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Abstract

Land evaluation is a key factor in land-use spatial planning, affecting both success and sustainability. This study showcases
the value of using the multi-criteria evaluation (MCE) and multi-objective land allocation (MOLA) GIS decision-making
tools determine the most favorable spatial development of various land-use types, for Qaleh Ganj County in Iran. Weighted
linear combination (WLC) and ordered weighted averaging (OWA) were used to assess the potential of seven land uses
based on predefined criteria. MOLA was also used for land-use zoning based on suitability. The results derived from these
techniques indicate that the rangeland zone with 30.80% and the ecotourism zone with 22.9% have the highest suitability
potential, and aquaculture with 0.26% and tourism with 0.24% have the lowest potential in Qaleh Ganj. Considering the 7
land uses and a lot of defined criteria, MCE and MOLA provided an automatic and flexible way of dealing with qualitative
multi-dimensional environmental effects, factors, constraints and objectives. The combination of WLC and OWA helped to
manage selection factors differently, as their level of risk and trade-off is different. The result can be considered as optimal
suitability maps with an environmental preservation goal which can help to protect the natural environment of this area, and
will also allow for continued economic development. The approach described in this study can help developing countries and
the sensitive area facing environmental challenges due to rapid development. This approach and its application procedures
can be applied to similar territorial contexts, where several territorial factors should be considered and taken into account.

Article Highlights

e The study illustrates the advantages of using automatic MCE and MOLA methods for spatial planning in Iran
with emphasis on environmental preservation vision.

e The offered approach (a combination of WLC and OWA) for suitability land evaluation would help to protect the
natural environment of the urban while allowing for continued economic development.

¢ Considering factors as 2 distinct groups of environmental relevant and cost relevant factors and treat them based
on their level of a trade-off for land-use suitability assessment.

e MOLA as an automatic zoning procedure represents a potential solution to the conflict between zoning types of
land use and contributes to the optimization of site selection. This helps to minimize subjectivity in land use plan-
ning.
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Introduction

In recent years, spatial planning and development have
increasingly focused on environmental protection issues
(Tortora et al. 2015; Romano et al. 2015; Memarbashi et al.
2017), where increased economic growth and human activity
have continuously impacted on land-use selection and deter-
mination (Chen 2014; Jafarian and Kavian 2013). Spatial
planning, including land-use development, is known as one
policy focus area that plays an influential role in effective
natural resource management (Yiannakou and Salata 2017).
Land suitability assessment practices are considered as part
of the solution for effective land-use allocation and land-use
planning (Bocco et al. 2001; Bunruamkaew and Murayama
2012; Briassoulis 2019; Rossiter 1996). Assessing land suit-
ability is a key strategy for promoting sustainable develop-
ment in land-use planning (Ostovari et al. 2019). The suit-
ability of land for a particular land use varies greatly due to
different biophysical qualities and characteristics. Therefore,
land suitability evaluation and land-use planning require
large amounts of different data (quantitative and qualitative
criteria) (Nguyen et al. 2015).

The use of quantitative methods, such as multi-criteria
decision making (MCDM), in land-use suitability proce-
dures, allows for the effective use of heterogeneous data
(Mosadeghi et al. 2015). According to Malczewski and
Rinner (2015), MCE has been used in a variety of applica-
tions for spatial decision analysis and management situa-
tions. The authors emphasize compensation methods, par-
ticularly weighted linear combination (WLC) and ordered
weighted averaging (OWA), which is a generalization and
extension of the WLC model.

These two aggregation methods attempt to overcome the
lack of sensitivity of traditional Boolean overlay techniques.
For instance, in contrast to Boolean suitability aggregation
that assumes a crisp boundary and certainty, WLC and OWA
allow trade-offs between criteria by weighting the normal-
ized criteria according to their relative importance (Jiang
and Eastman, 2000; Hanssen et al. 2018). Several studies
demonstrate the potential of the integrated approach in using
GIS and MCE (WLC or OWA) for land evaluation (Akbari
et al. 2019; Bunruamkaew and Murayama 2012; Chivasa
et al. 2019; Comber et al. 2010; Jamil et al. 2018; Karimi
et al. 2020; Motlagh and Sayadi 2015; Masoodi et al. 2016b;
Zolekar and Bhagat 2015; Zabihi et al. 2019; Sumida and
Valente 2019; Shuaibu Kara 2019). These studies showed
that these approaches provide more accurate results for land
suitability than the Boolean classification, also in some stud-
ies, WLC was compared to the OWA aggregation method. In
one case, Sumida and Valente (2019) used WLC and OWA
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to define land suitability in the south-eastern part of Sdo
Paulo, Brazil, and according to their results WLC provided
more general and less flexible solutions, but OWA provided
a greater number of possible spatial planning scenarios most
suitable to the researcher’s goals. Other studies (Hajizadeh
et al. 2020; Hanssen et al 2018) have shown OWA to have a
high potential for modeling complex decision problems due
to a new concept in this method called order weights.

In this study, we used the MCE (a combination of WLC
and OWA) method for land evaluation for seven different
land uses (objectives), which may lead to conflicting land-
use suitability between some of the land uses evaluated,
which means that, in some cases (e.g., industrial develop-
ment and horticulture), the land could only be assigned to
one use and not both. In this respect, MOLA is considered as
a spatial optimization model that assigns appropriate uses to
specific land units subject to multiple objectives/parameters
and constraints (Dai and Ratick 2014; Song and Chen 2018).
Thus, there is no overlap or conflict between defined zones
in the final land-use suitability (zonation) maps. MOLA is
known as a solution to resolving objective conflict (Eastman
2003; Ichwani et al. 2018).

Surprisingly, through searching the scientific literature
we found few publications on the zoning of terrestrial envi-
ronments for multiple land uses using MOLA (Fataei and
Mohammadian 2015; Hajehforooshnia et al. 2011; Mehri
et al. 2018; Mahmoodzadeh et al. 2019; Shaygan et al. 2013;
Sitko and Scheer 2019) which focus mainly on the natural
environment or protected areas but not on the mixed envi-
ronment of urban and natural areas (peri-urban to rural)
land-use planning. The integration of MCE with GIS and
MOLA has significantly advanced conventional map overlay
approaches (Zhang et al. 2013). MCE and MOLA allow one
to assess the relative priorities of a region based on criteria
and indicators for that region and provide a framework for
solving multi-objective land allocation problems in cases of
conflicting objective cases (Hajehforooshnia et al. 2011). No
research on the MCDM approach has been conducted so far,
in particular using the OWA and MOLA method for multiple
land-uses zoning town environments in Iran, which will be
discussed in this paper.

Research Objective

The main aim of this study was to apply MCE with a fuzzy
approach and Analytical Hierarchy Process (AHP), inte-
grated with GIS, to evaluate the area of Qaleh Ganj, Iran,
for the optimal spatial mix of seven land-use types (aqua-
culture, arable land, horticulture, rangelands, industrial
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development, tourism, and ecotourism), based on optimum
potential suitability, with a focus on environmental preser-
vation. This included using an automatic MOLA model to
minimize subjectivity in defining the zonation of specific
land uses across the county.

Specifically, we investigate:

How can be solved the WLC problem (complete trade-
off between factors) by using a GIS-based OWA method
with a multi-criteria approach?

-How can the critical factors, through their relative
weights imported into GIS-based MCE capabilities,
help decision-makers in land-use planning now and in
the future?

How can the MOLA model contribute to zoning multiple
land uses and contribute to solving land suitability con-
flicts in the urban environment?

Materials and Methods
Study Area

Qaleh Ganj (a.k.a. Ghaleh Ganj) County (27° 31" 25" N and
57° 52" 52" E) is located in the south of Kerman Province
in south-eastern Iran (Fig. 1), with an area of approximately
10,440 km?.

It is situated in a region with a low elevation to sea level
(350-1000 m), low rainfall, and extensive sandy deserts. It
should be noted that the protected area MARZ is situated in
Qaleh Ganj County with a total area of 213,578 ha (Fig. 1).

Data Collection and Preparation Using GIS

Data used in this study were collected from a variety of
sources (Table 1); layers showing land-use and access routes
were corrected using a satellite image (Landsat ETM+,
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Fig. 1 Location of Qaleh Ganj County town in southern Iran
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Table 1 List of data and sources
(data acquisition) for land-use

Data

Source

planning of Qaleh Ganj County,

Iran topographic map (1:25,000)

Vegetation cover, land use, land capability

Soil and geology maps

Climatic data and maps

Digital elevation model (DEM), original boundary,

Iran National Cartographic Center

Forests, Range and Watershed Management
Organization of Iran

Geological survey and mineral exploration of Iran

Iran Meteorological Organization
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2018), and control points were determining by field surveys.
Existing land-use map of study is shown in Fig. 2.

Methodology

In this research, we use land suitability analysis to deter-
mine the optimal position for different land uses by com-
bining GIS and MCDM techniques. This consists of two
main steps: (1) evaluation of land suitability for different
land uses using multi-criteria evaluation (MCE), (2) zoning
using multi-objective land allocation (MOLA) (Fig. 2).

Evaluation of Land Suitability by MCE

The purpose of MCE is to investigate options among several
possibilities from multiple criteria and multiple objectives
(Mensour et al. 2019). In this method, multiple criteria are
aggregated into a single evaluation score for each decision
alternative. The mathematical model of multi-criteria land
suitability evaluations is expressed as Eq. 1 (Mendoza 2000):

S=f(x1,x2,...,xn), e))

where S represents land suitability measures, and x|, x,,...,
x,, are the criteria affecting the suitability of the land.

The multi-criteria analysis based on GIS was carried out
using three methods: Boolean overlay, weighted linear com-
bination (WLC), and ordered weighted averaging (OWA). In
addition, the analytical hierarchy process has been applied
to determine the weighting of the criteria.

The Boolean overlay led to the identification of suit-
able sites and the elimination of others without taking into
account the level of suitability, and these drawbacks can be
solved by weighting the factors and aggregating them with
procedures based on the weighted average (WLC and OWA
methods).

Therefore, in this research, we applied these two later
methods for land suitability.

WLC compensatory decision rules are a widely used GIS-
based decision support tool (Malczewski, 2006). This method
involves a multi-stage process of (1) defining objectives, (2)
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Fig.2 Multi-criteria and multi-objective flowchart in this study for land-use planning in Qaleh Ganj County
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choosing the criteria to measure the objectives, (3) specify-
ing alternatives, (4) assigning weights to the criteria, and (5)
applying the appropriate mathematical algorithm for ranking
alternatives (Masoodi et al. 2016a). The OWA procedure is the
same as the WLC procedure, but only OWA requires additional
weights, called order weights, and determines the combination
of factor weights. Seven chosen land uses (objectives) included
aquaculture, arable land, horticulture, rangelands, industrial
development, tourism, and ecotourism. It should be noted
that these land uses are the most conventional land uses that
are suitable or acceptable for Iran’s environmental conditions
(Makhdoum 2001). The applicable criteria for the suitability of
these seven land uses were chosen based on a literature review
(Feizizadeh and Blaschke 2013; Hajehforooshnia et al. 2011;
Makhdoum 2001; Masoodi et al. 2016a; Eastman 2010; Sal-
manmabhiny et al. 2014). Makhdoum (2001) identified the most
important criteria for different land uses (including arable land,
horticulture, rangeland, aquaculture, industrial development,
tourism, ecotourism) which are compliant and consistent with
Iran’s environmental condition. These factors serve to sup-
port or reject suitability for a specific area (Jiang and Eastman
2000). The criteria are shown in Table 3.

Weighting Criteria by AHP

To take into account the judgments of stakeholders and to
make a joint decision on the preferred alternatives, the ana-
lytical hierarchy process (AHP) approach was used for prior-
itization, as it is relatively easy to handle multiple criteria and
can balance both qualitative and quantitative data (Gorsevski
et al. 2006; Hanssen et al. 2018).

AHP extracts the weights from a pairwise analysis of the
relative value of the parameters. By taking the eigenvector
corresponding to the largest eigenvalue of the matrix, the AHP
calculates the weighting for each criterion (wi) and then nor-
malizes the sum of the components to unity as:

n
L Wi=1 )

A scale of significance for these comparisons is proposed
(Table 2) (Saaty 2000).

However, decision makers sometimes make inconsistent
(subjective) judgments, in which case the mentioned con-
sistency is not always satisfied. Therefore, after obtaining
the weight values it was important to test the accuracy of the
matrix. AHP provides measures to assess this mathematically.
The consistency is measured according to a consistency ratio

(Eq. 3)

_ Amax —n
= = DRI 3

Hereby the random index (RI) is the average of the
resulting consistency index, 4 max is the largest or principal

Table 2 Scale for pairwise comparisons proposed by (Saaty 2000)

Intensity of importance Description

1 Equal importance

3 Moderate importance

5 The strong or essential importance

7 Very strong or demonstrated importance
9 Extreme importance

2,4,6,8 Intermediate values

Reciprocals Values for inverse comparison

eigenvalue of the matrix, and n is the order of the matrix.
In the present study, AHP weighs and consistency ratios for
each zone are shown in Table 3.

Standardization of Criteria

We used the fuzzy membership function (FMF) to stand-
ardize the factors. Application of the fuzzy set member-
ship in criteria standardization was suited to this study as
it provides strong logic for the process of standardization
(Jiang and Eastman 2000) and a useful means of dealing
with uncertainty as a result of imprecise boundaries between
suitability classes (Hoseini 2019). Eastman (2012) sug-
gested the standardization of factors using a range of fuzzy
set membership functions to either a 0—1 real number scale
or a 0-255-byte scale. Determining the shape and type of
membership functions and threshold values of variables
(effective range) are essential to implement fuzzy sets for
standardizing criteria maps. Fuzzy sets used in this study
were monotonically increasing, monotonically decreasing,
and symmetric functions in linear and user-defined shapes
(Table 4). The thresholds for the best suitability and least
suitability for these criteria are given based on published
literature (Makhdoum 2001; Eastman 2010; Salmanmahiny
et al. 2014). The method to quantify fuzzy graphs is a linear
scale conversion method based on maximum and minimum
values as scaling points (Mahini and Gholamalifard 2006).
This method is based on Eq. 4 (Eastman 2003). Table 4 sum-
marizes fuzzy membership defined in this study for different
criteria and land use.

X, = (Ri = Rypin)/ (Ronax — Rmin) x standardized_range, (4)
where Ris theraw score.

Overlaying Map Layers

In this study, we used an integrated WLC and OWA
approach to overlay the map with the software Idrisi Selva.

WLC is described by a complete trade-off and average
risk, midway between operations of “AND” and “OR,”
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Table 3 Analytical hierarchy process (AHP) weights of defined criteria for land suitability assessment in Qaleh Ganj County, Iran

Factor AHP weight

Arable land Aquaculture Industrial Horticulture Rangeland Tourism Ecotourism

development

Spring/aqueduct 0.164 0.11 0.21 0.18 0.164 0.146 0.13
Distance to surface water 0.074 0.23 0.026 0.17 0.095 0.146 0.32
Distance to well 0.141 0.11 0.2 0.098 0.085 0.06 0.1
Microclimate 0.019 0.02 0.09 0.037 0.052 -
Temperature 0.014 0.11 0.014 0.09 - 0.052 -
Precipitation 0.016 0.11 0.021 0.09 - - -
Land-use 0.049 0.04 0.032 0.02 0.099 0.027 0.05
Geology and soil 0.218 0.06 0.198 0.08 0.1 0.1 0.172
Elevation 0.056 0.02 0.027 0.016 0.02
Slope 0.063 0.11 0.135 0.16 0.02 0.239 0.038
Aspect 0.014 - 0.046 - -
Cover 0.023 0.01 0.031 0.05 0.097 0.057 0.09
Land unite 0.103 - - 0.24 -
Distance to village 0.032 0.02 0.034 0.014 0.028 0.022 -
Distance to road 0.014 0.03 0.016 0.019 0.015 0.019 -
Natural and cultural attractions - - - - 0.08 0.1
Inconsistency 0.04 0.05 0.06 0.03 0.05 0.06 0.02

i.e., neither extreme risk aversion nor extreme risk taking
(Fig. 3) Due to the risk built into this method of hiding a
limiting factor between the high values of the other criteria,
the WLC method is not always suitable for spatial planning.
Similarly, in complex territorial analysis, non-compensatory
methods may prove to be restrictive because they only take
into account the restrictive factors or the predominant factors
(Romano et al. 2015), but with the OWA approach, we can
control trade-off and risk by order weight (Malczewski 2006;
Purnamasari et al. 2019). In our study, there are two different
types of factors: variables relevant to development costs and
variables relevant to environmental concerns, which gener-
ally do not have the same degree of trade-off.

Factors relevant to development costs can be weighed
in full against each other, but environmental factors are not
easily trade-off. To address this discrepancy, we treated our
factors as two separate sets with different trade-off levels. So
the WLC method was used to combine cost-relevant factors
(e.g., road, land use, elevation, etc.) which allow them fully
trade-off. On the other hand, for the second group of envi-
ronmental factors (e.g., water resource, soil, cover, etc.), we
applied the OWA method to control the risk and trade-off of
these variables. In this study we applied a low level of risk
and no trade-off reorder weight for environmental factors,
so the first environmental factor is assigned weight 1 and for
the rest factors weights 0 was applied (1, 0, 0.0.0) (Rinner
and Malczewski 2002; Drobne and Lisec 2009; Zabihi et al.
2019). With this approach, we prevent environmental factors
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are compromised or trade-off by cost-relevant factor and also
by each other.

The WLC and OWA combination operator for the jth
location (point or pixel) is defined as follows (Eastman 2012;
Romano et al. 2015).

WLC = ) W,X,zC;, Q)

where S is the suitability, W, is the the weight of factor i, X;
is the the fuzzy value of factor i, C; is the constraint j, 7 is
the product.

n uivi
OWA, = Zi:l S Z» (6)

=1 WiVi

where u; is the reordered ith criterion weight (wi); v; is the
ith element of a set of order weights V= (v, v,,...,v,) such
that v; ¢ [1,0] and }(i=1, n): z;;>z;> ... > z,; is obtained
by reordering the criterion values x;;, x5;, X,,;.

The result consists of two intermediate suitability maps,
one of which is the result of the combination of five cost-
relevant factors and the other the result of the combination
of environmental factors. Using a third MCE operation, we
then combined these two intermediate suitability maps. (For
comparison we have also combined both groups of factors
(cost-relevant and environmental-relevant factors) using the
WLC approach, to illustrate how the outcome will change in
this case if there is no control over trade-off and risk).
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Table 4 (continued)

Land-use (Fuzzy Membership)

Criteria

Tourism Ecotourism

Industrial develop-

ment

Aquaculture

Rangeland

Horticulture

Arable land

Factors

Water body, Water body, Water body, slope > 15%, eleva- Water body, Water body, Slope > 60%

Constraints

slope > 15%, Marz
protected area
Build-up areas

slope >20%,

tion > 3000 m, Marz
protected area,

slope >30%, wet-
land boundary

slope > 60%,
Build-up areas

slope > 12%,

elevation> 3000 m,
Marz protected

elevation > 3000 m,
wetland bound-

elevation > 3000 m,
wetland bound-

wetland bound-

(urban, roads)
Eroded lands

Faults

area and wetland

boundary
Build-up areas

ary Build-up areas

(urban, industries,
roads, etc.), Salty
and rocky land,
Eroded lands

Faults

ary Build-up areas

ary Build-up areas

(urban, industries,
roads, etc.), Salty
and rocky land

Faults

(urban, industries,

roads, etc.), Salty

and rocky land
Eroded lands

Faults

(urban, industries,
roads, etc.), Salty
and rocky land

Precipita-

(urban, roads),
Salty and rocky land

Eroded lands

Faults

tion< 120 mm
Eroded lands

Faults

Cover>60%

Finally, the suitability maps are classified into three
classes, including high suitability, average suitability, and
low suitability, equal interval was used to divide the range
of pixel values into equal-sized subranges.

MOLA for Land-Use Planning and the Optimal Spatial
Distribution

The final part of the analysis process was to demarcate, or
zone, the priority areas for each land-use type. The MOLA
algorithm has been incorporated into IDRISI GIS soft-
ware as a decision support module for facilitating multiple
and conflicting land-use decision making (Dai and Ratick
2014). This procedure allocates multiple conflicting objec-
tives based on the iterative reassessment of the score in
the conflict zone until the defined area requirements are
met. It leads to a compromise solution that is achieved by
optimizing the land-use suitability of the specified area
(Sitko and Scheer 2019). Hence, MOLA’s fundamental
underlying procedure is a reclassification of ranked suit-
ability maps with subsequent resolution of conflicting
cells. This can also be understood by a decision space
defined by using the scale of suitability for each objective
as a separate axis in a multi-dimensional space. In this
space, each cell in the region can be located based on its
suitability to each objective. The best approach for conflict
solving would be to split the conflicting cells appropri-
ately between the objectives. A simple solution to do so
would be to draw a diagonal through the conflict zone and
thereby assign cells to the objective for which it is signifi-
cantly better suited (Eastman et al. 1993). The suitability
map for each land use, which is defined through the MCE
method was standardized (by ranking) and imported into
the MOLA process. MOLA also requires two additional
factors 1—weight for each objective (land use), 2—area
for each objective (land use), this two factor gives pref-
erence to land use, which means that decision-makers
can be interested in a land use by setting more weight or
area according to their preferences. To mitigate the influ-
ence of the subjective judgment, we use the weight only
according to the judgment of the decision maker and it is
determined by AHP. For the determination of the area, the
area of high suitability class of each land-use type (which
is determined via WLC-OWA) was used. Therefore, for
this parameter, we only refer to environmental potential.
After determining the zoning map, post-processing func-
tions (filters, zone size, and distance) were used to include
more integrated zones. We also eliminated the spots with
an area of less than 1 hectare, which can provide mini-
mum benefit according to the socioeconomic dimension
(Makhdoum 2001).
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Fig. 3 Decision strategy trian-
gle defined by risk and trade-off
dimension (Zabihi et al. 2019)

full trade off

no trade off 4

(WLC)
(OWA)
risk-adverse Risk risk taking
(AND) (OR)

Results

In this study, the optimal spatial distribution of certain
land-use zones in Qaleh Ganj County was determined.
Suitability maps were produced based on a combination
of WLC and OWA aggregation approaches and then an
optimal land-use suitability map was produced by combin-
ing 7 suitability maps via MOLA.

Land-Use-Type Suitability Evaluation

Results of combined WLC and OWA approach are shown
in Table 5. Also suitability maps produced with these
approaches are present in Fig. 4. The results show that
ecotourism, with 36.78%, has the greatest potential which
followed by rangeland (25.32%), horticulture (13.74%),
industrial development (12.15%), arable land (6.53%), also
tourism (0.28%), and aquaculture (0.15%) that have the
lowest potential in this county.

According to Table 5, although ecotourism has the high-
est percentage of suitability areas in the entire area, the
majority of these areas are in the average suitability class
and only 0.11 percent of the total suitability area is in the
high suitability class. Meanwhile, industrial development
shows the largest suitability area in the high suitability class
(11.5%).

The results of suitability class if all factors (cost-rele-
vant and environmental-relevant factors) are allowed to
fully trade-off and have average risk that also presented in
Table 6, for comparison. The value range (minimum and
maximum suitability value) for these two approaches is sum-
marized in Table 7.

If a full trade-off with the average risk for all factors is
made by using WLC, a higher range of suitability value and
the area is recognized for seven land uses, whereas con-
trol compromise (no trade-off, low risk) by using OWA, the
range of suitability value for all land uses tends to decrease
(Table 7). However, according to the suitability classifica-
tion, as it is clear, the larger area is dedicated to the high
suitability class, where users control over trade-off and risk

Table 5 Area of suitability classes for each zone in Qaleh Ganj County (based on WLC and OWA models: no trade-off and low risk for environ-

mental factors, full trade-off, and average risk for cost-relevant factors)

Land uses High suitability (ha) Average suitability (ha) Low Suitability (ha) Total suitable area Percent of
suitability
Aquaculture 2827 371 - 3199.32 0.15
horticulture 118,807 151,338.2 17,752.5 287,897.7 13.74
Arable land 32,265 95,878.71 8777.97 136,921.68 6.53
Rangeland 60,549.93 353,720.6 116,078.4 530,348.93 25.32
Industrial Development 242,295.93 6923.970 121.59 249.341.49 11.9
Tourism 4026.87 1856.52 174.33 6057.72 0.28
Ecotourism 2399.49 573,829.38 194,293.53 770,522.4 36.78

Bold indicates area of land uses and their percentage
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Fig.4 Transitional suitability
maps for different land-use
types using the WLC and OWA
modules of the MCE in Qaleh
Ganj County, Iran
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Table 6 Area of suitability classes for each zone in Qaleh Ganj County, Iran (based on WLC method: full trade-off and average risk for all fac-

tors)

Land uses High suitability (ha) Average suitability (ha) Low suitability (ha) Total suitable area Not suitable (ha)
Aquaculture 594.72 2240.82 363.42 3198.96 2,091,363.75
horticulture 57,044 217,835.64 15,902.55 290,782.19 1,803,780
Arable land 19,246.77 35,774.46 84,100.95 139,122.18 1,955,440
Rangeland 38,103.66 309,343.59 182,901.69 530,348.94 1,564,214.13
Industrial Development 33,600.15 142,257.87 38,906.64 214,764.66 1,879,797.6
Tourism 2643.48 3042.63 371.34 6057.45 2,088,505
Ecotourism 104,234.580 804,052.89 2587.950 910,875.42 1,183,687.65

Table7 Range values of suitability for each zone in Qaleh Ganj
County, Iran (based on 2 approaches of factor combination: 1-WLC
2-WLC and OWA)

Land use WLC WLC and OWA
Min value Max value Min value Max value
Aquaculture 98 214 51 112
horticulture 58 167 2 102
Arable land 47 186 2 137
Rangeland 39 206 12 138
Industrial Develop- 56 207 36 134
ment
Tourism 73 179 24 156
Ecotourism 1 255 1 255

among distinct factors (WLC and OWA), while the full
trade-off and average risk between all factors are applied by
WLC combination, the majority of the area is dedicated to
the average suitability class.

Land-Use Planning for the Optimal Spatial
Distribution

The results of suitability maps (WLC- OWA combina-
tion) are used for the zoning process by MOLA module
in GIS. The MOLA resulted in a zonation map that shows
the optimal spatial distribution for the 7 land uses in Qaleh
Ganj County. The calculated percentage of each zone
after zonation and post-process modification is rangeland
zone, 30.80%; eco-tourism zone, 22.9%; horticulture zone,
12.8%; arable land zone, 8.4%; industrial development,
2.1%; aquaculture zone, 0.26%, and tourism zone, 0.24%
of the study area (Table 8). About 22.37% of the entire
region is without the potential for any land use, due to
the restrictions established during the MCE process, most
of which include vulnerable areas such as fault lines or
protected areas. Table 9 shows the area of existing land
uses in the study area. Results from this study indicated

@ Springer

Table 8 Final land-use area obtained after zoning by MOLA in Qaleh
Ganj County, Iran

Land uses Area (ha) Percent
Aquaculture 2776.506 0.26
Horticulture 134,350.73 12.87
Arable land 87,856.03 8.41
Rangeland 321,547.28 30.8
Industrial development 22,022.91 2.10
Tourism 2534.96 0.24
Ecotourism 239,113.08 22.90
Table 9 Existing land-use area in Qaleh Ganj County, Iran
Land uses Area (ha) Percent
Horticulture 403.5158 0.04
Arable land 31,372.256 3.123
Rangeland 675,032.634 67.203
Bare land 196,528.64961 19.565
Others (sand dune, lake and 101,122.671798 10.067
rocky lands)

that the differences between existing and potential land use
are apparent. In the potential land-use zoning, some land
uses, such as industrial development or horticulture and
ecotourism, have shown strong potential in the region but
are ignored in the study area’s current land use (Fig. 5).
However, we can see some selected areas already served
the same uses in the region. For example, the roadside
located in the middle of the county is mostly used for ara-
ble land (based on the existing land-use map, Fig. 5). For
example, the roadside in the middle of the city is mostly
used for usable land (based on the existing land-use map,
Fig. 5). Likewise; this study shows a high potential for
arable land in this area of the county. Results of the modi-
fication to land-use zones after the post-processing opera-
tion are shown in Fig. 6.
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Fig.5 Existing land-use map of
Qaleh Ganj County, Iran
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Discussion

In recent years, spatial planning has increasingly focused
on environmental protection issues (Tortora et al. 2015;
Romano et al. 2015; Memarbashi et al. 2017). GIS-based
MCE provides spatial planners with a support tool for effec-
tive land-use planning and management (Shuaibu and Kara
2019). In this research, land suitability has been derived
using weighted map overlay techniques (WLC -OWA) based
on MCDM using GIS tools, a procedure concluded in seven
maps detailing land-use suitability. The results indicate the
potential suitability and optimal spatial distribution for each
land-use type, varying from high to low, in the Qaleh Ganj
County.

According to the results, the largest suitable area,
36.78%, belongs to ecotourism, followed by rangeland
with 25.32% of the total area (Table 5). This is mainly
because these land uses require fewer maintenance speci-
fications and coordinated action compared to other land
uses (Makhdoum, 2001). However, the highest suitable
area (high suitability class) belongs to industrial develop-
ment and rangeland. Industrial development shows strong
or high suitability, indicating that there is good infrastruc-
ture for this use, concentrated in some parts of Qaleh Ganj
(mainly north and northeast). Also aquaculture and tour-
ism have the lowest potential, which, based on the selected
variables and the large current constraints, is normal in
this region (Table 3).
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Fig.6 Final land-use zoning
map in Qaleh Ganj County, Iran
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[___1No potential

All suitability maps were combined using the MOLA
function. The calculated percentage of each land-use type
after zoning shows that the rangeland zone with 30.80% and
the ecotourism zone with 22.9% have the highest potential
in the county, which it means that the rangeland zone has
higher suitability values compared to ecotourism, while
ecotourism covers more area of the county, but the values
are not in the upper range. However, these automatic zon-
ing mechanisms also have limits, including the inability to
guarantee optimal solutions globally (Dai and Ratick 2014),
and the salt and pepper noise in the results (Eastman 2003),
so they need to be modified to remove noise and create more
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integrated zones (Eastman 2010). Incidentally, in this study,
MOLA produced a very consistent and integrated zoning
plan that required a minimum of post-processing (filters and
area), which meant that the impact of the decision-makers’
judgment was minimized at this stage.

There are a few reasons why some land uses have more
suitability and, consequently, are more appropriate for a
certain area, for example, (1)—its proximity to existing
land use with a high probability of finding existing infra-
structure, (2)—its proximity to water resources essential for
most land-uses’ functioning, like arable land, aquaculture,
horticulture, and industrial development, (3)—its proximity
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to main roads, enabling access to transportation routes, and
(4)—its geographical location which presents environmental
constraints, such as climate, elevation, natural features. In
this case study, mainly the northern part of the county, as
well as the central part, contains a more suitable area for
most land uses, as it contains water resources, infrastructure,
accessibility, and here we see the highest opportunity for
most land uses. When comparing the relevant classes of the
created potential land use with the current pattern of land
use, we can find that: the differences between these two pat-
terns of land use reflect the limitation of approach and man-
agement. As some land uses such as industrial development
or horticulture and ecotourism are ignored in the existing
land use, while in the evaluation land use has shown strong
potential in this region.

The ability to assign different relative weights to any of
the factors through aggregation is one of the WLC method’s
advantages which used in this study. These weights indicate
the importance of a factor relative to all other factors and
regulate how factors will trade-off. So where factors fully
trade-off, factors with high suitability can be compensated
for other factors with low suitability in a given location,
which can be a drawback in some cases. For instance, where
environmental factors and economic factors are considered
at the same time and have different levels of trade-off. OWA
approach allows us to control the level of trade-off and risk
with the order weighting. So in this study, we considered our
factors as two distinct sets because of the different levels of
trade-off and risk. By separating factors into two groups,
cost-relevant factors and environmental relevant factors, we
prevent environmental factors from being compromised by
cost-related factors, which is vital for the vision of envi-
ronmental protection. With this strategy, we bring a robust
environmental perspective to determine suitability for each
land use, which is the strength of this study.

We also examined whether the full trade-off for all factors
applied differences of some kind, so the WLC approach was
employed to compute and aggregate all factors, weights, and
constraint maps. Due to the complete trade-off of the WLC
method, the results show a larger proportion of area and a
higher suitability value range for different land uses com-
pared to the result of the OWA approach. This difference was
also indicated by Drobne and Lisec (2009) and Sanaee et al.
(2010). Since our purpose, in this case, is land-use planning
with a goal of environmental protection, we have chosen the
result of the WLC-OWA combined approach for the follow-
ing step (MOLA). It should be noted that the application of
the approach (WLC-OWA) we have used in this study can
be adapted in a single operation by the use of OWA alone
as a significant advantage of using this method. In this case,
reordered weights should be defined for all cost relevance
and environmental factors to control the trade-off and risk
between all factors. It seems to be more complicated than

the approach we used in this study, but the result will be
the same.

Another strength of this study is using the fuzzy set the-
ory for the standardization of variables, enabling more flex-
ible MCE operations in the construction of criteria layers
and taking into account the validity and complexity of the
relationship between the criteria and the decision set (Haje-
hforooshnia et al. 2011; Barzehkar et al. 2019). Also, by
applying the AHP methodology, which plays an important
role in qualitative and quantitative classification (Aguar6én
et al. 2019), we enabled decision-makers to be involved in
the selection of suitable sites and land-use planning, as the
criteria (for land suitability assessment by WLC and OWA)
and objectives (for land-use planning by MOLA) were pri-
oritized by experts and decision-makers. However, AHP
allows the assessment of the consistency of the decision-
makers when the judgments are introduced into the pair-
wise comparison matrices which can minimize subjectivity
in decision making.

The advantages of the multi-criteria analysis, GIS-based
decision support system, including WLC or OWA in spatial
and terrestrial planning, were discussed in several studies
(Aydi et al. 2016; Corona et al. 2008; Jamil et al. 2018;
Kumar and Kumar 2014; Masoodi et al. 2016b; Raza et al.
2018 Romano et al. 2015; Shuaibu and Kara 2019; Zolekar
et al. 2015; Zabihi et al. 2019).

This study recognized GIS-based MCE techniques as
an efficient tool that involves the use of geographic data,
weights, and a Multi-Criteria Decision Analysis (MCDA)
aggregation function that incorporates spatial data and
weights of criteria to evaluate sites for suitability assess-
ment (Karimi et al. 2020). Also, it shows combined WLC
and OWA as a generic methodology that can be applied in a
variety of situations and for different types of data. GIS spa-
tial analysis and modeling was also well implemented in this
study which automatically completed all zoning processes.

Conclusion

This study highlights the effectiveness of the GIS-based
MCE techniques as a decision support system for land-use
planning. The single-objective multi-criteria evaluations are
resolved by defining criteria, standardizing criteria, deter-
mining factor weights, and implementing a multi-criteria
assessment. And the problem of multi-objective allocation
is resolved by standardizing single-objective suitability maps
and assigning the best-ranked cells to each objective.

The results have shown various spatial distribution poten-
tials for each land-use, where suitability varies from high
potential areas to poor potential. According to the maps,
areas with high suitability for different land-uses are concen-
trated in the north and middle of the county. In particular,
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the region has great potential for ecotourism and strong
potential for rangeland and industry. It also has a very low
potential for aquaculture and tourism, as these two land uses
require more infrastructure.

Separating the factors into two different groups when
assessing land suitability (cost-related and environmental
factors) and using WLC along the OWA helped to avoid
trade-offs between the defined factors, which was one of the
objectives of our study. This is important from the environ-
mental perspective and led to sustainable land-use planning
and mitigates environmental impact.

Furthermore, the MOLA function helped to produce a
land-use zoning map of the study area. The automatic zoning
model, MOLA, which is based on a computerized decision-
making matrix, provided an opportunity to solve conflict
and overlap between zones based on the optimal suitability
of each pixel.

The implementation of AHP for the weighting of cri-
teria (through MCE) and priorities of objectives (through
MOLA) offers experts and decision-makers an opportunity
to participate in land-use planning. However, since a large
part of the process is focused on computer modeling and
automated GIS zoning, we have avoided subjectivity in the
term of zones. We also found that by defining the proper
area and weight in the MOLA function, the result is consist-
ent and has sufficient integrity, resulting in a minimum of
modification and minimizing the need for decision-maker
intervention.

This study illustrates the advantages of using automatic
MCE and MOLA methods for spatial planning in Iran with
emphasis on environmental preservation vision. We offered
an integrated land-use management strategy, in particular, an
overlay analysis based on GIS to determine the optimal site
for different land uses that fulfill all desired characteristics
for each one. The offered approach (a combination of WLC
and OWA) for suitability land evaluation would help to pro-
tect the natural environment of the urban environment while
allowing for continued economic development. This study
also shows that MOLA represents a potential solution to the
conflict between zoning types of land use and contributes to
the optimization of site selection. Also because MOLA is an
automatic zoning procedure, it helps to minimize subjectiv-
ity in land-use planning.

The approach used in this study can help developing
country like Iran and the sensitive areas which have signifi-
cant natural resources but facing environmental challenges
due to rapid development.

In the end, regardless of some limitations, like funding
issues to run this planning or national development plans,
combining the results of this study with the area manage-
ment plan, could lead to sustainable development, improv-
ing the living standards of the residents, and protecting the
natural environment.
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