Yuzuncu Yil University Journal of Agricultural Sciences Volume 31, Issue 3, 30.09.2021

Yuzuncu Yil University
Journal of Agricultural Sciences

http://dergipark.gov.tr/yyutbd |

Arastirma Makalesi (Research Article)

Evaluation of Land Use Suitability for Wheat Cultivation Considering Geo-
Environmental Factors by Data Dependent Approaches

Onur SATIR™, Siiha BERBEROGLU?

Yvan Yuzuncu Yil University Dept. of Landscape Architecture, 65090 Van, Turkey
2Cukurova University Dept. of Landscape Architecture, 01330 Adana, Turkey
Ihttps://orcid.org/0000-0002-0666-7784 https://orcid.org/0000-0002-1547-6680

*Corresponding author e-mail: osatir@yyu.edu.tr

Article Info

Recieved: 18.03.2021
Accepted: 02.06.2021
Online Published: 15.09.2021
DOI: 10.29133/yyuthd.898307

Keywords

Agricultural land use
suitability,

Wheat,

Multi-criteria assessment,
Atrtificial neural network,
GIS.

Abstract: Two techniques were investigated to be standard deviation based
weighting Multi Criteria Assessment (MCA), and Artificial Neural Network
(ANN) considering base environmental factors to define wheat cultivation
suitability in Van region. Climate data (long term annual, maximum and
minimum temperature, total mean precipitation and solar radiation), physical
factors such as elevation, hillshade, slope, soil depth, accessibility to the fields
and land use cover were used to produce wheat suitability map. All inputs were
weighted with reference to existing wheat areas. MCA and ANN approaches were
applied using same dataset to compare the performance of the two techniques. In
total, 228 wheat parcels were used as training (171 parcels) and testing (57
parcels) data. Relative Operational Characteristic (ROC) was applied for
accuracy assessment. ROC values of the MCA technique which was depended on
existing wheat lands, and ANN techniques were derived to be 0.875 and 0.71
respectively. Results showed that 15% of the research area was very suitable for
wheat farm, and today, only 67% of very suitable areas were used to be
agriculture. Other areas were currently used as grassland (28%), bare ground
(4%), and other (1%).

Veri Bagimh Yaklagimlarla Cografi Cevresel Faktorler Dikkate Alinarak Bugday
Tarimi i¢cin Alan Kullanim Uygunlugunun Degerlendirmesi

Makale Bilgileri

Gelis: 18.03.2021

Kabul: 02.06.2021

Online Yaymlanma: 15.09.2021
DOI: 10.29133/yyutbd.898307

Anahtar Kelimeler
Tarimsal alan kullanim
uygunlugu,

Bugday,

Cok olgiitlii degerlendirme,
Yapay sinir aglari,

CBS.

Oz: Temel cevresel faktorler dikkate alinarak, standart sapma tabanli ok 6lgiitlii
degerlendirme (COD) ve yapay sinir aglar1 (YSA) olarak iki teknik, Van
Bolgesi’ndeki bugday tarimina uygun alanlarin belirlenmesi i¢in arastirilmistir.
iklim verileri (uzun dénemli en yiiksek, en diisiik, ortalama sicakliklar, toplam
yagis ve gilines radyasyonu), yiikseklik, tepe golgelikleri (glineslenme), egim,
toprak derinligi, alansal erisilebilirlik ve arazi ortiisii ve kullanimi verileri bugday
tarimi i¢in uygun alanlarin belirlenmesinde kullanilmistir. Biitiin kullanilan girdi
verileri, sezonluk bugday tarimi yapilan alanlar temel alinarak
agirhiklandirilmigtir. COD ve YSA aym girdi verileri kullanilarak performans
degerledirmesi icin karsilastirilmistir. Toplamda 228 bugday parselinin 171’1
egitim verisi ve 57 parseli ise test verisi olarak kullanilmistir. Goreceli ¢alisma
karakteristigi (GCK), dogruluk analizi igin uygulanmistir. COD ve YSA
tekniklerinin GCK dogruluk katsayilar1 sirasiyla; 0.875 ve 0.71 olarak elde
edilmistir. Calisma sonuglarma gore; Van ili arazilerinin % 15’inin bugday
tarimina ¢ok uygun oldugu ancak bu alanlarin % 67’sinin tarim i¢in kullanildig,
geri kalan alanlarin % 28’inin ¢ayir-mera, % 4’iniin agik alan ve % 1’inin ise
diger alanlardan olustugu belirlenmistir.
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1. Introduction

Studies on climate change showed that global warming, soil erosion, land degradation and
hydrological changes may cause a global famine in the near future (Arnell 1999; Parry et al. 1999).
Therefore, it is necessary to determine sustainable land use strategies for optimal use of our land and
water resources.

Agricultural lands were decreased around 0.1 - 0.2% between 2009 and 2013 all over the world
(WB, 2013). However, world’s population was increased 6.2% in the same period (UN, 2013). This
situation is even severe in fast developing countries like Turkey where the population raised 5.4%,
agricultural lands were decreased around 3.2% between 2009 and 2013 in Turkey (TSI, 2013). As a
result of agricultural area loss, agricultural land use planning has been more important than before.
Today, land use plans are required spatial information technologies including, Geographical Information
System (GI1S) and Remote Sensing (RS). Malczewski (2007) indicated that 8.5% of the scientific papers
in between 1990 and 2004 were on MCA and GIS usage in agricultural decision making process.

Decision support systems utilised widely combined with GIS in land use planning, and this
process is called spatial decision support system (SDSS). This system has a wide range of usage purpose
such as urban land use planning (Mosadeghi et al. 2015), tourism and recreational area planning
(Bunruamkaew and Murayama, 2011), agricultural land use planning (Kalogirou, 2002). A SDSS is
included weighting factors (criteria) as a most critical stage that is directly affected the accuracy of
study. There are several approaches for weighting the factors and three of them are very common in the
literature to be; i) expert based weighting, ii) literature based weighting, and iii) Existed or ideal data
based weighting approaches. Additionally, there are non-parametric techniques like artificial neural
network (ANN) and support vector machine (SVM), and they have an internal weighting ability based
on training data (ideal point or grid data) (Satir et al. 2016).

Expert-based methods are generally preferred in cases where the training data are scarce.
Because, priority of the factors is evaluated by the experts through a survey. Following to this expert
evaluation, the weighted factors can be integrated to analytical hierarchical process (AHP) due to
pairwise comparison ability. Pairwise comparison matrix is defined weights using binary priority
definition (Saaty, 1980; 2008). Although this method is easily applicable, there is still a subjective side
because of expert differences and experience. Literature based technique is another approach to define
the factor priorities. It is applied based on previous studies that are similar with main study. This method
is easy for weighting definition, however; regional environmental and social differences are ignored, so
solidity of the technique is questionable (Satir, 2016). MCA approach based on ideal data is more
objective than other techniques. In this approach, some of the indicators can be used to define ideal areas
such as crop productivity or existed cropping areas to map crop suitability (Satir, 2013; Satir and
Berberoglu, 2016).

Wheat is one of the oldest cultivated crops in Anatolian region. According to the studies in
Anatolian region, the history of wheat farming goes back to 8000 - 10.000 BC (Kan et al. 2015; Bilgic
et al. 2016). Anatolia is still contained more than 100 wild wheat populations (Karagoz et al. 2006). In
this study, wheat farming suitability was evaluated in Van city that is located in sub-alpine Eastern
Turkey. According to the FAO projections on wheat crop, potential production of Turkey two times
more than current version (FAO, 2002). Therefore, wheat is a good indicator for agricultural suitability
detection in dry and cold regions because of wide range of the cultivated areas and species diversity in
Eastern Anatolian Region (EAR). Additionally, wheat farming has been developed day by day in Eastern
Anatolia because of climate change and immigrations from village to the towns (Satir et al. 2017). Wheat
cultivated areas were increased almost 3% in last 5 years (2015-2020). Additionally, crop productivity
has been improved during the same period in Van region of Turkey (TSI, 2020).

Main purpose of this research was to estimate the potential wheat growth suitability in a sub-
alpine region of Turkey comparing two commonly used objective data dependant approaches. In this
paper, potential wheat growth suitability was evaluated by aid of existing wheat lands in Van Province,
Turkey. Physical (elevation, slope, hill shade, soil depth), long term climate (annual maximum,
minimum and mean temperature, total annual mean precipitation, total annual solar radiation) and social
datasets (distance from roads, LUC) were used to be predictors. So that suitability maps for wheat
farming were derived using these inputs and results enable for stakeholders to build more sustainable
agricultural land management strategies in the physically hard conditions such as studied region.
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2. Material and Methods
2.1. Study Area

Van province is located in the Eastern Turkey on the Van Lake coast (the largest lake in Turkey)
and it covers 21.334 km? area (Figure 1). Population is 1.123.784, and it is 19th most populated city of
Turkey (TSI, 2018). The main incomes are animal husbandry and processing industry, agriculture and
tourism. Region has continental and sub-alpine climate characteristics dominated by cold and dry
climate. Mean annual temperature is between 5 and 10 °C, and total annual precipitation is between 400
- 850 mm in the region. Wheat, barley, clover, sainfoin and vetch farms are the common field crops.
Elevation range in the region is between 1000 m and 3700 m.
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Figure 1. Location of the study area (Van Province).
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2.2. Main Dataset

Five main datasets were used in the study; existed wheat fields, DEM data derived from ASTER
stereo images, main road networks, long term climate dataset (2006 — 2015) and soil data (Table 1).

Table 1. Specifications of main dataset used in the study

Dataset Usage purpose Source
Existing wheat fields Training and testing the results Van provincial directorate of
Agriculture (2014 — 2015)
Long term climate Mean, max. and min. temperature, TSMS (1975 — 2015)
dataset precipitation and solar radiation
mapping by interpolation techniques
Main road network Defining the accessibility of the fields  General directorate of

highways (2015)
Digital elevation model  Obtaining the physical variables such ~ ASTER stereo images GDEM
as elevation, slope, sun availability. data
Soil dataset Defining the Soil depth General directorate of Village
service (1996)

2.2.1. Wheat Fields Data

This data set was provided by Van provincial directorate of agriculture (VPDA) for 2014 and
2015. In total 238 winter wheat field data were collected considering elevation, slope and climatic
variables. Wheat parcels were separated two parts for training (171 parcels) and testing (57 parcels)
respect to the variability of inputs (Figure 2).
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Figure 2. Distribution of existed wheat fields (location of the parcel centers).
2.2.2. DEM and Main Road Networks

DEM data was derived from ASTER stereo images in 30m spatial resolution. Slope and
hillshade were produced using DEM. Main road network includes only asphalt roads and this data
derived using main road network map of Turkey from General Directorate of Highways.

2.2.3. Climate Dataset

Long term (2006 — 2015) maximum, minimum and mean temperature, total annual precipitation
and solar radiation dataset were obtained from 12 climate stations. These climate data were mapped
using appropriate radial based function. Climate stations have been calibrated regularly by the Turkish
State Meteorological Services (TSMS, 2015). Long term climate dataset was used because of avoiding
the seasonal climatic variability in the region.

2.2.4. Soil Data

Soil data has course spatial resolution in raster format, only soil depth was used because of its
importance in wheat cultivation. Soil dataset are also showed land use ability based on slope and erosion
and main soil groups. However, slope data has already been used as a factor. Soil depth data showed
five categories from 0 to 120+ c¢cm in the map.

2.3. Method

Method of the study contains four main stages; i) criteria selection and preparation, ii)
standardization and weighting of the factors, iii) ANN application and, iv) accuracy assessment. All
factors were defined according to the effects on wheat growth and dataset accessibility. Climate,
physical, social, soil and field datasets were pre-processed before the multi-criteria analyse (MCA)
(Figure 3).
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2.3.1. Factor Selection and Preparation

Slope and hillshade were produced using standard spatial analyses tools within a GIS
environment from DEM data. Elevation is very important factor for the crop productivity. It is directly
related with atmospheric variables such as temperature. Additionally, slope is another factor for
economic farming. Sun illumination effect was evaluated using hill shade, as a vital factor for crop
growth.

Climate variables were mapped using radial basis function (RBF) interpolation technique that
has been used widely in regional studies (Satir and Berberoglu, 2016). RBF is a one of the most used
geo-statistical model which contains an algorithm to predict unknown spatial point values from known
values (Barton et al., 1999). Simply, RBF run by Euclidian distance in a linear system. However,
prediction line can be defined according to the prediction function type such as gaussian, quadratic or
cubic.
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Euclidian distance of the main roads were mapped using distance tools in GIS. So, accessibility
of the fields was evaluated. Additionally, LUC map was used to mask restricted areas from final results
such as, water bodies, existed built up areas, restricted zones and nature protection areas.

2.3.2. Standardization and Weighting

In a multiple data assessment technique, value range of input data layers can be variable such
as, slope factor ranges between 0 and 90 degree, whereas elevation can be in between 1000m and 2000m.
Therefore, each factor must be standardized in a pre-defined range according to the research goals, and
it has been usually between 0 and 1. Thus the priority of each factor can be comparable with each other.

Fuzzy standardization technique was applied to the all inputs to obtain more accurate results
(Mosadeghi et al. 2015). Fuzzy standardization idea is based on soft limits (boundaries) as hard
boundaries are inapplicable between two different landscapes in the nature. So, fuzzy technique
considers a transition zone between suitable and not suitable regions. Fuzzy set functions can be
sigmoidal, gaussian, linear or user defined. Function form is very flexible according to the factor type
and study goal like gaussian, monotonically increased or decreased forms (Kavzoglu et al. 2014).

Weighting process is one of the critical issues in a multiple data assessment technique for land
use suitability or geographical risk analysis (Satir, 2016). Ideal point based weighting was used in this
study. Existing wheat fields were divided two parts as, training (75%) and testing (25%). Training
dataset was used to derive weights of each factor. In this stage, factors were categorized individually
with respect to impacts on wheat cultivation, and distribution of the training data in each category was
detected. In the second part, standard deviation (SD) of each factor was calculated based on training
data distribution. Small SD value of a factor indicates homogenous distribution of training data, which
means this factor has low impact on wheat growth. Oppositely, if the training data distribution is
heterogeneous in each category, it is referred that factor priority on wheat growth is high.

2.3.3. ANN Approach

The multilayer perceptron (MLP) approach that has been the most commonly encountered ANN
model in data analysis and remote sensing (because of its generalization capability) was used in this
study (Rumelhart et al. 1986). Crop suitability mapping by ANN was applied in three stages to be;
training, allocation and testing. In training stage, ideal and non-ideal data values are matched with input
variables, and neural system is trained. Backpropagation algorithm that is most commonly used
algorithm were used with generalized delta rule (Rumelhart et al. 1986). In this algorithm, network is
trained iteratively until: (1) the maximum number of pre-specified iteration was reached, (2)
performance had met a suitable level, and (3) the gradient was below a suitable target. Optimal model
can be determined experimentally. In this paper, the basic feed forward, back-propagation ANN
described above is used as a regression model to estimate the wheat farm suitability based on geo-
environmental inputs.

2.3.4. Relative Operating Characteristic

The Relative Operating Characteristic (ROC) is a reliable technique to test a Boolean and
continuous dataset. For example, the ROC could be used to compare an estimated probability for fire
risk against a fire occurrence dataset (Satir et al. 2016). The ROC is showed “how match the Boolean
and continuous dataset in each category”. It is mean that how successful dataset “A” to identify dataset
“B. Thus, the ROC analysis is useful for cases in which the scientist wants to see how well the probability
map portrays the location of a particular category but does not have an estimate of the quantity of the
category.

3. Results
The results were presented in three sub-sections (Input data preparation, wheat suitability

analyses and accuracy assessments).
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3.1. Input Data Preparation

Climate, physical and social datasets were mapped before the MCE process. Climate dataset
was interpolated using RBF. Long term (2006 — 2015) minimum, maximum, mean temperatures, annual
precipitation and solar radiation maps were produced. Annual maximum and minimum temperature
were around 22 °C and -8.5 °C respectively. Van Lake has warming effect in the region on temperature.
Long term annual total precipitation was mapped within the range of 391mm and 828mm for the study
area, and particularly, south-western side receive more precipitation than other parts (Figure 4).
Precipitation and solar radiation of the study area are more heterogeneous than temperatures, according
to standard deviation of the climate dataset (Table 2).
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Figure 4. Interpolated long term annual climate dataset.
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Table 2. Spatially distributed climate dataset characteristics of the study area

Climate data Max. Min. value Mean Standard

value value deviation
Annual Maximum Temperature (°C) 22 17.4 20 13
Annual Minimum Temperature (°C) -0.8 -8.5 -4.3 16
Annual Mean Temperature (°C) 9.6 6.1 7.8 0.9
Annual Total Precipitation (mm) 858 391 524 95.1
Annual Total Solar Radiation (cal/m?) 467 343.8 400 22.9

Physical and social dataset: Hillshade and slope data were produced from DEM, and altitude,
hillshade and slope were used within the analysis. Additionally, soil depth data was provided by VPDA
in grid format with scale of 1/100000. Only road network data was used to consider the accessibility of
the croplands as a social factor. Additionally, distance from main road networks map was derived for
these analyses in a GIS environment (Figure 5).
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Figure 5. Produced physical and social dataset.
3.2. Wheat Suitability Analyses

Two approaches were applied to obtain wheat suitability map to be standard deviation based
linear MCA and non-linear ANN based multi data assessment approaches.

In the first technique, suitability analysis was applied in three steps; i) Fuzzy based
standardization of factors derived from existing wheat fields, ii) Weighting of inputs from first step
utilising existing wheat field heterogeneity (Standard deviation) and iii) mapping the results in
continuous and categorical form.

i) Standardization

Each input data has its own data range and unit, so all input variables were standardized using
fuzzy approach, and range of the input dataset was set between 0 and 1 according to the wheat growth
suitability. In this extent, input dataset was categorized based on distribution of the existing wheat fields
to define appropriate fuzzy membership function type such as linear, sigmoidal or user defined. For
example, long term total annual precipitation and distribution of wheat parcels in each precipitation
categories were analysed, and a linear decreasing relationship was detected (Figure 6).
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Figure 6. Sample precipitation fuzzy standardization for wheat suitability.
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Input variables and fuzzy membership function types for standardizations were shown in table
3. Standardized inputs variables were derived based on existing wheat field distribution (Figure 7).

Table 3. Fuzzy membership function types for standardization

Input variables Original data Unit Fuzzy membership Standardized
range function type data range
Min. Temperature -08--85 °C Gaussian
Max. Temperature 175-22 °C Linear Decreasing
Mean Temperature 51-97 °C Linear Increasing
Precipitation 391-858 mm Linear Decreasing
Solar Radiation 344 — 467 cal/m? Gaussian
Elevation 1057 — 3663 m User defined 0-1
Slope 0-76 ° Sigmoidal Decreasing
Hillshade 0-255 value User defined
Soil Depth 0-120 cm User defined
Distance from 0-50000 m  Sigmoidal Decreasing
roads
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Figure 7. Fuzzy standardization results
ii) Weighting

In this study, 10 geo-environmental factors were considered to map the suitable lands for wheat
growth. All factors are of different effects on wheat growth, and some of them more important than
others. There are many approaches to define the priority of the factors, and some of the common
techniques were described in introduction section.

Ideal point based weighting approach was used because this technique is more objective than
others. In this context, 171 wheat parcels were assessed according to the parcel distribution and
frequencies in each category. First of all, factors were categorized based on effects on the wheat growth.
For instance, all temperature dataset was reclassified by considering 1°C difference. In precipitation, 90
mm interval was applied for categorization. In second stage, distribution of the 171wheat parcels in each
category have been detected, and in the last stage, heterogeneity of the wheat parcels in each category
was evaluated through standard deviation analysis. The hypotheses of this stage are;

a) If the distribution of the wheat parcels is homogeneous, this factor has weak impact on
wheat growth, because variability of the factor is ineffective.
b) If the distribution of the wheat parcels is heterogeneous, this factor has a significant

effect on wheat growth. Because variability of the factors is effective on wheat growth suitability.
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Priorities (weights) of the factors (inputs) were detected according to the standard deviation
(SD) values of the wheat area distribution of each category. Large SD value means that heterogeneity
of the factor is high, and it has a significant effect on wheat growth (Table 4).

In the second approach, ANN based wheat suitability degrees were detected. MLP based ANN
consist of 5 main variables to be (1) size of the training data, (2) the network architecture, (3) the learning
rate, (4) the learning momentum and (5) the number of training cycles that have direct effects on
accuracy.

Size of training data must be characterized to the studied field on wheat farm suitability. In total,
238 field data were used to get the wheat suitability and distribution of the fields were selected
considering physical and climatic variability.

Network architecture of the study consist of 8 input neurons (Elevation, slope, hill shade, soil
depth, annual maximum, minimum and mean temperature, total precipitation and distance from road),
17 hidden neurons and 2 output neurons (suitable and non-suitable). Single hidden layer was used in the
study and hidden neuron count was defined experimentally.

The learning rate determines the portion of the calculated weight change that will be used for
weight adjustment. This value range is between 0 and 0.99. In this study small learning rate was used to
be 0.01. However, small learning rate needs more training cycles than big one.

Learning momentum is used to allocate learning rate. It takes values between 0.1 and 0.9. Also,
this value can be defined experimentally, in our study it was defined as 0.5.

The number of training cycles was defined according to the testing and training accuracy. In
MLP technique, training and testing accuracy of the network has been increased in each iteration until
the ketch stable line. In our study, stable line was obtained around 18000 iterations, but system has been
worked until the 50000 iterations to see the late break points (Figure 8).
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Figure 8. Testing and training error monitor of the ANN.
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Table 4. Weights and priority ranks of geo-ecological factors

Factors

Categories: Data range: SD values
wheat parcel counts

Weights

Priority
Rank

Max. Annual Temp.

4®)

Min. Annual Temp.
4®)

Mean annual Temp.

0

Annual Total
Precipitation (mm)

Annual total solar
radiation (cal/m?)

Slope (degree)

Hillshade (sun
effect)

Elevation (m)

Distance from main
roads (m)

Soil depth (cm)

1:17 -18: 28 36.12
2:18-19:0

3:19-20:0

4:20-21: 66

5:21-22:77

1:-09-03:0 23.95
2:03-15:0

3:15-27.0

4:27-3.9:54

5:.39-5.1:51

6:5.1-6.3:1

7:6.3-7.5:28

8:75-8.7:37

1:5-6:28 31.16
2.6-7:0
3:7-8:10

4:8-9:68

5.:9-10:65

1: 390 — 480: 96 47.41
2:480-570: 75

3:570-660: 0

4:660—750: 0

5: 750 - 860: 0

1: Very low: 0 31.45
2: Low 277

3: Medium : 29

4:High :54

5: Very high: 11

1:0-5 :165 58.05
2:5-10 :

3:10-15:

4:15-20:

5:20-25:

6:25-30:

7:30-35:

8:35<...:

1: Very low : 0 72.06
2: Low :0

3: Medium :7

4: High : 163

5: Very high : 1

1: 1050 — 1350: 0 34.15
2: 1350 — 1750: 23

3: 1750 — 2150: 87

4: 2150 — 2450: 61

5: 2450 — 2750: 0

6: 2750 — 3050: 0

7: 3050 — 3350: 0

8: 3350 — 3650: 0

1: 0 - 5000 1171 76.47
2: 5000 —-10000 :0

3: 10000 — 15000 : 0

4: 15000 —20000: 0

5:20000<... :0

1:0-20 :37 28.22
2:20-50 :57

3:50-90 :6

4:90-120:5

5:120<...:66

SocoococomN ™

0.082

0.054

0.071

0.108

0.072

0.133

0.164

0.078

0.174

0.064

5

10
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iii) Wheat suitability maps and accuracy assessment

In linear technique, standardized factors were multiplied by the weights and suitability degree
of the wheat areas were produced. Constrains such as water bodies, existing settlement areas and roads,
airport area and bulrush areas were masked out from the final maps. Predicted wheat suitability map
was tested using 57 existing wheat parcels using ROC analyse. ROC co-efficiency was 0.875. This result
indicated that this method was capable to map wheat suitability accurately in the region. Suitability
degree map was divided into five categories including very high, high, medium, low, very low to
demonstrate the spatial diversity of wheat growth suitability clearly. In total, 19.104 km? area was
classified to be 14% very high, 30% high, 31% medium, 17% low and 3% very low wheat growth
suitability. Additionally, almost 3% of the area was ignored because of restrictive characteristics (Figure
9).
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Figure 9. Wheat suitability maps by linear approach (MCA).

In ANN technique, weighting was performed automatically based on existed wheat areas. ROC
statistic was applied using same testing dataset with linear method. ROC co-efficiency was obtained to
be 0.71 for ANN analyses. Wheat suitability categories were classified as 32% very high, 9.4% high,
9.6% medium, 11.7% low and 34.3% very low respectively. ANN result was not match very well with
testing data according to the ROC value. Because, 0.71 was lower than 0.75 threshold and it is mean
that the ANN result was matched with testing data slightly (Figure 10).

The highest suitable regions (very high suitability) were compared by current Land Use Cover
(LUC) maps of the region that was produced by Satir et al. (2016) according to the CORINE Level 1
classification scheme. Results showed that grasslands of the region were under the pressure of the
agriculture. Because, 67% of the most suitable regions were covered by the agricultural areas. However,
28% of the most suitable areas were covered by the grasslands (Table 5). In addition, agricultural areas
were increased in last 15 years period, and main aspect of the LUC change was detected from grassland
to the agriculture (Satir et al. 2016).
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Figure 10. Wheat suitability maps by' ANN approach.

Table 5. Areal analyses of the wheat suitability categories and distribution of the very high suitable areas
based on current LUC

Suitability (%) Coverage Area (ha) LUC (%) Coverage Area (ha)
Very high 15 271220 Agriculture 67 181651
High 30 582967 Grassland 28 76073
Medium 31 593026 Bareground 4 13098
Low 17 330127 Other <1 398
Very low 3 56855

Constraints 4 59037

4. Discussion and Conclusions

This paper demonstrated two spatial decision support approaches considering some of the
important environmental factors to map the wheat growth suitability. Agricultural areas have been
decreased as a result of industrial development particularly in Turkey. The status of study area is taken
as governmental subventions for the animal husbandry and field crops especially for the cereal
cultivation. Therefore, this region is under the urbanization pressure due to immigration from the rural
areas (Satir and Erdogan, 2016). Research was focussed on the wheat areas, also the wheat is one of the
most resistant field crops in cold regions, and it is cultivated in large fields in the Eastern Turkey.
Additionally, in the 2017-18 marketing year (July/June), cereal imports were increased to 7.4 million
tonnes (up 4 percent) compared to previous year that was the 7.1 million tonnes particularly in wheat
(FAO, 2018). Although the wheat cultivation and yield have been increased, wheat import has been in
an increasing trend. However, production increase was caused by the ideal climatic conditions instead
of the increase in wheat fields (USDA, 2018). Therefore, crop based protection on agricultural land
management must be one of the most important priority in Turkey and fast developing countries. As a
result of the priority analysis, precipitation is an important factor because cereal production is only
dependent on rainfall or snow melts in the study area.

Ideal data based approaches were applied, and wheat cultivated fields were used to be ideal
places covering two years growing periods in the study area. Many similar studies on agricultural
suitability mapping were used expert based or literature based techniques to define priority of factors
and AHP approach was used to define the weights of factors. Additionally, these studies ignored
validation (Sarkar et al. 2014; Yalew et al. 2016). Therefore, this study bridges the gap between mapping
and validating the crop growth suitability to get the more solid results. In this extent, two approaches
were examined to be ideal data based linear and ANN. In the first approach, location of the existed
wheat fields was analysed according to the spatial distribution inside the categories. So that factor
importance was tried to detect for wheat growth based on hypotheses that was described in weighting
section. In ANN technique, network architecture was established according to the input dataset and
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experimental analyses. Results of the two techniques were validated using ROC statistic and ROC co-
efficiencies were obtained to be 0.875 and 0.71 respectively. Linear technique was more successful than
ANN in our study. In linear approach, weighting of the input factors was completed using standard
deviation based method and this method was in user control, so user can be modified the categorization
thresholds. However, in ANN technique weights were defined automatically according to the input
parameters and training dataset. Additionally, distribution of the training points in each category was
considered in linear technique. Bagkale location (South Eastern) was more suitable than linear technique
for wheat cultivation in ANN technique. Training point density was less than other regions in this part
because only some limited areas have been suitable for agriculture in Baskale region and linear
technique was defined successfully. On the other hand, ANN method was defined Baskale region as
very high suitable for wheat cultivation. In general, this region is suitable for wheat farming, but
productivity is less than lakesides.

In conclusion, suitable regions were located around the Van Lake because of appropriate
climatic and topographic conditions. Combination of the ideal data and multiple data assessment
technique in a GIS environment has an impressive potential to evaluate the crop growth suitability. In
this extent, cultivated parcels or yield dataset can be used to extract the ideal parcels or points for the
crop growth. Transportation accessibility, hill shade (sun effect), slope and precipitation were defined
the most significant factors on wheat growth in the study area orderly. Another result of the study was
that only the 67% of the very suitable classified areas were agriculture today. It is mean that there are
some very suitable fields which has not been used for agriculture in the region. This result is important
for the land use planners to calculate potential ecosystem service value, and livestock in the region.
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