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Abstract

Developing land suitability models for strategically critical agricultural products to expand sustainable agricultural policies
and sensitive agriculture management has become a significant trend. This study aims to improve a unique land suitability
model for hazelnut cultivation by applying the criteria set (7 main criteria, 35 sub-criteria) including qualitative and quan-
titative reasons, integrated fuzzy analytic hierarchy process, inverse distance weighting, multi-criteria decision analysis,
geographic information system, and weighted linear combination approaches. The model developed in the present study was
applied and tested in Unye District of Ordu Province, where hazelnut production in the Eastern Black Sea region of Turkey
is an important economic activity. While 71.17% of the study area is classified as very highly suitable, highly suitable, and
moderately suitable, 28.83% of the study area has marginally suitable and unsuitable properties for hazelnut cultivation.
Generally, it was determined that the coastal parts of the study area were the most suitable areas for hazelnut growing. The
hazelnut land suitability model’s two main criteria impacting the final score values are climatic and topographic conditions,
respectively. Heavy metal pollution and physical, chemical, and fertility conditions related to soil properties followed these,
respectively. The first ten sub-criteria with the highest weight value were determined as elevation, annual average temperature,
annual average precipitation, aspect, annual average relative humidity, nickel (pollution), slope, annual average maximum
temperature, lead (pollution), and soil depth, respectively. Existing hazelnut cultivation areas were used to test the model.
Of the existing cultivation areas, 75.59% coincided with the very highly suitable, highly suitable, and moderately suitable
classes presented in this study, while 17.15% were in marginally suitable and 7.26% in unsuitable classes. The study results
reveal that the hazelnut land suitability model developed is suitable in mild climate conditions. Using this model as a general
transition model will be beneficial to test it in areas containing similar climatic conditions and various soil properties. This
study will create a rational background in ensuring the sustainable food production system and security, agricultural land
use planning, strategic planning and management of the hazelnut plant, increasing agricultural productivity and income,
and the ecosystem.
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Introduction

The rapid increase of the global population, unplanned
urban sprawl, industrialization, erroneous local, regional,
and national planning strategies and misuse of agricul-
tural lands are increasing day by day due to haphazard
site selection decisions without using multi-criteria deci-
sion analysis methods. On the other hand, agricultural
lands are at serious risk due to pesticide and excess fer-
tilizer application, heavy metal pollution, mining activi-
ties, and improper waste management policies (Zhu et al.
2018; Jiang et al. 2020). This situation has irreversible
consequences for food security, biodiversity, sustainable
agricultural production, and public health (Ozkan et al.
2020; Dereumeaux et al. 2020). For this reason, sustain-
able and rational use of lands, determination of suitability
and quality of lands, and integrated evaluation of informa-
tion such as climatic, topographic, and soil characteristics
are of great importance in terms of transferring natural
resources/heritage to future generations. In addition,
today, people are becoming more environmentally con-
scious, which gives more momentum to adopt the sustain-
able use of the world’s natural resources.

To develop sustainable and effective agricultural policies
and ensure self-sufficiency in agricultural production, it is
essential to evaluate land suitability for agricultural activi-
ties and significantly develop product-based evaluation
indexes/models (Dedeoglu and Dengiz 2019; Tercan and
Dereli 2020). Product-based land evaluation approaches are
of additional importance, especially for products of strategic
importance for developing countries. In this context, land-
use strategies that will support rural development should be
designed to ensure the sustainable production of hazelnuts,
which has strategic importance for Turkey and strengthens
competition in the global market.

Hazelnut (Corylus avellana L.) is one of the most critical
nut plants in the world due to its role in the nutrition, human
health, cosmetics, and pharmaceutical industries (Pannico
et al. 2017; Ortega Farias et al. 2020; Alidust et al. 2020). It
is grown in temperate marine climates, particularly in Tur-
key, Italy, the USA, Azerbaijan, Georgia, Spain, and China.
Despite their wide range of natural distribution, commercial
orchards are concentrated in a few locations worldwide. Tur-
key is the leading hazelnut-producing country contributing
more than half of the global production of shelled hazelnuts,
followed by Italy, the USA, and Azerbaijan (FAO 2019; Jha
et al. 2021).

Hazelnut has continually ranked first among agricultural
products in Turkey as an export product. It has social and
economic importance for the producers in the hazelnut-
growing areas. Hazelnut production is the primary source
of income for most farmers, especially in the provinces on

Turkey’s Eastern Black Sea coast. Most of the hazelnut fields
in the Eastern Black Sea region have a more than 20% slope.
They are not very suitable for other agricultural applications.
Hazelnut gardens in Turkey have an average area of 0.4 to
1.0 hectares and are generally located on sloping lands. In
general, areas with a soil pH between 6.0 and 7.0 and receiv-
ing approximately 1000 mm of rainfall are suitable ecologi-
cal conditions for growing hazelnuts. The production area
is mainly harvested for commercial purposes. The hazelnut
has been extensively spreading over approximately 540,000
hectares in 13 provinces in the Black Sea region of Turkey
for the last 2500 years (Sarioglu et al. 2013). In addition to
that, Doganay (2012) reported that at the growing hazelnut
areas in the Eastern Black Sea region, commercial hazel-
nut cultivation was started in the fourteenth century or at
the beginning of the sixteenth century. Thus, it is crucial to
carry out product-based assessment studies and develop a
land suitability model for hazelnuts, notably in areas where
hazelnut production is intense in Turkey since hazelnut pro-
duction has an essential place in agricultural income.

The development of methodologies that facilitate land
suitability assessment has been the primary goal of land
appraisal studies. In general, land assessment methods are
divided into qualitative methods based on expert knowledge
and quantitative models based on simulation models. Quan-
titative models are highly detailed for field performance and
often require a lot of data, time, and costs. On the other
hand, in determining the suitability of agricultural lands with
qualitative approaches, land and soil properties are expressed
with mathematical formulas (Ozkan et al. 2020). In this con-
text, land suitability assessment for agricultural activities is
naturally accepted as a complex problem with more than one
criterion. In other words, an evaluation approach that covers
more than one criterion would be more appropriate for land
assessment analysis studies. In this case, especially potential
agricultural lands should be determined. By applying today’s
technologies, land suitability studies should be carried out to
rationalize and evaluate fast, accurate, and sufficient infor-
mation and data regarding soil and land resources.

The process of evaluating land suitability and developing
product-based evaluation models requires the evaluation of
many interrelated and conflicting criteria such as climatic,
topographic, and geological conditions and soil properties
in line with expert opinions and, therefore, a multi-criteria
approach. Multi-criteria decision analysis (MCDA) methods
are used to solve problems with many conflicting evaluation
criteria. The analytic hierarchy process (AHP) method is one
of the MCDA methods that can quickly solve complex deci-
sion problems with a hierarchical structure consisting alter-
native and evaluation criteria (Tiirkes et al. 2020; Tercan
et al. 2021). However, the traditional AHP method is insuf-
ficient to solve real-life problems with uncertainty and where
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data are uncertain. In such cases, the fuzzy logic theory is
employed to strengthen the solution to the problem (Deng
1999). In determining the weights of the evaluation criteria
in this study, the fuzzy AHP (FAHP) method frequently pre-
ferred for resolving spatial location problems in the literature
(Tercan et al. 2020; Karaca et al. 2021) was used. In addi-
tion, these difficulties can be overcome more easily, thanks
to current technologies such as remote sensing (RS) and geo-
graphic information system (GIS) and approaches such as
MCDA to make rational analyses and evaluations. GIS cre-
ates a solid and integrated background for experts in storing,
analyzing, and visualizing spatial data sets required for land
suitability assessment for various purposes. Numerous sci-
entific research studies have been conducted in the literature
that combine the capabilities of the GIS environment with
MCDA approaches for the presentation and development of
product-based evaluation models (Zhang et al. 2015; Dengiz
et al. 2015; Kazemi et al. 2016; Maleki et al. 2017; Ozkan
et al. 2019; Ostovari et al. 2019; Dedeoglu and Dengiz 2019;
Pilevar et al. 2020; Nguyen et al. 2020; Nabati et al. 2020;
Fekadu and Negese 2020; Tercan and Dereli 2020). On the
other hand, as far as the authors of this article know, a land
suitability model has not been developed for hazelnut, which
is economically and strategically important for Turkey. To
find a solution to this necessity, climatic (temperature, pre-
cipitation, and relative humidity) and topographic (elevation,
aspect, and slope) factors and many characteristics of the
soil (physical, chemical, productivity, heavy metal pollution)
were considered. A unique GIS-MCDA-based land suitabil-
ity model was developed for the hazelnut plant in the Black
Sea region of Turkey, which has semi-humid and humid ter-
restrial ecosystems. In this study, FAHP, inverse distance
weighting (IDW), weighted linear combination (WLC), and
GIS approaches were used. In addition, the model developed
in the study was used and tested in Unye District of Ordu
Province located in the Black Sea region. In this context, the
main contributions and prominent aspects of the research
are as follows:

e [t will contribute to evaluating current planning decisions
by comparing the existing hazelnut cultivation areas and
the appropriate fields obtained due to the model devel-
oped in this study.

e [t will provide essential background for the sustainable
and rational use and management of lands with the inte-
grated evaluation of many criteria sets.

e This land suitability model developed for hazelnut, which
is economically valuable for Turkey and has strategic
importance worldwide, will create an essential and ben-
eficial hazelnut strategic planning framework for agricul-
tural land use planning, land planning, and management
of hazelnut plant, food security, and humanity.
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e Considering and applying this model at the country level
will provide serious advantages in product quality and
efficiency in the global market.

e This study can help farmers, hazelnut growers, and
regional planners make better hazelnut plantation deci-
sions.

e The model developed in this study can be a planning tool
for hazelnut cultivation in different study regions.

e This study will significantly contribute to the literature,
as it is the most comprehensive GIS-MCDA-based land
suitability model developed for the hazelnut plant.

The rest of this study is organized as follows: The gen-
eral description of the study area, definition of the modeling
approach and its stages, current land use/land cover of the
study area, soil sampling and analysis, criteria definition and
suitability scores of sub-criteria, and Fuzzy AHP approach
are given in the “Materials and methods” section. Some
physicochemical properties and heavy metal concentration,
and land suitability for hazelnut and validation are given
in the “Results and discussion” section. In the last section,
“Conclusions” are presented.

Materials and methods
General description of the study area

The study area is Unye District, one of the 19 districts of
Ordu Province located in Eastern Black Sea region of Tur-
key. The study area is situated between 37°0'39.51"-37°
26'37.03" east longitudes and 41°8'40.1"-40°52'17.16"
north latitudes and has a surface area of 510.6 km>. The
minimum and maximum elevation of the study area is 0 m
and 1149 m, respectively (Fig. 1).

The Black Sea is located north of the district and the
North Anatolian Mountains to the south. The Black Sea
climate is effective in Unye and its vicinity. According to
the meteorological observation data for the 1960-2016
period, the annual average temperature in the study area is
14.3 °C, the annual average relative humidity is 75.2%, and
the yearly average total precipitation is 1044 mm. Humidity
is high due to its low altitude compared to its surroundings
and close distance to the sea. Due to the precipitation in
every season, the number of cloudy days and annual pre-
cipitation is high. The precipitation decreases towards the
south, and the Black Sea climate leaves its place in the con-
tinental climate. In Unye, which has a warm and temperate
climate, rainfall can be seen even in the driest months.
It has a soil diversity of the gray-brown podzolic, brown
forest, and alluvial soils. In addition, according to WRB
(2015), the study area’s soils were classified as Alisol and
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Fig. 1 Location map of the
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Acrisol-Podzols by Ozcan et al. (2017). Considering the
geological pattern of the study area, basalt, trachyandesite,
dacite, tuff, and pyroclastic rocks dominate as volcanic and
volcanoclastic rocks of the Late Cretaceous and Eocene age.
In addition, marine and fluvial sediments, alluvial deposits,
and late Cretaceous-Paleocene sedimentary rocks, which
are accepted as early Quaternary-Pleistocene, exist in the
area sandstone-mudstone, claystone, mudstone-limestone,
sandstone, and limestone (Ersoy et al. 2006). In terms of
economic activities, the most critical income-generating
agricultural product in agricultural activities is hazelnut.
Unye District was chosen for the hazelnut land suitability
model due to the suitability of the climatic conditions, fertile
agricultural lands, the soil characteristics, geographical loca-
tion, and the fact that hazelnut production is an important
agricultural economic activity.

Definition of the modeling approach and its stages

This study was conducted to determine ecologically and
economically suitable areas for hazelnut agriculture. Vari-
ous methodologies such as MCDA, Fuzzy-AHP, and Geo-
statistics were adopted concerning GIS and RS techniques
to overcome the complex ecological structure of nature.
Consequently, the modeling architecture was developed to
reveal the relationships between the methods presented in
Fig. 2. Determining the hazelnut suitability areas consists
4 main steps. In the first step, satellite image analysis was
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Fig.2 Schematic chart

conducted to determine the study area’s current land use and
cover types. In the second step, the analysis of soil samples
belonging to the site, the indicators’ determination, and the
primary database’s creation was performed. In the third step,
data analysis was performed to determine the hazelnut suit-
ability areas and test the obtained results’ accuracy. In the
last step, the findings were evaluated.

Current land use/land cover of the study area

Sentinel satellite image covering the study area was used to
determine the study area’s current land use and land cover
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spatial distributions. The satellite image was produced on
29 July 2020. The resolution of the bands (Band 8, Band 4,
Band 3, Band 2) used was given as 10 m, and the cloudi-
ness ratio as 0.7025. Corine land cover/use classification
system (Kosztra et al. 2017) was applied to define the land
use classes and slightly modified for the study area. Five
land use classes were determined in this study. These classes
are artificial surfaces, agricultural areas, hazelnut cultivation
areas, forest, semi-natural areas, and water bodies. The max-
imum likelihood approach (Kogo et al. 2021; Hishe et al.
2021), the controlled classification method frequently used
in the literature for land cover/use classification, was used in
the image classification. Local knowledge of the study area
was used to develop a training data set. Training samples
represent five land use classes. The number of training sam-
ples differs for different classes depending on the variability
of each class and ease of identification. Envi 5.3v software
was employed to perform these operations.

Of the study area, 9.63% (49.55 km?) was determined as
artificial surfaces, 9.83% (50.62 kmz) as agricultural areas,
57.94% (298.19 km?) as hazelnut cultivation areas, 22.60%
(116.30 km?) as forest and semi-natural areas, and 0.001%
(0.0036 km?) as water bodies (Fig. 3). As can be seen from
the results of the land use map obtained, most agricultural
areas are used as hazelnut orchards. In this study, random
sampling points were created for each cell to evaluate the
classification performance. Then, accuracy analysis was per-
formed by evaluating whether these points are in the real

Fig.3 Current land use and
land cover map of the study area
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land use class or not. For accuracy analysis, it was ensured
that the sample size of each class or region of interest (ROI)
was precisely the same. Error matrices were generated as a
result of evaluating the randomly generated points. Evalua-
tions of the produced test and control points were carried out
using visual interpretation and past Google Earth satellite
images based on local information of the study area. Overall
accuracy and kappa coefficient were used to evaluate the
classification accuracy. The overall accuracy was 91.94%,
and the kappa coefficient was 0.88.

Soil sampling and analysis

Fieldwork was carried out in 2019. Seventy-five soil samples
were collected from a depth of 0-30 cm from the hazelnut
orchards distributed within the study area that met the speci-
fied criteria (Fig. 1). Sampling was conducted following the
autumn harvest period to minimize the effects of agricultural
activities during the previous growing season, such as field
traffic and fertilization. Soil sampled gardens had been used
for hazelnut production for a long time (more than 30 years).
Sampling points were recorded using a portable Global Posi-
tioning System (GPS) device (Garmin eTrex 30 X Magellan).
After soil samples were brought to the laboratory, they were
separated from the roots and coarse particles; after being
made air-dry at room temperature, they were sieved through
a 2-mm sieve and made ready for physical and chemical
analysis. The methods adopted in the physical and chemical

Black Sea
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Table 1 Methods applied for the analysis of soil physical and chemical properties

Parameter Unit Procedure Reference

Texture (clay, silt and sand) % Hydrometer method Bouyoucos 1951

pH 1:1 Soil-water suspension (w:v) Soil Survey Staff 1992

EC dSm™! Soil-water suspension (w:v) Soil Survey Staff 1992
CaCO;, % Calcimetric method Soil Survey Staff 1992
Organic matter % Walkley—Black method Nelson and Sommers 1982
Available P mg kg~! Bray-Kurtz and Olsen method Bray and Kurtz 1945; Olsen et al. 1954
Total N % Kjeldahl method Bremner and Mulvaney 1982
Exchangeable cations mg kg~! Ammonium acetate extraction method Soil Survey Staff 1992

Ca, Mg, Na, K

Microelements mg kg™ DTPA extraction method Lindsay and Norvell 1978
Fe, Cu, Zn, Mn

Available B mg kg~! Azomethine-H method Cottenie et al. 1982

Total heavy metals mg kg™

Cu, Cd, Cr, Pb, Co, Ni, Zn

According to EPA 3051
ICP-OES detection

Kloke 1980

studies of soils were determined according to the methodolo-
gies in the literature shown in Table 1.

Criteria definition and suitability scores
of sub-criteria

Determining the land’s suitability and quality is essential
in assessing land use according to its potential and protect-
ing natural resources for future generations (Ozkan et al.
2020). Land use types are defined by land quality parameters
or land use requirements, the land conditions necessary for
successful agriculture. In contrast, land mapping units are
defined as a set of land and soil characteristics that affect the
suitability of specific land use types (Dengiz 2013). The land
use type in this study is hazelnut. In this context, the most
crucial step in determining suitable areas for the sustainable
use of hazelnut fields is selecting eligibility indicators. It
is undoubtedly impossible to use many features affecting
eligibility areas at various levels. Consequently, it is vital to
select the appropriate indicators to establish the land suita-
bility assessment model. Karaca et al. (2021) stated that it is
commonly accepted that land and soil suitability indicators
can be separated naturally or dynamically. While natural fac-
tors may be, for instance, soil texture or mineralogical com-
position, dynamic property indicates that soil management
decisions (fertilization, irrigation, tillage, etc.) are consid-
ered to assess how they affect soil properties. Some research-
ers (Qi et al. 2009; Doran and Parkin 1996) suggest that
when determining the land suitability assessment of the land
use type, as few as possible but effective parameters should
be used by considering ecological conditions. In developing
the spatial land suitability model for hazelnuts, seven main
criteria and 35 sub-criteria were employed. The rationale
for all criteria determined by considering the literature and

expert opinions is explained in the paragraphs below. Point
values between 0 and 3 (0 unsuitable, 1 marginally suitable,
2 moderately suitable, 3 highly suitable) is given to the value
ranges created for each sub-criterion.

Climatic conditions (C,)

The fact that hazelnut is a sensitive product in terms of
climatic conditions, and that it blooms during the winter
months in humid and temperate climates, is one of the pri-
mary conditions that limit and determine hazelnut cultiva-
tion. During the vegetative period (October, November,
December) (from dormancy to flowering) and the heat,
especially in the winter months, affects the flowering time
and the flowering duration of the male and female hazelnut
flowers (Beyhan and Odabas, 1996). An increase in mini-
mum temperature during the cold season may limit the accu-
mulation of cooling hours required to break the dormancy of
vegetative buds and trigger pollen shedding and female anes-
thesia (Mehlenbacher et al. 1991; Jha et al. 2021). The mini-
mum temperature should not fall below 0 °C too frequently
in the period called bud break and fully flowering corre-
sponding to January, February, March, and April (Beyhan
and Odabag, 1996; An et al. 2020). During this period, envi-
ronmental factors such as temperature, humidity, and wind
can reduce the germination power of flower powders. The
vegetative buds of hazelnuts are highly vulnerable to low
temperatures in the spring. Spring frosts damage especially
varieties whose buds awaken early. In addition, failure to
meet the total temperature required for ovarian tissue devel-
opment and fertilization during this period causes castings
and fruit failure (Beyhan and Odabas, 1996). During the fer-
tilization/ripening period of the hazelnut (grain filling sea-
son: from flowering to maturity) (May—June-July—August),
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wind and high summer temperatures and drought adversely
affect annual shoot development, flower bud formation, and
internal development of fruits (Beyhan and Odabas, 1996).
Particularly throughout this period, the increase in the num-
ber of days when the maximum temperature is higher than
35 °C and the relative humidity is below 70% causes severe
water stress that leads to a decrease in the seed filling and
a shortened vegetative growth (Thompson 1981; Tombesi
1994; Bignami and Natali 1996; Luciani et al. 2019; Jha
et al. 2021). On the other hand, the total annual precipitation
should be above 750 mm, and the relative humidity should
not fall below 60%, mainly in June and July (Koksal 2002;
Ustaoglu 2012).

In summary, in the suitability location selection model
presented in this study, factors such as annual average
temperature, annual average precipitation (mm), annual
average relative humidity (%), annual average maximum
temperature (°C), and annual average minimum tempera-
ture (°C) were considered as climatic conditions. Data on
meteorological observation stations that form the base of
the data set on climatic conditions were obtained from the
Turkish Meteorology General Directorate. In this study, 15
meteorology observation stations were used. IDW inter-
polation method, which is one of the deterministic spa-
tial interpolation methods that is commonly preferred in
GIS-based location selection applications in the literature
(Mokarram and Mirsoleimani 2018; Ostovari et al. 2019;
Tercan and Dereli 2020; Radocaj et al. 2021), was used
in generating distribution maps regarding climatic condi-
tions. While the value ranges and scores of these criteria
are presented in Table 2, the classified thematic maps are
shown in Fig. 4.

Table 2 Value ranges and scores of climatic and topographical conditions

Topographical conditions (C,)

The elevation is one of the most critical topographic con-
ditions due to the increased risk of hazelnut cultivation in
parallel with the increase in elevation. Therefore, it was
accepted as an evaluation criterion. In this study, elevations
above 750 m (Sarioglu et al. 2013) were considered unsuit-
able for hazelnut yield and quality areas. The most criti-
cal factor limiting hazelnut production with the increase in
elevation in inland areas far from the coast is the very low
winter temperatures. Another important topographic fea-
ture is the aspect. Aspect plays an active role in the plant’s
development, yield, and quality along with the parameters
such as exposure to sunlight, wind direction, and precipi-
tation (Aydinoglu 2010; Akinci et al. 2013; Dedeoglu and
Dengiz 2019). Therefore, it was accepted as an evaluation
criterion. In addition, the slope factor takes its place among
the topographical features in terms of protecting the soils in
place and affecting the land management systems. Lacko-
BartoSova and Buday (2013) stated that the slope degree
frequently indicates the land’s capability and suitability for
agricultural activities. Therefore, lands with low slope val-
ues should be preferred as much as possible to reduce ero-
sion risk, reduce organic matter and nutrient loss, reduce
irrigation and mechanization costs, and reduce maintenance
and transportation costs (Sauer et al. 2010; Begum et al.
2013; Dedeoglu and Dengiz 2019). Thus, the slope was
accepted as an evaluation criterion.

In the location selection model presented in this study,
elevation, aspect, and slope factors were considered topo-
graphic conditions. ASTER (Advanced Spaceborne Ther-
mal Emission and Reflection Radiometer), global digital

ID Sub-Criteria Value ranges and suitability scores
Highly (3) Moderately (2) Marginally (1) Unsuitable (0)
C, Climatic conditions
(O Annual average temperature (°C) 12.66-13.74 11.58-12.66 10.50-11.58 9.73-10.50
13.74-14.33
Cpn Annual average precipitation (mm) 996.50-1044.00 901.50-949.00 854.70-901.50 -
949.00-996.50
Ci3 Annual average relative humidity (%) 74.45-75.56 72.25-73.35 71.15-72.25 -
73.35-74.45
Cu Annual average maximum temperature (°C) 16.67-17.47 15.87-16.67 15.07-15.87 14.10-14.27
17.47-17.72 14.27-15.07
Cis Annual average minimum temperature (°C) 9.27-10.63 7.92-9.27 6.56-7.92 5.89-6.56
10.63-11.53
C, Topographical conditions
Cy Elevation (m) 0-250 250-550 550-750 750-1149
Cyp, Aspect North, Northeast, Flat Northwest, West, East, Southeast -
South, Southwest
Cy Slope (%) 0-10 10-20 2040 40-61
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Annual average
temperature

temperature

Elevation

Annual average
precipitation relative humidity

Annual average maximum Annual average minimum
temperature

Annual average

0: Unsuitable
1: Marginally suitable
2: Moderately suitable

3: Highly suitable

10 20 Kilometers

Fig.4 Thematic maps for the climatic and topographic factors: a annual average temperature, b annual average precipitation, ¢ annual average
relative humidity, d annual average maximum temperature, e annual average minimum temperature, f elevation, g aspect, h slope

elevation model (GDEM) (Earth Data 2021) obtained from
NASA (The National Aeronautics and Space Administra-
tion) Earth Data, was used as a database to produce the
elevation, aspect, and slope maps. While the value ranges
and scores of these criteria are presented in Table 2, the
classified thematic maps are shown in Fig. 4.

Heavy metal pollution conditions (C;)

Agricultural lands are under pressure due to geogenic pollu-
tion and anthropogenic pollution sources such as excessive
fertilizers and pesticides, fossil fuels, mining activities, rapid
population growth and urban sprawl