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ABSTRACT

The main objective of this study was to evaluageléimd suitability for cultivation of an economilsalmportant
crop, which was rice, in Amol District, Iran. To ldeve this goal, multi-criteria decision making (k&)
integrated with the GIS was used to assess suitaklas for growing this crop. Several biophysiealyironmental
and economical factors were selected based on #® Famework and experts’ opinions. A GIS-basedtiMul
Criteria Decision Making land suitability analysigas performed. An Analytical Hierarchical Procesaswised to
rank the various suitability factors and the resudt weights were used to construct the suitabitigp layers. In
doing so, the derived weights were used, and sulesgly land suitability maps for rice cultivatioreve created.
The Study area has been classified into four categaf rice suitability (high suitable, suitableyoderately
suitable and unsuitable). Results indicate thatgpatial analytical hierarchy process is a powerdupport system
helps decision makers to defining effective managéplan for each part considering its suitabilitylex.

Keywords: land suitability analysis; GIS; analytical hiedaygrocess; Multi criteria evaluation; rice; Amoisiict

INTRODUCTION

Increasing population numbers, particularly in deping countries, intensify the pressure on botkursd and
agricultural resources. To meet the nutritional deds of the growing world population, an increafses supply
is required. Both population increases and the ggo®f urbanization have increased the pressusgooultural
resources [1]. This increased pressure on theadlailand resources may result in land degradfiprReliable
and accurate land evaluation is therefore indispiglesto the decision-making processes involvedemetbping
land use policies that will support sustainablekaevelopment. If self-sufficiency in agricultugaloduction is to
be achieved in developing and transitional cousirignd evaluation techniques will be required eégedop models
for predicting the land’s suitability for differetypes of agriculture [3].

Multi-criteria evaluation processes are alreadyduse some regional planning processes since thaey ai
“estimating the potential of land for alternatil@nd uses, among which agricultural land use mayhleemost
important area where it is applied” [4]. This meth could play a key role in future land-use plagnin
[5]-Agricultural land suitability classification bad on indigenous knowledge is vital to land usenmihg. The
systematic assessment of land and water poteintial ta identify and put into practice future altatime land uses
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that will best meet the negdf the people, while at the same time safegugrdasources for the futui[6].
Selecting the most appropriate land evaluationrtiegle is therefore very important for cunt and future land use
planningin countries such as Iran. There are many rent approaches that are widely implemented in
evaluation such as, for examplhe Unitec States Department of Agriculture (USDA) USDA landpability
classification (1961) or the United Nations Foodd afgriculture Organization (FAO) framework for and
evaluation (1976). Some of these techniques haea bpplied in developing countries, often withaking into
account local knowledge and local conditi(7].

The land evaluation method is the systematic asm#sof land potential to find ouhe most suitable area for
cultivating some specific crop. Theoretically, fhatential of land suitability for agricultural usedetermined by a
evaluation process of the climatmil, water resources, topographical, and envirortel components under the
criteria given and the understanc of local biophysical restraint8]. The use of GIS Mul-Criteria Decision
Making (MCDM) methods allows the user to derive Wexdge from different sources, in order to suppemt use
planning and management [9,1Qne mult-attribute technique that has been incorporatedthtoGI<-based land
use suitability procedure is the Analytical HietaydProcess (AHP[11,10]. MCDM methods such as the At
method have been successfully applied to land atialuteclniques [12].These methods, which aim to allow fo
transparent decision-making baseg, however, only rarely used in developing aadditional countries such
Iran. We have used a Gli&ased MCDM land suitability analysis method to sify the stuyy area (Amol District)
with respect to the potential fétice cultivatior. We assumed that this goal could be effectishelp agricultural
insurance through thédentification and separation of le-based capabilities with regard environmental,
Biophysical and Socieconomical potentic

Mazandaran Province —
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Figurel. Location of case study area in thMazandaran province, Iran

2. The study area

The studied area was the central part of the Anislriot, which is located in the Haraz river plawmfsMazandara
provincein Iran (Figure 1). This region has an area of 884«m2 and is situated in the north part of Iratwleen
36" 34" 43" and 3622 16" N latitudes and £° 11" 34" and 52 26" 54" E longitudes. Amol city and 135 villag
that are in the study area comprise an overall jatipn of approximately 272844 populations (Irani@ansus
Centre 2011). Elevations range from 20 to 500 rsettsove sea level. Amol County contains some ofntost
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important human habitations in the Mazandaran piviand includes industrial and agricultural cemter
Agriculture is one of the main sources of income tfee population. Based on weather data the avesiageal
temperature of the region is 17.47° C and the negamual relative humidity is 78 %. Consequentlg #mnual
average rainfall is recorded to be 800 mm, mositlynig in December.

MATERIALS AND METHODS

Multi-criteria decision making

MCDM approaches were developed in the 1960s inromeassist decision makers in incorporating numgro
options, reflecting the opinions of concerned artinto a potential or retrospective frameworkisTramework is
“primarily concerned with how to combine the infoation from several criteria to form a single indek
evaluation” [5]. They were designed to define thkationship between data input and data outputbMCnethods
can be broadly divided into either multi-objectioe multi-attribute methods [9, 10]. The integratiohGIS and
MCDM methods provides powerful spatial analysischions [13]. In the MCDM approach: GIS are besteslifor
handling a wide range of criteria data at multitdamulti temporal and multi-scale from differespurces for a
time-efficient and cost-effective analysis. Therefahere is growing interest in incorporating G&pability with
MCDM processes [14].

Due to the large number of factors involved in diesi making, land suitability analysis can be idfeed as a
multi-criteria evaluation approach [15, 16]. Of therious MCDM methods, the Analytical Hierarchy &ess is a
well-known multi-criteria technique that has beandrporated into GIS based suitability procedufiés [L8]. For
the classification of land suitability within ouage study area in northern Iran, we utilized thePAHability to

incorporate different types of input data, and fgaér wise comparison method for comparing two patans

simultaneously. The application of AHP process Ings the following steps [2]. Criteria or factomsntributing to

the set of suitable are identified: The relativepartance of each factor to each other factor,bietween pairs of
criteria. This is usually done by domain and exgesopinions: The consistency of the overall setpafrwise

comparisons is assessed using its Consistency &Rip

Constructing decision making tree with evaluation criteria

Evaluation criteria objectives and attributes néadoe identified with respect to the particulamuation under
consideration. The set of criteria selected shad@quately represent the decision-making envirotnage
contribute towards the final goal [12]. “Land slbility assessment is a multiple criteria evaluatwocess. The
attributes of land suitability criteria are to berided from spatial and non-spatial, qualitatived ajuantitative
information under diverse conditions” [19]. Based the expertise and decision maker views, theofacivere
categorized into three main criteria including Bigpical, Socio-economic and environmental groupsxtNeight
causal factors, including: soil properties, climatepography, irrigation water, availability, matkd.and use
compatibility and soil contamination, were select®de of the most important factors affecting ted suitability
classification for cultivation is soil propertieshe soil properties criteria were consisted of $exture, surface
stoniness, soil depth, pH, EC, soil phosphorusasdiim and organic matter. The topography criterse
consisted of slope and aspect. The climate criterege divided into seven groups according to theatic
requirements for irrigated rice adapted from 192@Hrameworkincluded the Meamemperatureof the growing
cycle, Meantemperatureof the developing stage, Meaemperatureof the ripping stage, Meaminimum
temperaturef the ripening stage, Mean daily maximtemperaturef the warmest month, Relative Humidity after
milky stage (2 week before harvest) and Relativentdity at harvest stage. The distance from surfaater and
water well were considered as components of ifogatvater criteria. The availability criteria wecensisted of
distance from main road, distance from rice millpignt and distance from population centers. Als® market
criteria include the proximity to agricultural sex® centers and Proximity to the rural cooperatilde
environmental criteria were consisted of Land Usen@atibility and Soil contamination (Figure 2).

Data collection and preparation using GIS

Data preparation is the first fundamental stepandl suitability analysis. In this research methodyg land
suitability is evaluated by applying different GdBalytical techniques, including interpolation anrlay based on
multi-criteria analysis and AHP. For this to happie following datasets were prepared:

- Digital topographical maps 1:25000 (National Carégdnic Centre organization) are used to create ,TINEM,
and derivate layers such as slope and aspect.
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- TM satellite images with 30 m spatial resolutionreveised to derive land use through image clastiita
techniques.

- The available information on wells, springs, streand river were obtained from Mazandaran wateardzgtion

and were mapped in a GIS domain.

- Meteorological data for a 10-year period (Iraniaat®brology Organization) were used to create ckmaaps

- The exact locations of residential areas, agricaltservice centers and rural cooperative sitegwbtained from
the related national agency and were mapped bysGit®are.

Goal Main criteria Criteria Criterion

— Soil texture
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Figure2. The hierarchical structure used in the stdy area for rice cultivation

- Field operations using GPS for soil sampling weeefggmed and the various physico-chemical expertsen
were done on samples In order to provide soil maps.

After these spatial datasets were prepared, inududil necessary geometric and thematic editingheforiginal
datasets, a topology was created. All vector layene then converted into raster format with 10€esolution and
the spatial datasets were processed in ArcGlIS. spiatial distributions of some of the most importanport
datasets are shown in Figures3.
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Standardization of criteria
The process of setting the relative importanceaahecriterion is known as the standardization @écda [12]. In
this process scales of 0 to 1, 0 to 10 or O to (B®E.) are normally used for criteria standardmatiA pair-wise
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Figure3. (a) Physiographic of the study area (b) viers and streams; (c) main Roads,(d) Land use, (a§pect; (f ) residential areas
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comparison technique is typically used for ratimgl standardizing the ordinal values [10]. In orttercompare
criteria with each other, all values need to badfarmed to the same unit of measurement scalen(ffcdo 1),
whereas the various input maps have different nreagnt units (e.g. distance maps, temperature. étcthis
research two standardization methods were appéidédllaws:

Spatial AHP:all applied criteria were standardized using AHRhuod but distance criteria.

Cost- benefit analysidor standardization of all distance criteria thisthod was used. For example in population
center criterion the Cost- benefit analysis asstpeshighest score (suitability degree=1) to tharest area to the
population centers and the lowest one (suitabilégree=0) allocates to the furthest. In this wdycaderia map
were converted to the same scale (0-1).

Weighing of criteria

Criterion weights are the weights assigned to thgdaive and attribute maps [20]. Deriving weiglits the
selected map criteria (land characteristics maprigyis a fundamental requirement for applying Al® method
[9, 10].

For determining the relative importance of critetige pair-wise comparison matrix using Saaty's -pioiat
weighing scale were applied (Table 1).

Tablel. Scales for pair-wise AHREomparisons [33]

Intensity ofimportance Description
1 Equal importance
3 Moderate importance
5 Strong or essentidmportance
7 Very strong ordemonstrated importance
9 Extremeimportance
2,4,6,8 Intermediate values
Reciprocals Values for inversecomparison

In the application of the AHP method it is impottdéimat the weights derived from a pair-wise comgxami matrix
are consistent. Therefore, one of the strength&HR is that it allows for inconsistent relationshipvhile, at the
same time, providing a consistency ratio (CR) amditator of the degree of consistency or incdesisy [21, 14].
The CR is used to indicate the likelihood thatrierix judgments were generated randomly [22, 23].

_a

CR =—
RI

Hereby the random index (RI) is the average of rdmulting consistency index, depending on the oofethe
matrix given by Saaty (1977), and the consistendgx (CI) can be expressed as:

CI — ()"max—n)

n—1
In whichA max is the largest or principal Eigen value of thatrix, and n is the order of the matrix. A cotesigy
ratio (CR) of 0.10 or less indicates a reasonablellof consistency [22, 23]. The determinationh&f CR value is
critical. The CR has been widely used as a measfutee consistency in a set of judgments of AHPliapfions in
literature [19]. If the CR < 0.10, it deems that {hair wise comparison matrix has an acceptableer@ise, if the
CR = 0.10 it means that the pairwise comparisons aidrg consistency, in other words the matrix netedbe
adjusted and the element values should be modjfiéd 19]. In this study, the resulting CR for thairmpwise
comparison matrix for rice suitability was lessrtttal0. This indicates that the comparisons of letmatacteristics
were perfectly consistent and that the relativegivs were appropriately chosen in this particugendl suitability
evaluation model. After standardization all critgedind were weighted using pair wise comparison ogetihable2
Detailed weights for the main criteria and subecid for rice cultivation.
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Table2. Weighting matrix for main criteria and sub criteria

Main criteria weight Criteria weight
Soil texture 0.267
Surface fragmental 0.231
Soil Depth 0.146
Soil=0.602 pH 0.07¢
CR=0.06 EC 0.079
Phosphorus 0.049
Potassium 0.050
o.M 0.098
_ Slope 0.676
Biophysical Topography=0.113 Aspec - 0.32¢
factor=0.276 Mean temp. of the growmg'cycle(c 0.20(
’ Mean temp. of the developing stage(°C) (2ndmonth) .200
Mean temp. of the ripping stage(°C) 0.20
Mean min. temp. of the ripening stage(°C) 0.2
Climate=0.047 Mean daily maximum temp. of the warmest month(°@dng cycle) | 0.200
Mean temp. of the growing cycle(® 0.20(¢
Mean temp. of the developing stage((2ndmonth 0.20(
Rel. H. after milky stage% 0.200
Rel.H.at harvest stage% 0.200
Irrigation Water =0.238 D?stance from surface water (Distance from rivestéeam) 0.8&:;7
Distance from water we 0.14:
Distance from main road 0.452
Socio-economic Availability=0.5 D?stance from Rice Mi_lling Plant ' ' 0.249
factor=0.128 Distance from population centers Working population 0.299
_ Proximity to the rural cooperative 0.50
Market=0.5 — - -
Proximity to agricultural service centers 0.50
Environmental LandUse Compatibilit =0.65¢ La_nd us_ _ 1.00(¢
factor=0.595 Soil contamination=0.345 so!l-cadmlum conce_ntratlons 0.500
soil-lead concentrations 0.500

Overlaying map layers

Weighted overlay is a technique for applying a camracale of values to diverse and dissimilar irgait to create
an integrated analysis [25]. After weighing of eria regarding their importance for land suitabiinalysis, all
criteria maps were overlaid using suitability index

J

m l
SI = RI.A1 *Z RI.Bi * RI.KBi + RI.A2 * Z RICy * RI.LKCy + -+ + RIAN * Z RIDz % RI.KDz

i=1

y=1

z=1

Where, Sl is the suitability index of each cels;is the number of main criteria; RIAL, RIA2 ...RIAbre the
relative importance of the main criteria A1, A2 ... Aldspectively; m, i and j are the number of suteda directly
connected to the main criteria A1, A2 ...AN, respedliy; RIB, RIC and RID are the relative importamafesub
criteria B, C and D directly connected to the maiiteria A1, A2 ...AN, respectively; RIKB, RIKC andIRD are
the relative importance of indicators category ksob criteria B, C and D and main criteria Al, A2AN,
respectively[26, 27]. After weighting the criterias regards the relative importance of each aoiteds well as
suitability index, all the criterion maps were de& and final suitability map was prepared. Siltgbmaps of
study area according to different aspect of biojg@s socio-economical and environmental are demnatesl in
Figure4 respectively (a), (b) and (c). The finataility map resulting from finally weighted ovesl, are shown in

Figure4 (d).
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Figure4: suitability maps of (a) Biophysical factor (b) socio-economic factor, (¢) Environmental factr and (d) finally Suitability map
RESULTS AND DISCUSSION

Land suitability has been extracted by weightedlayeechniques based on MCDM using GIS methogspaess
that has resulted in information being portrayedfaur land suitability maps. Land suitability maffSgures 4)
have been extracted using weighted overlay teclesiqu

As described in the previous section, this is basedtandard weights which were derived from thePApocess.
The final land suitability map for rice cultivatidirigure 5) classifies the case study area into fand suitability
classes, namely: ‘highly suitable’, ‘suitable’, ‘derately suitable’ and ‘unsuitable’.

This classified map shows that 6.83% (20.77)kofi the investigated area is highly suitable, P%6878.65 k) is
suitable, 36% (109.72 Kinis moderately suitable, and 16.91% (51.55°kis unsuitable. Together, the two
categories ‘highly suitable’ and ‘suitable’ make 363% of the total area. Geographically, thesascover what
is already known to be the best agricultural aneArmol County,according to the annual yield

According to the land use map, 68.78% of the c#ésdysarea is currently being used for agricultuyet rice
cultivation and orchid. This includes 63.17% beirsggd under rice cultivation and 5.61 %being useaichid. An
additional 14.47% of the area is used for settlémen
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Figure5: the classified final map of Study area forice cultivation
CONCLUSION

Land suitability maps for Rice cultivation in Amdistrict were extracted using GIS-assisted MCDMIigsis. The
results demonstrate that the areas that are étabsi$ ‘highly suitable’ and ‘suitable’ for riceltuation are already
largely under cultivation. This information is ofregit importance to decision makers and, in pagigulo
departments of Agriculture for land use managenagt agricultural insurance for the Mazandaran Piceviof
Iran. Spatial MCDM has thus become one of the nogsful methods for land use analysis and envirotahen
planning, as well as for agricultural land suitépiclassification [28, 29, 8, 30,14]. GIS based R\Has gained
popularity because of its capacity to integratergé quantity of heterogeneous data, and becaus@ioly the
required weights can be relatively straightforwagden for a large number of criteria. It has beppliad to a
variety of decision-making problems [31, 32, 14].

As Figure5 only a small fraction of the total akes a high suitability for rice cultivation. In gmal, the results
obtained from this study indicate that:

- The analytical hierarchy process is a powerful tior decision making in land suitability issuesgarding
biophysical, environmental and socio-economic factBy using this method whole area can be claskifi detail
about the suitability degrees for considered lasé. Bpecified land suitability helps decision makier defining
effective management plan for each part considetinguitability index.

- High suitability areas for rice cultivation coirtaonly a small proportion (20.77 K3nof whole (304.88 k) so
the implementation of appropriate management plattss area is essential.

- A wide ranges of area (109.72 Rnapplied as rice cultivation has moderately suétali reveals that these areas
are endangered to be widespread decreases stytabiiear future unless supervised properly.
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