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Abstract

Aim: The objective of this study was to prioritize the regions in Antalya by taking into consideration the
factors causing erosion and desertification.

Methodology: Materials used in the study include technical factors, such as soil depth, inclination
spectrum, land use types and forest stand productivity, as well asvarious socio-economic factors like
proportion of forest village populations, coverage of agricultural fields, number of ovine and cattle,
coverage of pastures, intensity of grazing, socio-economic development values, educational level,
employment state and forest crimes. The data set obtained from those technical and socio-economic
materials was assessed using multivariate analyses techniques.

Results: The towns in Antalya have been sequenced according the priorities in erosion prevention studies
and the approach to be taken on the appropriate erosion prevention investment was assessed by
evaluating how the resources could rationally be used and which regions should be prioritized.

Interpretation: The technical and socio-economic indicators established by this study have resulted in the
identification of factors that can be used to select the priority areas. Based on the districts of Antalya,
Gazipasa, Kumluca, Finike and Glindogmus districts are placed in one group within the scope of the study,
in order to prioritize the areas of activity for combating desertification and erosion. The districts of Elmali
and Serik are placed in another group, while the districts of Kas, Manavgat and Korkuteli are in yet another
group. The Central District of Antalya comprise a group of its own. These groups should be taken into
consideration when implementing activities for the rational use of resources.
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Introduction

Each year, 24 billion tons of topsoil is lost and six billion
hectares of land becomes desertified for various reasons, of
which erosion is the most prominent. This brings with it a financial
loss to the world of more than 42 billion USD and the process
directly threatens 1.2 billion people in 110 countries. About135
million people are at risk and 10 million people are becoming
ecological migrants, as they leave desertified regions. Over 2.6
billion people, whose livelihood depends on the land, share the
same fate (Orhan, 2011).

The regions at the highest risk of desertification are in
North Africa, Middle East, Australia, South Western China and the
western South America. These regions are currently combating a
significant amount of desertification. The Mediterranean Region
and tropical and subtropical steppe ecosystems, as well as
having a lower level of shore and pasture area, are at a significant
risk at the global scale(Nufiez et al., 2010).

Soil loss is an important variable used in forest
management planning with the sustainability of multiple values
(Misir, et al., 2007). Soil erosion, besides having significant
impact on the productivity of cultivated land; also adversely
affects chemical, physical and biological functions of soil leading
to eutrophication of surface water resources and environmental
pollution (Sharda et al, 2013).

According to the World Convention to Combat
Desertification, desertification is defined as “soillosing its natural
qualities, or in short, soil erosion, in regions of drought, semi-arid
or regions receiving low rainfall, due to the effects of various
factors such as climate change and human factors.” According to
this definition, one third of the world is at risk of desertification. The
reasons for increasing desertification in Turkey are reported to be:
Soil erosion; excessive degradation of pastures; deforestation;
land misuse and mismanagement; v) desertification of land, and
vi) drought (Orhan, 2011).

Areview of the climate, topography, geology, hydrology,
vegetation and land suitable and not suitable for cultivation,
characteristic of pastures and forest areas of Turkey, together
with an assessment of the impact of population, shows that
Turkey is at risk of desertification as a result of the interaction
between nature and humans (Anonymous, 2005).

The climate of Turkey, which is, in general, within the
greater Mediterranean climate region that is dominant in the
western landmass of the subtropical zone, is as a result of the
Basralow pressure seasonal relocation that comprises the frontal
depression caused by the North-eastern Atlantic and
Mediterranean and the subtropical anticyclone and monsoon low
pressure of the Middle East (Atalay, 2002).

There are these main reasons for desertification in Turkey
viz. natural causes; technical reasons and socio-economic,
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administrative and legal reasons. The natural reasons are: soil
erosion; water and wind erosion; dune activity; reduction in the
quality of soil fertility, as the plant nutrient elements of soil are
leached from the top soil or by washout and environmental
changes (Anonymous, 2013). The technical reasons are:
deforestation (destruction or extinction of forest areas due to fire,
logging-settlements, “illegal or unregistered logging and
excessive grazing); incorrect, irregular, uncontrolled, untimely
and excessive grazing in pastures, especially those in located on
slopes; the hydrogeological structure or hydrological cycle being
effected by artificial roads; Stubble burning; The inappropriate
management of agricultural soil and exhaustion of soil;
unregulated irrigation of farming land leading to the continued
impact of high ground water; misuse of agricultural and forest
areas (cementing of soil); problems such as the saltification of
agricultural land and alkalinisation regarding desertification and
acidity; soil pollution; physical destruction of the land; unregulated
management of the agricultural and forest ecosystems or the
misuse of land, or the wrongful use of agricultural, pasture and
forest areas (agriculture in forest areas, agricultural use of
pastures, use of forest areas as pastures, etc. and to prevent
misuselack of regulation).

The socio-economic, administrative and legal reasons
are: problems resulting from legislation; migration; lack of
education. Within these main headings, the socio-economic and
legal reasons, which can be referred to as sub-headings and that
may contribute to the desertification in Turkey due to the lack of
implementation of social, economic and legal regulations, are:
unclear distribution of land ownership and high number of small
enterprises; insufficient initiatives for collective land; taking no
precautions for land that is leased or used for share cropping;
lack of awareness of soil protection and education; lack of
regulatory laws for the use and protection of soil and water; lack of
restructuring of legal and administrative regulations, lack of
necessary legislation, lack of sufficient legislative practices, or
coordination between regulations; and rural poverty and
migration(Anonymous, 2013).

International studies have attempted to determine the
effects of desertification. Potential desertification variables are
determined by evaluating the impact of possible environmental
effects (NUfez et al., 2010). As the quality of the areas useis
affected by many complicated factors, several suggestions
recommend the separation of the different ecosystems, using a
variety of indicators (Heijungs et al. 1992; Steen and Ryding
1993; Blonk et al. 1997; Cowell and Clift 2000; Mattsson et al.
2000).These approaches enable a variety of technical indicators
to be determined for the identification of potential desertification.

With regard to the quality of the land use and land
degradation, itis more necessary to consider the developmental
of activities rather than the characteristics of the land (Guinée et
al., 2001; Mattsson et al., 2000; Milai Canals et al,. 2007).This
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Fig. 1: Study area

emphasizes the importance of human activity and
consequently, the need to consider the effects of human
activities on desertification. In addition to the various
ecosystems, it can be seen that the socio-economic structure
has animpact on the use of both land and soil quality. Therefore,
in addition to technical reasons, the socio-economic reasons
that lead to desertification are also a part of this study.
Desertification indicators are organized according to the three
dimensions of sustainable development. These are:
environment (biophysical areas), economy and social structure
(MIMAM, 2006).Worldwide, one of the main factors leading to
desertification, which affects ecosystem functions and
structures, are forest fires. An example of a study, which aims to
categorize desertification and erosion sensitivity, only takes into
consideration the technical reasons(Cosgunand Aydin,
2008).Activities to prevent desertification and erosion are labor-
intensive and require resources. Hence, the rational use of

resources is necessary to prevent erosion and desertification. In
order to use resources rationally, the erosion and desertification
sensitive areas should be identified and prioritizedin terms of
planning and investment.

The scope of the study is the province of Antalya and its
districts (Figure 1). The aim of the study is to provide prioritization
for the areas, according to technical and socio-economic factors
thatlead to erosion and desertification.

Materials and Methods

The materials of the study comprise several socio-
economic indicators that focus on the technical and human
factors leading to erosion in the districts of Antalya (Table 1). The
technical and socio-economic materials were analyzed using
multiple quantitative analyses, principle component analysis,
factor analysis and cluster analysis methods.
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Table 1: Socio-economic and erosion and desertification indicators

Variables Variable numbers
Socio and economic indicators 28

Areas Indicators 7

Desertification and Erosion Indicators 22

Total 57

A number of socio-economic indicators were determined
for this study based on Development Ranking of Provinces and
Districts in Turkey. Local indicators reflecting forest villages were
added to these indicators. In addition to indicators, such as
population (population density, average household size,
population growth rate and urbanization rate), education (literacy,
percentage of primary school, secondary school and university
graduates and female literacy rate) and employment
(unemployment rate, and the proportion of the population working
in various sectors), indicators that may lead to desertification and
erosion that may arise from activities in forest areas were also
included. Evasion of forest crimes, illegal logging and existing
average burning forest assets (10-year average value) constitute
some of these indicators (FAO, 2006). Indicators, such as existing
marginal dry farming areas, grazing intensity in the district,
livestock assets per household, existing damaged forest areas,
dry and irrigated absolute farming areas and pasturing areas,
were included in the assessment, as natural cause indicators that
may resultin desertification and erosion. The indicators relating to
technical reasonsthat were included in the study include: soil
depth status of the land, the amount of land with water erosion of
varying severity, sloping land of varying degrees andvalues of
land area according tousage types.

Results and Discussion

Factors that have an impact on Desertification and
Erosion: A total of 57 indicators that have an impact on
desertification and erosion at the district level for the province of
Antalya were identified. The factors that may be effect on
desertification and erosion were compiled into five groups
(Table 2).

The Slope Factor group consists of the Amount of High
Level Slope Land of Districts and Amount of Medium Level Slope
Land of Districts indicators (Table 2).The second factor group,
i.e.,Demographic Factor group comprises the indicators for
Population Density and the Population of Districts and the
Amount of V, Grade Land of Districts indicators, used for grading
the use of the land. The quantity of old and Barren Land in the
Districts indicator is a standalone factor. In the third factor group,
referred to as the Factor for the Existence of Old and Barren Land.
The Rate of Dependency of Population and Average Household
Size indicators make up the fourth factor group, viz. Social
development factor the rate of population dependency, one of the
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indicators for the level of development of a country or their
provinces, is defined as the number of unemployed people (aged
0-14 and 65+) of a country, who are dependent for every 100
employed people (aged 15-65) (Zaim, 1992). The fifth factor
group the Desertification Factor comprises the Amount of VI.
Grade Land of Districts indicator with the land use grading and the
Amount of Steep Slope Land of Districts indicators, together with
the Amount of Burnt Forest Land indicators. The indicators in this
group include the indicators to be considered for land
desertification (MIMAM, 2005).

Categorisation of Districts According to Desertification and
Erosion Indicators : A cluster analysis was used to determine
the priority districts of Antalya, where desertification and erosion
prevention studies would be conducted with the support of the
natural, technical and socio-economic indicators which are
effective on desertification and erosion. The 57 indicators
identified by the study were used in the cluster analysis.

To assess the indicators effective on desertification and
erosion, by means of the cluster analysis, the districts of Antalya
were divided into four groups. One group included the districts of
Gazipasa, Kumluca, Finike and Giindogmus; another included
Elmali and Serik; a third comprised Kas, Manavgat and Korkuteli
and the last group comprised the central district of Antalya (Fig.
2).

Many indicators are used to determine desertification and
erosion (NUfiez et al., 2010), and inevitably take into
consideration human activities. In Turkey, the first ranked factor
leading to damage of land is the human factor. The damage is
natural environment due to human activity quickly leads to
erosion and desertification. It is possible to rehabilitate these
areas with good planning and efficient and effective use of
resources. Land use conversion can affect natural ecological
processes such as surface run off and erosion. Therefore, it has
potential to change soil stability (Korkang et al, 2008). The
rehabilitation of the areas that are facing the threat of
desertification and erosionis labor-intensive and requires a
significant investment of funds in Turkey, Reforestation and
erosion management is one of the activities conducted within this
scope; however, it cannot be said that sufficient funds are
allocated for this. Therefore, it is necessary to prioritize areas in
which the activities should be carried out. There are areas in
districts of Antalya that require action for combating
desertification and erosion prevention. However, it has not yet
been determined which of these actions should be taken, and in
which areas. The decisions for these actions, which are
implemented by the General Directorate of Forestry, are taken
centrally after getting opinions at the local level but priorities have
not yet been determined. Hence the current study is of particular
significance, as it will provide guidance to the decisions makers at
the local level, the General Directorate of Forestry and the
General Directorate of Combating Desertification and Erosion.
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Table 2: Factors groups for socio-economic and desertification and erosion indicators
Variables Factors
1 2 3 4 5
CKDIKEGM: (Amount of High Level Slope Land of Districts) 0.892
ORTEGM: (Amount of Medium Level Slope Land of Districts) 0.886
NUFYOGNL: (Population Density) 0.960
VSNFARZ: (Amount of V. Grade Land of Districts) 0.951
NUFUS: (Population of Districts) 0.939
YASQORK: (Amount of Old and Barren Lands of Districts) 0.925
BAGYMLY: (Rate of Dependency of Population) 0.963
ORTHANE: (Average Household Size) 0.874
VISNFARZ: (Amount of VI Grade Land of Districts) 0.952
DIKEGM: (Amount of Steep Slope Land of Districts) 0.925
YNGNALNORT: (Amount of Burnt Forest Land) 0.895
0 5 10 15 20 25
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Fig. 2 : Cluster analysis for districts of Antalya

Meanwhile, there are national and international projects that are
being implemented with the objective of combating desertification
and erosion.

Some national projects, which have been or are being
implemented in Turkey are:i) Ankara-EsrefAkinci Barracks
Erosion Control Project, ii) Ankara-Gokgeyurt Erosion Training
Project, iii) Corum Camda§ Tek¢am Multi-Purpose
Implementation Project, iv) Elazig Agin Erosion Control Project,
v) Elazig Keban Agin Dam Reservoir Basin Erosion Control
Project, vi) Tokat ResadiyeMulti-Purpose Implementation
Project, Examples of international projects are: i) Anatolian Water
Basin Rehabilitation Project, ii) Coruh River Basin Joint Basin
Rehabilitation Project, iii) Eastern Anatolian Water Basin
Rehabilitation Project, iv) Capacity Building for Sustainable

Management of Mountain Watersheds of Central Asia and
Caucasus, v) Middle East Watershed Monitoring and
Assessment Project. Examples of completed or continuing
projects of the General Directorate of Forestry: i) Coruh River
Basin Rehabilitation Project, ii) Murat Basin Rehabilitation
Project, and iii) Anatolian Water Basin Rehabilitation Project
(Anonymous, 2016/a; 2016/b).

Inthese projects there are no indicators concerning which
areas are of priority for the activities. For example, the basis of
planning for the Murat Basin Rehabilitation Project is made on
micro-watersheds. Implementation of these micro-watershed
plans will be carried out at a later stage.This international project
does not have any indicators for planning the priority micro-
watersheds, or planning to indicate which micro-watershed
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activity should start first. The plans for some micro watersheds to
be implemented under the project should be queried, as to
whetherthere is a real need for the planning. One such example is
the Buiyiikdere Micro Watershed plan activity.

In this study, 57 natural, socio-economic and technical
indicators, which were thought to be effective for combating
desertification and erosion and can be obtained at the regional
level, were can be seen that determining the impact of
desertification is at least as important as determining priority
areas of desertification and erosion (Nufiez et al, 2010;
Montserrat, 2010; Civit, 2009). A variety of techniques is used to
evaluate the effects of desertification By using technical and
socio-economic related factors, the priority areas in which to carry
out these actions will be identified by establishing the areas higly
affected by desertification. The ecological and social
characterizes of arid and semi-arid land as socio economic
famine, may lead to following; lack of food and nutrition, water
deficiencies in settlement areas and agriculture; famine and
death; unplanned increase of population; external debt and
current account deficit (balance of payments); lack of raw
materials and water in industry (Goérict, 2011). When the
problems arising from the socio-economic needs are
ascertained, it can be seen that determining the impact of
desertification is at least as important as determining priority
areas of desertification and erosion. The technical and socio-
economic indicators established by this study, have resulted in
the identification of factors that can be used to select the priority
areas. These factors are as follows: Slope factor; Demographic
Factor; Existence of Old and Barren Land Factor; Social
Development Factor; Desertification Factor.

With the support of these factors, the measures to be
taken for combating desertification and erosion can be prioritized
in other areas nationwide (with the support of variables
comprising these factors). Planning and implementation activities
can be carried out according to order of priority. In this way,
available limited financial resources can be used judiciously.

Based on the districts of Antalya, Gazipasa, Kumluca,
Finike and Glindogmus districts are placed in one group within
the scope of the study, in order to prioritize the areas of activity for
combating desertification and erosion. The districts of Elmali and
Serikare placed in another group, while the districts of Kas,
Manavgat and Korkuteliare in yet another group. The Central
District of Antalya comprisea group of its own. These groups
should be taken into consideration when implementing activities
for the rational use of resources.
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