea level 19 Proximity to cities centers

10 Slope of land

4.2. Data collection

Data collection is a very important process to assess and integrate the study, in this
study, the input data were collected from a variety of sources, and these sources differ in
terms of resolution. To make this data applicable so all this data will be geo-referenced
within the GIS environment using the Transverse Mercator projection system (WGS1984
UTM Zone 38N). Then, numerous steps were followed in GIS to get the final required
layers (such as clip, convert, proximity, overlay, and extract) and, finally, changing those
vectors map to a raster format, Table 2 shows the data for the study zone.
For climate data: (temperature, precipitation, atmospheric pressure, wind, humidity,

clearness index), which was gotten from NASA Imagery Satellite (power.larc.nasa.gov)
and making the layers as the following: 1. Preparing a grid of points covering the study
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Table 2. Data collected for the study zone

Criteria Source Utilized to Create Layer

Slope, elevations,
water streams

United States Geological Survey
(USGS)

Satellite Imagery [39]
earthexplorer.usgs.gov

Slope (%), elevation (m), distance
from water stream

Roads, power lines,
water resources

Open Street Map Satellite
Imagery [40]

www.openstreetmap.org

Proximity to roads, proximity to
power lines proximity to water

resources

Precipitation,
temperature, wind,
atmospheric

pressure, clearness
index, humidity

National Aeronautics and Space
Administration

Satellite Imagery [41]
power.larc.nasa.gov

The appropriate degree of
temperature (C), the suitable wind
speed (m/sec), the value of

atmospheric pressure (KPa), the
higher clearness index, the less
value of relative humidity.

Oil and gas lines,
oil fields and oil
wells, refineries

Petroleum geology of Iraq
(hard copy)

Distance from lines of oil and gas,
distance from oil wells and
discovery fields, distance from
refineries and industrial factories

Land cover
Esri Releases New 2020 Global

Land
Cover Map [42]

Selecting the appropriate land

Soil characteristics Atlas Iraq map 1:5,000,000
(hard copy) Select the suitable type of soil

area well, in this study, 50 points were selected, distributed regularly over the study area;
2. From the NASA website, the required study data is obtained, represented by the latitude
and longitude of each point, and the value of each criterion according to the unit of
measurement, provided that the period time for measurement and the type of data (daily,
annual) are predetermined which is exported in the form of an excel file; 3. Next for every
point in the grid, the average of the required data is calculated; 4. After that, this data of every
point is entered into the GIS program to GIS software and by the command of (3D analyst
tools – Raster interpolation – Kriging) from Arc toolbox the raster layer is obtained. Later,
startingwith version 10, Esri Company developed a tool ArcGIS Editor OSMwhich can use
directly by the software to download shapefiles of infrastructure for any required study zone.

4.3. Reclassifying and weighing of criteria

To set criteria in layers and then performing the weighted overlay process for all
layers, this requires that the criteria be in the same units usually, and therefore requires
standardization to make the units of measurement uniform – during this process quantities
typically lose their measurement units as well as their dimensions [43]. To perform the

earthexplorer.usgs.gov
www.openstreetmap.org
power.larc.nasa.gov
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weighted overlay process and then produce the suitability index map, it requires converting
all the input layers into raster layers and reclassifying them to be included in this process
as shown in Fig. 3, Fig. 4, Fig. 5, Fig. 6 and Fig. 7. Information available from expert

Fig. 3. Reclassified raster layers for the residential region, land cover, precipitation, and temperature
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opinions, particular specification and literature review regarding safe distances around the
airport, adequate distance from obstructions and infrastructure available with the rest of

Fig. 4. Reclassified raster layers for clearness index, wind speed, atmospheric pressure, and relative
humidity
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the qualifications needed to set the location of the airport were used to determine the
reclassification by setting rating values from 1 to 9 (from least to most convenient.), as
shown in Table 3.

Fig. 5. Reclassified raster layers for elevation, slope, soil types, and water streams
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Fig. 6. Reclassified raster layers for roads, water resources, power lines, and oil wells and fields
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Fig. 7. Reclassified raster layers for refineries, lines of oil and gas and centers of cities
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Table 3. Reclassification of input layers

Main Criteria Sub-Criteria Reclassification Score Source

Environment
Considerations

Distance from
residential regions
(Noise and
pollution)

<18,000 m
18,000÷25,000 m
25,000÷40,000 m
>40,000 m

1
9
7
3

[35],
[44],
[45]

Land cover

Bare ground
Rangeland
Crops

Flooded vegetation
Trees

Built Area
Water

9
8
6
4
2
1
1

[46]

Climatic factors

Precipitation
(mm/day)

0.137÷0.271
0.2711÷0.405
0.4051÷0.539

9
8
7

[36]

Temperature (C)
36.031÷36.837
36.8371÷37.643
37.6431÷38.448

9
8
7

[36]

Clearness index
0.675÷0.682
0.6821÷0.689
0.689÷0.697

7
8
9

[35]

Wind speed (m/s)
3.475÷3.759
3.7591÷4.043
4.0431÷4.328

9
8
7

[35],
[37],
[38]

Atmospheric
pressure (KPa)

96.351÷97.839
97.8391÷99.327
99.3271÷100.814

7
8
9

[36]

Relative humidity
%

30.006÷32.534
32.5341÷35.062
35.0621÷37.590

9
8
7

[36]

Topographical

Elevation (m)

0÷37
37÷60
60÷85
85÷112
112÷127

1
3
7
8
9

[36]

Slopes (%)

0÷2.29
2.29÷4.25
4.25÷6.87
6.87÷10.15
10.15÷13.7
>13.7

9
8
7
5
3
1

[36]

Continued on next page
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Table 3 – Continued from previous page

Main Criteria Sub-Criteria Reclassification Score Source

Topographical Soil type

Stony desert land
Sand dune land

Lake
Alluvial clay soil

Saline lake bottom land
Active dune land

Periodically flooded soils
Basin depression soils
River levee soil

Mixed gypsiferous desert land
Silt soil

Poorly drained land

9
3
1
5
1
1
1
1
7
8
7
2

[35]

Distance from
water streams

<300
>300

1
9 [47]

Infrastructure

Proximity to major
roads

<100 m
100÷5000 m
5000÷10000 m
10000 m- 25000 m

>25000

1
9
8
5
3

[35],
[48]

Proximity to water
resources

<3000 m
3000÷6000 m
6000÷9000 m
>9000 m

9
7
5
2

[35]

Proximity to
power lines

<3000 m
3000÷6000 m
6000÷12000 m
>12000 m

9
7
5
2

[35]

Operational
conditions

Distance from Oil
wells and fields

<8000 m
>8000 m

1
9 [49]

Distance from
Refineries

<8000 m
>8000 m

1
9

[35],
[50]

Distance from
Lines of oil and

gas

<500 m
>500 m

1
9

[35],
[51]

Proximity to cities
centers

<10000 m
10000÷20000 m
20000÷30000 m
30000÷40000 m
>40000 m

9
8
7
5
3

[35]
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5. AHP implementation

AHP is a structured technique for dealingwith complex decisions based onmathematics
and psychology by providing a comprehensive and rational framework for structuring
decision problems, setting goals and criteria, and evaluating alternative solutions [52].
It is clear that the task of evaluating the weights of the factors depends mainly on the
understanding of the attributes of the factors and the characteristics of the study area, as
well as the expertise of the expert related to the process of weight evaluation. However, the
process of improving the evaluation and weighing of standards using techniques such as
AHP has seen significant efforts to achieve it [53]. The hierarchical analysis process consists
of several logical and systematic steps that include analyzing the problem hierarchically,
and include a general goal at the top, a series of choices for each goal, and finally, a set
of criteria or features that link the options and goals together, where the graph represents
the first step of the analysis of the problem in In light of the general objective, criterion
and decision alternatives, where the pyramid starts from the top by fixing the problem and
clarifying themain criteria at the second level, and then the decision alternatives (secondary
criteria) at the next level as shown in Fig. 8. After the graphic representation of the target
and alternatives it will go to the step of forming a series of pairwise comparison matrices
(PCM), where the experts assess the relative importance of the criteria for each pairwise
comparison matrix using a scale from 1 to 9 as shown in Table 4. Saaty [54] denoted the
specified nine-item measure, in which 9 means absolute preference, 7 is highly probable,
5 is probable, etc. until 1 is of equal importance.

Fig. 8. Hierarchy structure of main and sub-criteria
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Table 4. The comparison scale in the AHP method [55]

Value of a, b Interpretation

1 Objectives a and b are of equal importance

3 Objective a is moderate importance than objective b

5 Objective a is strong importance than objective b

7 Objective a is very strong importance than objective b

9 Objective a is extreme importance than objective b

2, 4, 6, 8 Medium values

Concerning the rest of the steps of AHP analysis, it includes several mathematical
operations, which must start with the design of a square matrix, which is characterized
by the following conditions [56]: 1. Its diameter must be 1 integer because it represents
the comparison of the criterion with itself; 2. The values above the diameter are equal
to the inverse of the values below the diameter, and vice versa; 3. The judgments (values
entered by experts) should be free of contradiction by calculating the consistency rate (CR),
which is a measure of the expert’s mistake or an indication of the degree of consistency or
inconsistency [57]. If CR <10%, the pairs comparison matrix (PCM) is acceptable and the
weights value is valid, otherwise in this case, some pairwise comparisons of the parameters
require rearrangement, after which the cycle is followed several times until the point at
which an optimal value of CR <0.10 can be obtained. It can be said that the fewer variables
in one group, with the homogeneity of these variables with each other in this group and
a good understanding of the problem by decision-makers, all improves the consistency
index and thus Decision makers avoid re-evaluating the relative importance of pairs of
comparison between factors [58]. In this study Expert choice version 11 software was used
to analyze the data and obtain the weights of the factors, which saves effort and time, as
well as ease of application, this can be summarized in four main steps, as follows: 1. Design
the Comparison matrix of the main and sub-criteria as Table 5, Table 6, Table 7, Table 8,
Table 9, and Table 10; 2. Open Expert choice software, then open a new file and give it a
specific name and save it in the appropriate place on the computer, then the saved file is
opened and determine Goal and below it the name of criteria or sub-criteria are entered;

Table 5. Comparison matrix of the main criteria

Criteria Environment Climate Topography Infrastructure Operation

Environment 1 2 1 2 1

Climate 1/2 1 1/3 1/2 1

Topography 1 3 1 1/2 1

Infrastructure 1/2 2 2 1 1

Operation 1 1 1 1 1
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Table 6. Comparison matrix of sub-criteria of environment

Sub-Criteria Noise and pollution Land cover

Noise and pollution 1 2

Land cover 0.5 1

Table 7. Comparison matrix of sub-criteria of climate

Sub-Criteria P T CI WS AP RH

Precipitation 1 1 0.5 0.5 1 0.5

Temperature 1 1 0.5 0.5 1 0.5

Clearness index 2 2 1 1 2 1

Wind speed 2 2 1 1 2 1

Atmosphere pressure 1 1 0.5 0.5 1 0.5

Relative humidity 2 2 1 1 2 1

Table 8. Comparison matrix of sub-criteria of topography

Sub-Criteria Elevation Slopes Soil types Water stream

Elevation 1 0.5 0.5 0.5

Slopes 2 1 1 0.5

Soil types 2 1 1 2

Water stream 2 2 0.5 1

Table 9. Comparison matrix of sub-criteria of infrastructure

Sub-Criteria Roads Water Electricity

Roads 1 0.5 0.5

Water 2 1 1

Electricity 2 1 1

3. Select pairwise numerical comparison to enter the matrix values, noting that only the
values above the main diagonal of the matrix are entered and the program automatically
extracts the values below the main diagonal as shown in Fig. 9; 4. Select pairwise graphical
comparison then properties derived from pairwise comparison by which the graph of the
criteria ,as well as the weights are obtained with the value of consistency rate for each group
of criteria under the main goal as in Fig. 10, Fig. 11, Fig. 12, Fig. 13, Fig. 14, and Fig. 15.
Thus, the relative weights of the main and sub-criteria computed using AHP method can
be seen in Table 11, in which the total weight of stage 3 is the product of multiplying the
weight of stage 1 by the weight of stage 2.
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Table 10. Comparison matrix of sub-criteria of operational

Sub-Criteria Distance from oil
wells and fields

Distance from
refineries

Distance from lines
of oil and gas

Distance from
cities center

Distance from oil
wells and fields 1 0.5 1 0.5

Distance from
refineries 2 1 2 1

Distance from lines
of oil and gas 1 0.5 1 0.5

Distance from
cities center 2 1 2 1

Table 11. Main criteria, sub-criteria, and their relative weight computed by the AHP method

Stage1 Stage2 Stage3

Main criteria Weight Sub-criteria Weight Total Weight

Environment 0.254
Noise and pollution 0.67 0.170

Land cover 0.33 0.084

Climate 0.117

Precipitation 0.111 0.013

Temperature 0.111 0.013

Clearness index 0.222 0.026

Wind speed 0.222 0.026

Atmosphere pressure 0.111 0.013

Relative humidity 0.222 0.026

Topography 0.212

Elevation 0.136 0.029

Slopes 0.237 0.050

Soil types 0.340 0.072

Water stream 0.287 0.061

Roads 0.2 0.045

Infrastructure 0.227 Water 0.4 0.091

Electricity 0.4 0.091

Operation 0.189

Distance from oil wells and fields 0.167 0.032

Distance from refineries 0.333 0.063

Distance from lines of oil and gas 0.167 0.032

Distance from cities center 0.333 0.063

Total Weight 1
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Fig. 9. The interface of the Expert choice software with entering the names
and relative values of the criteria

Fig. 10. The relative weight and consistency ratio of main criteria by Expert choice software

Fig. 11. The relative weight and consistency ratio of sub-criteria of climate by Expert
choice software

The integration between ArcGIS software 10.8 and AHPMethod produces a suitability
model and then produces the final output map, and this step is done by adding all the
reclassified raster layers of criteria and overlaying all criteria weights obtained by the AHP
method using theWeighted Sum feature which exist in Overlay box which is located within
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Fig. 12. The relative weight and consistency ratio of sub-criteria of operational by Expert
choice software

Fig. 13. The relative weight and consistency ratio of sub-criteria of infrastructure by Expert
choice software

Fig. 14. The relative weight and consistency ratio of sub- criteria of the environment by Expert
choice software

Fig. 15. The relative weight and consistency ratio of sub-criteria of topography by Expert
choice software

Spatial Analyst Tools of Arc Toolbox, the final map is divided into 6 categories, starting
with score 4 and ending with score 9, with a specific description of suitability including
average-to-good suitability, good suitability, very good suitability, excellent suitability, and
perfect suitability as shown in Fig. 16.
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Fig. 16. Output map of applying the GIS–AHP method

6. Result and discussion

From the outputs of the suitability index, it was found that the output map represented in
Fig. 16, which was obtained through the application of the AHP method, includes 6 classes
of suitability index, and each class occupies a certain area of the study zone, where class 5
(average to good suitability) with an area of 17950 km2, or about 49% of the total area of
the study zone, followed by class 6 (good suitability) with 10989 km2, 30% of the study
zone, class 7 (very good suitability), 3772 km2, 10% of the study zone, class 8 (excellent
suitability), 1999 km2, 5% of the study zone, class 4 (average suitability), 1441 km2, 4%
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of the study zone, and the last class 9 (perfect suitability), 365 km2, which constitutes 1%
of the total area of the study zone.
Through designing the suitability model using the ArcGIS software version 10.8 by

adding the maps of the reclassified raster layers, each of them represents one of the criteria
included in the selection of suitability for the airport within the multi-criteria decision
method, and then overlaying the weights of the criteria obtained by AHP method, it turns
out that there is an exceptional integration between the ArcGIS software and the AHP
method, especially that there are specific boxes within the ArcGIS software to overlay the
weights of criteria and its layers to obtain appropriate indicators, spatial or other depending
on the type of study.
By projecting the location of the current and proposed airports in the study area

and the outputs of the suitability index, it was found that the current location of Najaf
International Airport and Karbala International Airport were fallen within category 7 (very
good suitability), while it was found that the proposed location of Babylon International
Airport falls within category 6 (good suitability), this indicates that there are obstacles in
this area designated for the airport, as it is possible to change the proposed location of the
airport until there are areas of category 7 and 8, in this province.
It is clear from the outputs of the suitability analysis, Fig. 16, that the percentage of

suitable areas for constructing an airport represented by classes 7, 8, and 9 is 17% of
the total area of the study zone, while the areas less suitable for constructing an airport
constitute 83% of the study zone, represented by classes 4, 5, 6, where Karbala province
occupies the first place in the proportion of suitable areas, followed by Najaf province
and then Babylon in the last place. This result is due to Iraq’s lack, especially within the
scope of the study, of infrastructure services represented in the distribution of water, roads
and electricity network, as well as the result of the random distribution of the population,
especially in agricultural areas, and the absence of modern cities, which negatively affected
the population factor as well as the land cover factor where all these factors are part of the
19 criteria selected to represent the scope of the study.

7. Conclusions

This research presents an integrated model that combines the AHP method, one of
the multi-criteria decision analysis methods, and GIS technology, taking advantage of
international environmental standards to obtain an effective and practical technique for
analyzing the extent of spatial suitability, and thus choosing the best site for establishing
an airport in the Middle Euphrates region in Iraq.
19 of the criteria included in the selection of airports were used in proportion to the

scope of the study area, which are converted into layers within a series of operations by GIS
technology, ending with overlay weight analysis process to analyze the spatial suitability
for the establishment of an airport in the middle Euphrates region. These criteria were land
cover, distance from residential areas, height above sea level, relative humidity, atmospheric
pressure, wind speed, clarity index, temperature, precipitation, soil properties, the slope of
the land surface, distance from streams, proximity to resources water, proximity to roads,
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proximity to electric power lines, distance from oil wells and fields, distance from factories
and oil refineries, distance from city centers and distance from oil and gas lines.
The weights of the criteria have been set by the AHP method, based on the salient

features of the study area, regulations, applicable global rules, expert opinion, and literature
review of previous research. The suitability map included six categories from 4 to 9, which
are 4 (average suitability), 5 (average to good suitability), 6 (good suitability), 7 (very good
suitability), 8 (excellent suitability), and 9 (perfect suitability).
There is a great agreement between the outputs of this study and reality, and this

indicates the accuracy of the performance of the work of the model, which can be exported
as an effective tool to support multi-criteria decision-makers.
The conclusions of the study zone can be summarized as follows:
1. There are no recent and accurate studies in Iraq related to evaluating the reality
of aviation and airports, and there are no special determinants for the locations
of international and local airports within a specific area, except for some planning
determinants that revolve around the spatial expectation of the airport in a way that
ensures easy access to it or ensures the safety of the urban centers it serves from
aviation accidents.

2. The large size of the unsuitable area for the construction of airports, about 83%
compared to the appropriate area, which is about 17%, and this are attributed to the
lack of infrastructure services in Iraq, and in particular the study area, represented
by road, electricity and water networks.

3. The land cover criterion indicates the appearance of large areas of barren land, offset
by the appearance of a randomexpansion of the population around themain cities, and
the absence of modern cities due to poor urban planning, which negatively affected
the exit of large areas of land that could have been good sites for the construction of
airports.

4. When interrupting the output map with the current and potential locations of the
airports within the scope of the study, it turns out that the Najaf International Airport
in the Najaf province and the Karbala International Airport in the Karbala province
are within the appropriate areas for establishing airports, while the potential location
of Babel International Airport is within the unsuitable areas for establishingAirports,
and it is possible to change the proposed location of Babel Airport as long as there
are suitable areas for establishing airports in the governorate, located in the far east
of the governorate, as is clear on the map.

References
[1] B. Swanson, R. Bentz, and A. Sofranko, “Improving the organization and management of extension”,

Improving agricultural extension. A reference manual. Rome: FAO, 1997. [Online]. Available: https://www.
fao.org/3/w5830e/w5830e00.htm. [Accessed: 13. Dec. 2019].

[2] S. W. Poon and A.D.F. Price, “Decisions made on construction sites”, in 15𝑡ℎ Annual ARCOM Conference,
15-17 September 1999, vol. 2,W. Hughes, Ed. Liverpool JohnMoores University, association of Researchers
in Construction Management, 1999, pp. 589-594.

[3] D.B. Ashley, U. Ken, and B. Robinson, “Critical decision-making during construction”, Journal of Con-
struction Engineering and Management, ASCE, vol. 109, no. 2, pp. 146–162, 1983.

https://www.fao.org/3/w5830e/w5830e00.htm
https://www.fao.org/3/w5830e/w5830e00.htm


492 A.K. MANEA

[4] T.E. Erkan andW.M. Elsharida, “Combining AHP and ROC with GIS for airport site selection: a case study
in Libya”, International Journal of Geo-Information, vol. 312, no. 9, 2020, DOI: 10.3390/ijgi9050312.

[5] T. L. Saaty, The analytical hierarchy process, planning, priority. McGraw-Hill, 1980.
[6] P. T. Chuang, “Combining the analytic hierarchy process and quality function deployment for a location
decision from a requirement perspective”, International Journal of Advanced Manufacturing Technology,
vol. 18, pp, 842–849, 2001.

[7] H. Yousefi, Z. Javadzadeh, Y. Noorollahi, and A. Yousefi-Sahzabi, “Landfill Site selection using a multi-
criteria decision-making method: A case study of the Salafcheghan special economic zone, Iran”, Sustain-
ability, vol. 10, no. 4, 2018, DOI: 10.3390/su10041107.

[8] A. Chabuk, N. Al-Ansari, H. M. Hussain, J. Laue, A. Hazim, S. Knutsson, and R. Pusch, “Landfill
sites selection using MCDM and comparing method of change detection for Babylon Governorate, Iraq”,
Environmental Science and Pollution Research, vol. 26, pp. 35325–35339, 2019, DOI: 10.1007/s11356-
019-05064-7.

[9] B. Zhao, N. Wang, Q. Fu, H.-K. Yan, and N. Wu, “Searching a site for a civil airport based on bird
ecological conservation: An expert-based selection”, Global Ecology and Conservation, vol. 20, 2019,
DOI: 10.1016/j.gecco.2019.e00729.

[10] A. Barakat, A. Hilali, M. El Baghdadi, and F. Touhami, “Landfill site selection with GIS-based multi-
criteria evaluation technique. A case study in Béni Mellal-Khouribga Region, Morocco”, Environmental
Earth Sciences, vol. 76, art. no. 413, 2017, DOI: 10.1007/s12665-017-6757-8.

[11] M. Uyan, “MSW landfill site selection by combining AHP with GIS for Konya, Turkey”, Environmental
Earth Sciences, vol. 71, pp. 1629–1639, 2014, DOI: 10.1007/s12665-013-2567-9.

[12] C. Kara and N. Doratli, “Application of GIS/AHP in siting sanitary landfill: A case study in Northern
Cyprus”,Waste Management and Research, vol. 30, pp. 966–980, 2012,DOI: 10.1177/0734242X12453975.

[13] M. Eskandari, M. Homaee, and S. Mahmodi, “An integrated multi criteria approach for landfill siting in
aconflicting environmental, economical and socio-cultural area”, Waste Management, vol. 32, pp. 1528–
1538, 2012, DOI: 10.1016/j.wasman.2012.03.014.

[14] H. Ersoy and F. Bulut, “Spatial and multi-criteria decision analysis-based methodology for landfill site
selection in growing urban regions”, Waste Management and Research, vol. 27, pp. 489–500, 2009.

[15] A. Gemitzi, C. Petalas, V.A. Tsihrintzis and V. Pisinaras, “Assessment of groundwater vulnerability to
pollution: A combination of GIS, fuzzy logic and decision making techniques”, Environmental Geology,
vol. 49, pp. 653–673, 2006, DOI: 10.1007/s00254-005-0104-1.

[16] K. Fedra and R. F. Reitsm, Decision support and geographic information system. Austria, 1990.
[17] D.T. Hai, and T.T. Phin, “Utilization of Geographic Information System (GIS) for urban manage-

ment of RachGia City, Vietnam”, Archives of Civil Engineering, vol. 68, no. 2, pp. 521-530, 2022,
DOI: 10.24425/ace.2022.140656.

[18] ICAO Asia and Pacific Office, Asia-Pacific regional guidance on requirements for the design and operation
of water aerodromes for seaplane operations. Bangkok, 2010. [Online]. Available: https://www.caa.lk/
images/stories/pdf/APRAST/APRAST11_Final%20Report.pdf. [Accessed: 20. May. 2019].

[19] Y. Liao andF.Bao, “Research on airport site selection based on triangular fuzzy number”,Applied Mechanics
and Materials, vol. 505-506, pp. 507–511, 2014.

[20] E.S. Jaseim, “Determine Airport Location on Kirkuk using remote sensing technique and GIS”,M.A. thesis,
Department of Astronomy and Space, Iraq, 2015.

[21] B. Huang, J. Lin, X. Zheng, and X. Fang, “Airport Site Selection under Complex Airspace Based on GIS”,
in ICTE 2013, Safety, Speediness, Intelligence, Low-Carbon, Innovation. Chengdu, China: ASCE, 2013,
pp. 2188–2194.

[22] B.P.Y. Loo, “Passengers airport choice within multi-airport regions (MARs): Some insights from a stated
preference survey at Hong Kong International Airport”, Journal of Transport Geography, vol. 16, pp. 117–
125, 2008.

[23] W. Luan, X. Zhang, B. Zhao, and Q. Cai, “Airport locating under the influence of high-speed railway
competition”, Dalian Haishi Daxue Xuebao/Journal of Dalian, vol. 38, no. 3, pp. 77–79, 2012.

https://doi.org/10.3390/ijgi9050312
https://doi.org/10.3390/su10041107
https://doi.org/10.1007/s11356-019-05064-7
https://doi.org/10.1007/s11356-019-05064-7
https://doi.org/10.1016/j.gecco.2019.e00729
https://doi.org/10.1007/s12665-017-6757-8
https://doi.org/10.1007/s12665-013-2567-9
https://doi.org/10.1177/0734242X12453975
https://doi.org/10.1016/j.wasman.2012.03.014
https://doi.org/10.1007/s00254-005-0104-1
https://doi.org/10.24425/ace.2022.140656
https://www.caa.lk/images/stories/pdf/APRAST/APRAST11_Final%20Report.pdf
https://www.caa.lk/images/stories/pdf/APRAST/APRAST11_Final%20Report.pdf


SITE SUITABILITY ANALYSIS FOR CONSTRUCTION OF AN AIRPORT . . . 493

[24] M.S. Bambiger and H. L. Vandersypen, Major Commercial Airport Location: A Methodology for the
Evaluation of Potential Sites. Evanston, USA: Northwestern University, 1969.

[25] R.L. Keeney and R.D. Neufville, “Use of decision analysis in airport development for Mexico City”, in
Analysis of Public Systems; Chapter 23, A. W. Drake, R. L. Keeney, P. M. Morse, Eds. Cambridge: M.I.T.
Press, 1972, pp. 497–519.

[26] O. Saatcioglu, “Mathematical programming models for airport site selection”, Transportation Research
Part B: Methodological, vol. 16, pp. 435–447, 1982.

[27] B.A.A. Horner, “Population Distribution and the Location of Airports in Ireland”, in Proceedings of the
Royal Irish Academy, Section C: Archaeology, Celtic Studies, History, Linguistics and Literature, vol. 80C.
Royal Irish Academy, 1980, pp. 159–185.

[28] M. Janic and A. Reggiani, “An Application of the Multiple Criteria Decision Making (MCDM) Analysis to
the Selection of a New Hub Airport”, European Journal of Transport and Infrastructure Research, vol. 2,
pp. 113–141, 2002, DOI: 10.18757/ejtir.2002.2.2.3692.

[29] Z. Wang, L. Cai, X. Chong, and L. Zhang, “Airport Site Selection Based on Uncertain Multi-Attribute
Decision Making, in Logistics: The Emerging Frontiers of Transportation and Development in China.
Reston, USA: ASCE, 2009, pp. 647–654.

[30] K.K. Sur and S.K. Majumder, “Construction of a New Airport in a Developing Country, Using Entropy
Optimization Method to the Model”, ICSRS Publication, vol. 8, pp. 29–34, 2012.

[31] Z. Yang, S. Yu, and T. Notteboom, “Airport location in multiple airport regions (MARs): The role of land
and airside accessibility”, Journal of Transport Geography, vol. 52, pp. 98–110, 2016.

[32] B. Sennaroglu and G. V. Celebi, “A military airport location selection by AHP integrated PROMETHEE
and VIKOR methods”, Transportation Research Part D: Transport and Environment, vol. 59, pp. 160–173,
2018, DOI: 10.1016/j.trd.2017.12.022.

[33] A. Merkisz-Guranowska, M. Bieńczak, M. Kicinski, “Location of Airports – Selected Quantitative Meth-
ods”, Scientific Journal of Logistics, vol. 12, pp. 283–295, 2016, DOI: 10.17270/J.LOG.2016.3.8.

[34] A. Karkazi, T. Hatzichristos, A. Mavropoulos, B. Emmanouilidou, and A. Elseoud, “A. Landfill siting
using GIS and fuzzy logic”, in Proceedings of the Eight International Waste Management &Landfill
Symposium, Sardinya, Italy, 1–5 October 2001. 2005. [Online]. Available: http://www.epem.grpdfs2001_
2.Pdf. [Accessed: 13 January 2005].

[35] International Civil Aviation Organization (ICAO), Airport Planning Manual, vol. 1. Montreal, QC, Canada:
ICAO, 1987, pp. 1–156.

[36] International Civil Aviation Organization (ICAO), Aerodrome Design Manual-Part 1 Runways. Montreal,
QC, Canada: ICAO, 2006.

[37] International Civil Aviation Organization (ICAO), Aerodromes Design & Operations, vol. 1. Montreal, QC,
Canada: ICAO, 2018.

[38] Federal Aviation Administration (FAA), Advisory Circular: Updates to Standards for Taxiway Fillet, vol. 1.
Washington, DC, USA: FAA, 2014, pp. 1–308.

[39] Earth Explorer-Home. [Online]. Available: https://earthexplorer.usgs.gov. [Accessed: 30. Jan. 2019].
[40] Open Street Map. [Online]. Available: https://www.openstreetmap.org/#map=16/30.4070/19.6091. [Ac-

cessed: 30. Dec. 2019].
[41] NASA POWER, Prediction of Worldwide Energy Resources. [Online]. Available: https://power.larc.nasa.

gov. [Accessed: 1. Jul. 2020].
[42] Esri Releases New 2020 Global Land Cover Map. [Online]. Available: https://www.esri.com/about/

newsroom/announcements/esri-releases-new-2020-global-land-cover-map. [Accessed: 5. Jan. 2020].
[43] H.A. Effat and O.A. Hassan, “Designing and evaluation of three alternatives highway routes using the

Analytical Hierarchy Process and the least-cost path analysis, application in Sinai Peninsula, Egypt”, The
Egyptian Journal of Remote Sensing and Space Sciences, vol. 16, pp. 141–151, 2013.

[44] H.Min, E.Melachrinoudis, and X.Wu, “Dynamic expansion and location of an airport: Amultiple objective
approach”, Transportation Research Part A: Policy and Practice, vol. 31, pp. 403–417, 1997.

[45] C. Thomas, “Noise related to airport operations community impacts”, Environmental Management at
Airports: Liabilities and Social Responsibilities. London, UK: Thomas Telford Publishing, 1996, pp. 8–34.

https://doi.org/10.18757/ejtir.2002.2.2.3692
https://doi.org/10.1016/j.trd.2017.12.022
https://doi.org/10.17270/J.LOG.2016.3.8
http://www.epem.grpdfs2001_2.Pdf
http://www.epem.grpdfs2001_2.Pdf
https://earthexplorer.usgs.gov
https://www.openstreetmap.org/#map=16/30.4070/19.6091
https://power.larc.nasa.gov
https://power.larc.nasa.gov
https://www.esri.com/about/newsroom/announcements/esri-releases-new-2020-global-land-cover-map
https://www.esri.com/about/newsroom/announcements/esri-releases-new-2020-global-land-cover-map


494 A.K. MANEA

[46] M.J. Harrison, S.A. Gauthreaux, and L.A. Abron-Robinson, “Proceedings, Wildlife Hazards to Aircraft
Conference and Training Workshop, Charleston, SC, USA, 22–25 May 1984”. Washington: Office of
Airport Standards, DC, USA, 1984.

[47] G.R.C. Authority, Grand River Conservation Authority. Cambridge: GRCA, 2005.
[48] M. N. Postorino and F. G. Pratico, “An application of the Multi-Criteria Decision-Making analysis to a

regional multi-airport system”, Research in Transportation Business & Management, vol. 4, pp. 44–52,
2012.

[49] S. Tong, Z. Wu, R. Wang, and H. Wu, “Fire Risk Study of Long-distance Oil and Gas Pipeline Based on
QRA”, Procedia Engineering, vol. 135, pp. 369–375, 2016, DOI: 10.1016/j.proeng.2016.01.144.

[50] J.C. Gonzalez, “Screening Facility Site Selection Considering Environmental and Community Cri-
teria, with the Application of Geographical Information Systems (GIS)”, 2002. [Online]. Avail-
able: https://era.library.ualberta.ca/items/50c100d5-0450-4551-b953-5efc1940571b/view/9c5e9f46-694d-
4129b78a-0fc42f0af89f/MQ81376.pdf. [Accessed: 15. Dec. 2020].

[51] J.S. Haklar and R. Dresnack, “Safe separation distances from natural gas transmission pipelines”, Journal
of Pipeline Safety, vol. 1, pp. 3–20, 1999.

[52] V.M. Vijayachandran, “An AHP framework for Balancing Efficiency and Equity in the United states Liver
Trans Plantation System”, M.A. thesis, Industrial Engineering University of South Florid, 2006.

[53] A. Gemitzi, C. Petalas, V.A. Tsihrintzis, and V. Pisinaras, “Assessment of groundwater vulnerability to
pollution: A combination of GIS, fuzzy logic and decision making techniques”, Environmental Geology,
vol. 49, pp. 653–673, 2006, DOI: 10.1007/s00254-005-0104-1.

[54] T.L. Saaty, The Analytic Hierarchy Process: Planning, Priority Setting, Resource Allocation (Decision
Making Series). USA: McGraw-Hill, 1980.

[55] P.T. Chuang, “Combining the analytic hierarchy process and quality function deployment for a location de-
cision from a requirement perspective”, The International Journal of Advanced Manufacturing Technology,
vol. 18, pp. 842–849, 2001, DOI: 10.1007/s001700170010.

[56] N. Bhushan and K. Rai, Strategic Decision Making: Applying the Analytic Hierarchy Process. Cham,
Switzerland: Springer Science & Business Media, 2007.

[57] Y. Chen, J. Yu, and S. Khan, “Spatial sensitivity analysis of multi-criteria weights in GIS-based land
suitability evaluation”, Environmental Modeling & Software, vol. 25, pp. 1582–1591, 2010.

[58] S. Sener, E. Sener, B. Nas, and R. Karagüzel, “Combining AHP with GIS for landfill site selection: A case
study in the Lake Beysehir catchment area (Konya, Turkey)”, Waste Management, vol. 30, pp. 2037–2046,
2010, DOI: 10.1016/j.wasman.2010.05.024.

Received: 2022-08-25, Revised: 2022-12-02

https://doi.org/10.1016/j.proeng.2016.01.144
https://era.library.ualberta.ca/items/50c100d5-0450-4551-b953-5efc1940571b/view/9c5e9f46-694d-4129b78a-0fc42f0af89f/MQ81376.pdf
https://era.library.ualberta.ca/items/50c100d5-0450-4551-b953-5efc1940571b/view/9c5e9f46-694d-4129b78a-0fc42f0af89f/MQ81376.pdf
https://doi.org/10.1007/s00254-005-0104-1
https://doi.org/10.1007/s001700170010
https://doi.org/10.1016/j.wasman.2010.05.024

	Ali Kadhim ManeaSite suitability analysis for construction of an airport in the middle Euphrates – Iraq, using a GIS-based AHP technique

