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Abstract The ever-increasing development of cities
due to population growth and migration has led to
unplanned constructions and great changes in urban
spatial structure, especially the physical development
of cities in unsuitable places, which requires conscious
guidance and fundamental organization. It is therefore
necessary to identify suitable sites for future develop-
ment of cities and prevent urban sprawl as one of the
main concerns of urban managers and planners. In this
study, to determine the suitable sites for urban develop-
ment in the county of Ahwaz, the effective biophysical
and socioeconomic criteria (including 27 sub-criteria)
were initially determined based on literature review and
interviews with certified experts. In the next step, a
database of criteria and sub-criteria was prepared.
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Standardization of values and unification of scales in
map layers were done using fuzzy logic. The criteria and
sub-criteria were weighted by analytic network process
(ANP) in the Super Decision software. Next, the map
layers were overlaid using weighted linear combination
(WLC) in the GIS software. According to the research
findings, the final land suitability map was prepared
with five suitability classes of very high (5.86 %), high
(31.93 %), medium (38.61 %), low (17.65 %), and very
low (5.95 %). Also, in terms of spatial distribution,
suitable lands for urban development are mainly located
in the central and southern parts of the Ahwaz County. It
is expected that integration of fuzzy logic and ANP
model will provide a better decision support tool com-
pared with other models. The developed model can also
be used in the land suitability analysis of other cities.

Keywords Land suitability analysis - Urban
development - Fuzzy logic - Analytic network process
(ANP) - GIS - Ahwaz

Introduction

Urbanization and uncontrolled urban growth are the
most important issues facing today’s societies (Van der
Merwe 1997). The physical development of cities is a
continuous and dynamic process in which the physical
spaces of cities expand quantitatively and qualitatively
in horizontal and vertical directions (Lotfi et al. 2009).
Uncontrolled and unplanned physical urban develop-
ment is one of the main problems of urban structure in
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developing countries. In Iranian metropolises, including
Ahwaz, many changes have been applied in the urban
spatial structure due to centralization of industries, ser-
vices, and facilities, as well as unplanned migration,
rapid population growth, increased slum-dwelling, and
development of new residential towns on the periphery
of metropolitan cities. This kind of urban development
leaves adverse effects on ecosystems and the nature and
leads to negative socioeconomic and ecological conse-
quences (Liu et al. 2007).

Ahwaz is the capital of Khuzestan Province in south-
western Iran. It is also the seventh largest county in the
country. According to the population and housing cen-
sus in 2012, the county has a total population of
1,395,184 inhabitants; 40 % of dwellers live in the
suburbs (SCI 2012). Uncontrolled development of the
Ahwaz city is very likely due to the settlement of illegal
immigrants in the city border (MRUD 2008).
Determining an appropriate pattern of physical develop-
ment for cities to meet current and anticipated future
needs is considered a major problem faced in urban
planning, which requires land suitability analyses.
Land suitability analysis is a very important issue faced
by administrators and urban planners to identify the
most appropriate spatial pattern for future land uses
(Collins et al. 2001). It can also minimize envi-
ronmental issues causing tension and conflicts
(Eastman et al. 1995).

Land suitability analysis includes a set of physical,
socioeconomic, environmental, and ecological view-
points measured by conventional criteria (McHarg
1981; Collins et al. 2001). The analysis is carried out
in accordance with special needs and preferences as well
as prediction of certain activities (Malczewski 2004).
Expert knowledge, preferences of decision-makers, and
public participation are scientifically integrated with real
criteria and applied in land suitability analysis. Several
methods have been devised and developed for land
suitability analysis, one of which is a multi-criteria
decision-making technique. This technique is combina-
tions of analytical methods that can help decision-
makers solve complex problems (Malczewski 1999;
Huang et al. 2011). It reduces costs and is of high
potential for spatial decisions (Li et al. 2006; Lotfi
et al. 2009).

According to many case studies in the field of urban
development, the analytical hierarchy process (AHP)
(Liu et al. 2007; Park et al. 2011; Youssef et al. 2011),
weighted linear combination (WLC) (Dai et al. 2001),
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and ordered weighted averaging (OWA) (Malczewski
2006) are widely-used multi-criteria methods. Since the
1990s, the strategy of integrated multi-criteria decision-
making with GIS has received considerable attention
from urban planners to solve the problems of spatial
planning (Malczewski 2004). The integration of multi-
criteria decision-making methods and GIS improves the
previous methods and provides a high-performance tool
for land suitability mapping or selection of suitable sites
for a specific activity (Eastman et al. 1995; Jun 2000;
Mendoza 1997; Malczewski 1999; Chakhar and
Mousseau 2008).

Literature reviews show that this technique has also
been used to evaluate and select suitable sites for urban
development (Bantayan and Bishop 1998; Svoray et al.
2005; Dong et al. 2008; Tudes and Yigiter 2010;
Youssef et al. 2011). In recent years, instead of AHP,
another multi-criteria decision-making technique, ana-
lytic network process (ANP), has been greatly promoted
in researches worldwide (Jharkharia and Shankar 2007).
Despite the complexities of decision-making in the field
of locating suitable areas for urban development, which
involves considering a variety of criteria and interaction
among them, this method compared with the other
methods of multi-criteria decision, especially AHP, is
used less in site selection studies. It is a general and
expanded form of AHP (Saaty 2005) that can be used to
model very complex decisions in real-world problems
involving multiple interactions and dependencies
(Meade and Sarkis 1999). In addition, ANP has a sys-
tematic approach to setting priorities and evaluating
criteria and goals with the use of a relative scale based
on human judgments. ANP can also measure all tangible
and intangible criteria and offer a relatively simple and
cognitive solution to managers and other decision-
makers. Finally, ANP establishes better communication
between decision-makers that will lead to a clearer
understanding of the issue and the subsequent agree-
ment between them (Saaty 2000).

This outstanding feature of ANP has attracted deci-
sion makers in the field of urban planning (Banai and
Wakolbinger 2011; Sabri and Yaakup 2008). On one
hand, in some multi-criteria decision problems such as
land suitability analysis, because of uncertainty and low
accuracy of data and also due to the uncertainty in
determining decision-making criteria, the use of fuzzy
logic theory is highly regarded for standardization of
criteria (Donevska et al. 2012; Chang et al. 2008). On
the other hand, the integration of fuzzy logic and ANP is
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recommended to assign an exact value to each of dis-
crete and continuous data and to obtain correct and
reasonable results from spatial analysis in GIS.

The present study was an attempt to analyze the
suitability of Ahwaz County for urban develop-
ment using biophysical and socioeconomic criteria
as well as by integration of ANP, fuzzy logic, and
WLC in GIS.

Material and methods
Study area

Ahwaz County, with an approximate area of
687,469.23 ha, is located in Khuzestan Province in
southwestern Iran between the longitudes 48° 2'—48°
41" E and the latitudes 30° 54'-31° 7" N . The county
has a dry and hot desert climate. The average annual
rainfall, average relative humidity, and average
annual temperature are 206.43 mm, 46.5 %, and
25.46 °C, respectively. There is a relatively flat
and fertile plain in the northern and central parts,
as well as sandy dunes along the eastern and
western borders stretched parallel to the Zagros
Mountains from the northwest to the southeast
direction. In the southern and southeastern county,
there is an arid barren plain, which is rich in oil
and gas. The topography of this area is generally
similar to the terrain feature of Khuzestan Plain.
The slope varies between 0.04 and 0.06 %.

Materials

The data used in this study include digital maps of
topography (1:50,000) from National Geography
Organization of Iran, digital geological maps
(1:100,000) from Geological Survey of Iran, digital
maps of land capability (1:250,000) from Water and
Soil Research Institute, digital elevation model (DEM),
satellite image of Landsat 8 (OLI-TIRS) in 2013, data
on wells in the area from Khuzestan Water and Power
Authority, hardcopy maps of Ahwaz Urban
Development Master Plan from the Ministry of
Housing and Urban Development, Ahwaz City bound-
ary map for 2012, and the map of residential areas from
the Statistical Center of Iran.

The software used in this research include Super
Decision for paired comparisons and weighting criteria

and sub-criteria effective in site selection of suitable
areas for urban development using ANP method
and ARC GIS 9.3 software to prepare map layers,
process the input data, and perform fuzzification
and overlay analyses. Then, the Map Comparison
Kit (MCK) version 3.2 was used to compare the
final land suitability map with the comprehensive
plan of Ahwaz County.

Methodology
Determination of criteria and sub-criteria

Various stages of this study are shown in Fig. 1. The
determination of criteria is a technical activity based on
theory, empirical researches, or common sense. It should
be noted that there is no comprehensive and global
framework for the determination of a set of criteria to
assess land suitability for urban development.
Therefore, in this study, the determination of criteria
was done based on literature reviews, case studies,
relevant government documents (including laws and
regulations related to urbanization), and ideas and expe-
riences of a group of experts from different disciplines
related to the subject, after compliance with the condi-
tions of Iran.

For this purpose, after initial investigations, a total of
45 sub-criteria were selected for primary screening by
Delphi method. The Delphi method in this study was
conducted using a semi-closed questionnaire. The sur-
vey questionnaires were filled out by 12 experts profi-
cient in urban development, environment, civil engi-
neering, and urban planning and development who were
quite familiar with the area under study. The question-
naire was designed in a way that enables the experts to
grade the importance of each of the listed sub-criteria
using a scale range between 0 and 10. They were
also asked to add new criterion to the list if
necessary. In order to evaluate the sub-criteria,
the importance chart of the sub-criteria was plotted
in which they were sorted by their degree of
importance. The horizontal axis shows the impor-
tance of each sub-criterion and the vertical axis
gives the degree of its importance. Those criteria
that earned at least half the numerical value of
each axis were involved in the site selection anal-
ysis. According to the chart, out of all the listed
sub-criteria, only 27 sub-criteria were selected for
the site selection analysis.
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The percent and degree of importance of each crite-

rion were calculated using Eq. 1 (Daheshvar etal. 2013):

Xi

Zi=y; m;

wherein z; is the weighted score of the i criterion

Yi=

>

in which, the y; is the adjusted weight

A=

max (n;)max (x;)
Xi

Fig. 1 Flow chart of
methodology
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degree of criteria importance =

where A is the maximum achievable score

2= 100

Percentage of criteria importance = =

Z (xi n;)

N

In all of the abovementioned equations, x; is the

primary weight, »; is the number of panelist scored to
each degree of importance, N is the number of respon-
dents, and W is the maximum adjusted weight.

Criteria, in this research, are divided into two main
groups of biophysical criteria (including geological,
water resources, natural disasters, climatologic, and bi-
ological) and socioeconomic criteria (including accessi-
bility, infrastructures, and land use). Geological criterion
in the biophysical group consists of land capability, soil
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erosion, geological formations, slope, aspect, and eleva-
tion. Distance from rivers and streams, distance from
wells, and depth of groundwater are the sub-criteria of
water resources.

The criterion of natural disasters includes the sub-
criteria of distance from faults, seismicity risk, and
distance from flood plains. Climate criterion is com-
posed of the sub-criteria of average annual rainfall,
average annual temperature, percent of relative humid-
ity, and speed of prevalence wind. Distance from
protected areas and land cover density constitutes the
biological criterion.

Accessibility criterion in socioeconomic group in-
cludes the sub-criteria of distance from residential areas,
distance from roads, and distance from airport.
Furthermore, the sub-criteria of distance from gas trans-
mission lines, distance from power transmission lines,
distance from waste disposal centers, distance from
wastewater treatment plants, and distance from industri-
al areas were classified under the category of infrastruc-
ture criterion.

Preparation of map layers

In this study, maps of slope, aspect, and elevation were
prepared from DEM by the Surface Analysis command
in the Spatial Analyst of GIS software. Digital geolog-
ical maps were prepared from Geological Survey of Iran
at the scales of 1:100,000 and 1:250,000. The map
layers of streams and rivers, floodplains, roads, gas
and power transmission lines, airport, and residential
areas were generated from topographic maps
(1:50000) and field visits.

The maps of the position of wells and ground water
depth were prepared according to data obtained from
Khuzestan Province Water and Power Authority. To
produce the map of groundwater depth, the interpolate
function in the GIS software was used. Maps of rainfall,
temperature, humidity, and prevalence wind speed were
prepared by the interpolate function based on the data
from weather stations in the region during the period
from 1980 to 2010. To produce seismicity risk and fault
maps, the relevance hardcopy maps in the Master Plan
of Ahwaz County (MRUD 2008) were digitized.

Digital maps of land use and land cover were derived
from Landsat 8 (OLI-TIRS) satellite images dated back
to 2013. Waste disposal site and water treatment plant
were positioned and mapped using field visits and GPS.
The maps of county boundary in 2012 and residential

areas were prepared from the Statistical Center of Iran
(SCI 2012).

The map layer of the protected areas was obtained
from the Department of Environment. To prepare the
maps of distance from rivers and streams, wells, flood-
plains, roads and highways, faults, gas and power trans-
mission lines, airport, industrial zones, waste disposal
site, wastewater treatment system, residential areas, and
protected areas, the Euclidean distance function in the
GIS software was used. Finally, all the maps were
prepared with the same cell size (30 x 30 m) and geo-
reference system. Accordingly, a spatial database was
formed from the abovementioned map layers in Arc GIS
software, version 9.3.

Standardization of maps

After preparing the criteria maps, the standardization
process was used to unify measurement scales and to
convert them to comparable measurement units
(Eastman 2006). More precisely, to overlay different
layers of criterion maps, their scales should be propor-
tionate to each other. There are several approaches to
provide comparable and standardized criterion maps,
including deterministic, probabilistic, and fuzzy
methods. In this study, the fuzzy method was used to
standardize the data. Fuzzy logic is a form of reasoning
for solving those complex problems that are difficult to
solve through conventional methods (Zadeh 1968).
Fuzzy logic differs from conventional dichotomous log-
ic because it permits objects to belong partially to mul-
tiple sets and can have intermediate values (Donevska,
etal. 2012)

The standardization process in the fuzzy method is
through reconfiguration of values in the form of a fuzzy
set membership. S-shaped, J-shaped, and linear func-
tions are the most commonly used functions in fuzzy set
(Burrough et al. 1992). In this study, the standardization
of the map layers was done using expert opinion and
based on criteria and standards in the field of urban
development in Iran and other resources listed in
Table 1. In this study, the sub-criterion maps were
standardized according to the expertise opinion and
knowledge of relationships between the sub-criteria,
using increasing or decreasing linear functions and with
formulation by the Raster Calculator tool in GIS soft-
ware. Accordingly, the values of the map layers were
converted to comparable measurement units between
zero and 255 (Eastman 2006).
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In this case, the maximum value that represents
the greatest suitability belongs to the maximum
membership of 255 and the minimum value that
represents the lowest suitability belongs to the
least membership value of zero in the fuzzy set.
For further analysis, different sub-criteria maps
were rasterized, because calculations in raster
formats are less complex than vector format. A
number of standardized maps are depicted in
Fig. 2.

Weighting of criteria and sub-criteria using ANP

ANP is the extended and general form of AHP.
This method was proposed in 1996 by Thomas L.
Saaty, which recently gained more popularity. In
the AHP method, the underlying assumption is
based on independent performance of groups in
the upper levels of hierarchy from all parts in the
lower levels (Chung et al. 2005), while many of
the decision issues cannot be presented in a hier-
archical structure due to dependencies between
criteria, sub-criteria, and alternatives in the same
level, as well as dependencies between the upper
and lower levels of a hierarchy. This led Saaty to
develop the ANP.

In the ANP method, the decision-making prob-
lem is presented in a network of criteria and
alternatives categorized into clusters. All compo-
nents of the network within and between clusters
are somehow related to each other. Network struc-
ture and pairwise comparisons are the two main
elements of ANP to represent the decision problem
and to establish relationships within the structure,
respectively, by which complex settings could be
modeled accurately and interdependency among
the elements will be handled. This would be pos-
sible by the supermatrix: a two-dimensional matrix
assigning the relative importance weights of indi-
vidual pairwise comparison matrices. The overall
supermatrix is made up by eigenvector values of
the adjusted relative importance weights
(Aragonés-Beltran et al. 2010). The ANP method
includes the following steps:

(1) Identification of the network components and their
relationships

In the network structure, first of all, the purpose

of the study is raised clearly and then a logical

system is created in the form of a simple network
including a number of clusters consisting of a num-
ber of elements. In this research, the structure was
implemented using expert judgment in the Super
Decision software shown in Fig. 3. The ANP, in
this study, included three types of dependen-
cies: first, the hierarchy controlling the depen-
dency between the criteria and the sub-criteria
network; second, the relationships between
clusters and elements; and third, feedback be-
tween the different clusters and the elements
within a cluster.

As the figure suggests, elements within a
cluster, in some cases, are associated with
one or all of the elements in other clusters
(influenced by them or over them). These
relationships (external dependency) are
shown by the arrows. In cases of bilateral
dependency between the two groups, the
arrow is double-headed. Furthermore, ele-
ments within a cluster are interrelated
among themselves (interdependence) that
these relationships are shown as a bow at-
tached to the cluster.

(i) Pairwise comparisons of the elements using ratio
scales

Similar to the AHP method, in this study, the
elements within each of the clusters were com-
pared pairwisely based on their importance in re-
lation to the control criteria. In other words, the
weights of the elements were determined by aver-
aging the experts’ scores on the questionnaires
about the relative importance of various elements.
The clusters were also compared pairwisely based
on their role and their impact on achieving the
research goal.

Moreover, the interdependencies of the el-
ements within a cluster were compared
pairwisely. Similar to AHP, the relative im-
portance of the elements were determined
based on Saaty’s nine-point scale so that the
number 1 represents that the two elements are
equally important and number 9 shows ex-
traordinary importance of an element to the
other element. The value of a;; in pairwise
comparison matrix shows the relative impor-
tance of the component in /™ row compared
to that of in the /™ column. In other words,
aj; = Wi /Wj.
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Fig. 3 Network model of land suitability analysis for urban development

After the formation of the pairwise com-
parison matrix, in order to calculate the rela-
tive weight of each element (w) and to deter-
mine the local priority vector, the eigenvector
method was used in accordance with Eq. 2 in
which 4 is pairwise comparison matrix, W is
eigenvector, and A, is the greatest eigenval-
ue in the matrix A4:

AW = Apaxw (2)

Consistency ratio (CR) checks the consis-
tency of judgments for each pairwise compar-
ison based on Eq. 3 It indicates the serious-
ness of consistency violations and the extent
of trust to the judgments. The values <0.1
mean that the judgments are acceptable; oth-
erwise, re-judgments would be required (Saaty
and Vargas 2000):

CcI

CR=— 3)

where CI is the consistency index of the
pairwise comparison matrix that is estimated
using Eqs. 4 and 5 based on the largest

(iii)

eigenvector (\,,.) value and the size of ma-
trix (n), and RI is the random consistency
index calculated by a reciprocal matrix:

)\max_n
cr =2 4
n—1 ()

Creation of unweighted supermatrix

The concept of supermatrix is similar to
the process of Markov chain (Saaty 1996).
To achieve the global priorities in a system
with interdependent influences, local priority
vectors are inserted in the appropriate col-
umns of a matrix known as supermatrix. In
other words, a supermatrix is a categorized
matrix in which each part illustrates the rela-
tionship between the elements and clusters in
a system. If the element in the left column of
the matrix has no effect on the elements in
the top rows, then the corresponding value
will be considered zero at the supermatrix. In
this phase, the resulting relative importance
weights (eigenvectors) were placed in the
pairwise comparison matrices within the
supermatrix to create the unweighted
supermatrix, which is shown in Table 2.
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g § § § % (iv) Creation of weighted supermatrix
The blocks of the unweighted supermatrix were
weighted using the corresponding priorities of the
< e qes clusters to create the column-stochastic weighted
NI == = = supermatrix. Columns in the supermatrix are com-
posed of several eigenvectors of sum of vectors.
The sum of each of which is equal to one. It is
R possible that the sum of each column in the primary
NS supermatrix is more than one (proportional to the
eigenvectors that exist in each column). Therefore,
in order for the sum value in each column be equal
al28:z2¢8 to 1, it is required to standardize each column of the
8 R I matrix by factorizing the elements of the column
£ based on their relative weight. As a result, a new
% o .o matrix called weighted matrix is obtained in which
= SEEREER the sum of each column will be equal to one. This
is similar to Markov chain in which the stochastic
sum of all conditions is equivalent to 1. The
© o o < weighted matrix is provided in Table 3, which is
E § § E § obtained from multiplying the data of the cluster
matrix by the unweighted supermatrix and normal-
izing the resulting matrix.
aleges (v) Formation of limit matrix
Slss3s3 In the next step, the weighted supermatrix is
g raised to limiting powers in order to converge the
% matrix elements until the values in the matrix rows
3 -1 £28:28 are equal to each other (Eqgs. 4 and 5). The resulted
<lalssss< matrix is presented in Table 4.
w = lim W* (5)
k—o0
A EEEE
21228
§ Results and discussion
Slalsezs
[ B == == After conducting the steps mentioned, the weight of
each of the sub-criteria (map layers) was calculated
using the ANP method shown in Table 5. The weighted
e | 2823 map layers were later combined using WLC as the
—|lec==-° simplest commonly used multi-criteria decision-making
i method (Eastman 2001). The combination was done
& based on Eq. 6 by the Raster Calculator command in
g 2 § g § % GIS software:
'6\ n
g S=Y WX, (6)
g i—1
: where S is the suitability degree, n is the number of
2 factors (sub-criteria), 1¥; is the weight of the factor 7, and
& X; is the fuzzy value of the factor i.
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Table 5 Weights of sub-criteria (map layers) determined by ANP method in Super Decision software

Sub-criteria Weights Sub-criteria Weights
Distance from faults 0.074 Elevation 0.005
Distance from flood plains 0.041 Slope 0.006
Seismicity risk 0.042 Distance from protected areas 0.032
Percent of relative humidity 0.005 Land cover density 0.010
Average annual rainfall 0.007 Distance from airport 0.032
Average annual temperature 0.010 Distance from residential areas 0.100
Speed of prevalence wind 0.003 Distance from roads 0.069
Distance from rivers 0.048 Distance from gas transmission lines 0.012
Distance from wells 0.008 Distance from industrial areas 0.046
Depth of groundwater 0.021 Distance from waste disposal center 0.023
Soil erosion 0.040 Distance from power transmission lines 0.016
Land capability 0.055 Distance from wastewater treatment plant 0.004
Geological formations 0.024 Land use 0.078
Aspect 0.008

Land suitability maps for urban development will be
derived after applying the abovementioned equation,
according to which the weights were multiplied by the
relevant fuzzified map layers. Then, the weights of the
map layers were added together to get an initial output
map. The output is a raster map with a value range
between 0 and 255. Higher values (close to 255) indicate
more suitability of land for urban development, while

Legend

lower values (close to zero) show the lands with poor
suitability for urban development. The output map was
converted to vector format and re-classified into five
suitability classes of very high, high, medium, low,
and very low. This map shows the classification of
suitable lands for urban development in the county of
Ahwaz shown in Fig. 4. The proportion of each suitabil-
ity class is given in Table 6.

According to the obtained results, out of the entire
study area (687,469.23 ha), the suitability of
40,901.13 ha ( 5.95 % of the study area) is very low
for urban development. The low and medium suitable
lands extend over an approximate area of 121,311.36 ha
(17.65 %) and 265,481.55 ha ( 38.61 %), respectively.
Highly suitable lands occupy 219520.98 ha ( 31.93 %),
scattered mainly in the southern parts of Ahwaz County.
Areas with very high suitability cover an area of 40,
254,21 ha ( 5.86 %) within the central and eastern parts

Table 6 Area of suitability classes for the physical development
of Ahwaz County

@ Very Low Suitability
@D Low Suitability

D Medium Suitability
@D High Suitability
@ Very High Suitability

0510

20

30 Km

Fig. 4 Final land suitability map for the physical development of

Ahwaz County

@ Springer

Suitability class Area (ha) Area (%)
Very low 40,901.13 5.95
Low 121,311.36 17.65
Medium 265,481.55 38.61
High 219,520,98 31.93
Very high 40,254,21 5.86
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of the county. The final land suitability map indicates
suitable and prioritized lands for urban development.

Subsequently, in order to ensure the accuracy of the
final land suitability map, it was compared with the land
suitability map of the comprehensive plan of Ahwaz
County dated back to the year 2007 (Fig. 5). The com-
parison has been made by MCK software based on
kappa coefficient. The kappa coefficient of 0.54, which
falls within the acceptable range of 0.4-0.6 showed
moderate and acceptable compliance of these two maps.

In this study, the analysis of land suitability for urban
development in the county of Ahwaz was carried out
with the help of a set of decision-making rules including
fuzzy logic techniques and ANP in GIS software. The
results of this study showed that the integration of GIS
with ANP, due to involving all effective criteria and sub-
criteria as well as experts’ opinion in the site selection
process, could provide a suitable framework to solve
complex urban planning and management issues. In
particular, the GIS is capable of managing many rele-
vant spatial data and integrating data of several map
layers to provide a comprehensive spatial database of
available suitable lands for development, which in turn
helps in problem solving.

Since the creation of the database in GIS software
needs accurate information, the input data must have the
proper resolution and decision-making criteria are care-
fully chosen. GIS, due to being fast, precise and

>f

s

R S

Legend

@D Very Low Suitability

@D Low Suitability

D Medium Suitability

@D High Suitability

@ very High Suitability 0 510 20 30Km

Fig. 5 Final land suitability map extracted from comprehensive
plan of Ahwaz County

operational, is a capable and efficient tool for analyzing
data and providing valid results for presenting appropri-
ate patterns of urban development. So, the system would
be an effective and important tool for sustainable plan-
ning and management of natural and human resources.
It could also adjust interaction between these resources
with the urban development of Ahwaz County.

In addition, the combination of ANP and fuzzy logic
in this study overcomes many of the deficiencies and
drawbacks of previous methods and leads to increased
accuracy of the final decision. Reviewing the relevant
literature, it was found that many of these studies have
been conducted based on the conventional site selection
methods such as Boolean models, overlapping, and
AHP. Accordingly, the use of new models such as
ANP and considering greater number of criteria and
sub-criteria in land suitability analysis are what distin-
guish the present study from other similar studies.

The use of less important criteria and ignoring the
more important items is another drawback observed in
some of the studies. In this study, attempts were made to
shortlist to an extent possibly the most important and
influential biophysical and socioeconomic criteria ac-
cording to previous studies and local conditions.
Moreover, the use of expertise opinion in selecting and
weighting of criteria and sub-criteria based on their
experience and knowledge on the subject and also the
local conditions had an important role in achieving the
desired results.

Conclusion

In this study, the analysis of land suitability for urban
development in the county of Ahwaz was carried out
with the help of a set of decision-making rules including
fuzzy logic techniques and ANP in GIS software.

The results of this study indicated that ANP is a more
powerful and more realistic technique than are other
methods used in relevant studies. Because ANP, in
addition to the features of AHP method such as flexibil-
ity, simplicity, and the use of qualitative and quantitative
criteria simultaneously, considers the interaction of dif-
ferent levels of decision relative to each other, as well as
internal interrelationships and dependencies of decision
criteria within a level, which are ignored practically in
other methods of decision-making.

Complexity and structure of feedback from locating
suitable areas for urban development has revealed the
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necessity of using this method in prioritizing them.
However, the structural development of decision sup-
port model involving identification of all relationships
between clusters and elements and the expression of
various expert opinions in relation to the decision ob-
jectives in the ANP method is more difficult than in the
AHP method. The results of this method at this level of
scale and scope are greatly satisfying. Obviously, the
accuracy of the final map is largely dependent on the
accuracy of base maps and pixel sizes. If greater accu-
racy is desired, assessment should be done in a smaller
area, with a larger scale and smaller pixels.

The results could also assist planners and experts to
formulate an appropriate plan for sustainable develop-
ment of the study area. Therefore, the development of
appropriate strategies and guidance of residential centers
toward suitable lands can prevent the spread of settle-
ments in unsuitable areas and better preserve the envi-
ronmental resources of the study area.

This study is a supplement of the previous paper on
change detection in the county conducted Malmir et al.
(2015). It is also expected that with slight changes on the
model, it is used for other cities and provinces with
similar conditions.

In the end, in order to avoid scattered urban sprawl
and harmonize the physical development of cities, cen-
tralized management of cities is strongly recommended.
It is also suggested to create a database of different land
uses in the city to control unplanned constructions re-
gardless of environmental considerations. Also, in order
to achieve sustainable urban development, the develop-
ment patterns should be proportionate to the lands sur-
rounding the Ahwaz County. It is also recommended to
develop appropriate and local criteria and use applicable
models such as the multi-criteria evaluation model.
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