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Introduction: Monitoring LULC changes is crucial for developing strategies for 
natural resource management, assessing the current potential of a region, and 
addressing global environmental issues. In this context, this study examines land 
use and land cover (LULC) changes in forest and non-forest areas of Anamur 
district, located in the Mediterranean Region of Türkiye, between 2000 and 2020.

Methods: Using the intensity analysis method, which offers a detailed and 
efficient approach to understanding LULC changes, the study analyzes transitions 
at interval, category, and transition levels. LULC maps were generated through 
supervised classification of Landsat satellite images, focusing on seven classes: 
Coniferous, Broad-Leaved, Mixed, Treeless Gap, Settlement, Agriculture, and 
Water. The analysis evaluated changes within and between these categories, 
interpreting the results through graphical outputs. The driving forces behind 
these changes were also explored, and their underlying causes were discussed.

Results and Discussion: Results at the interval level revealed that the most 
significant changes occurred during the 2000-2010 period. At the category 
level, the Coniferous category exhibited the highest degree of change in 
both intervals. During 2000-2010, Coniferous gains predominantly replaced 
non-forest areas (Agriculture, Settlement, and Water), while this pattern was 
less evident in 2010-2020. In contrast, Treeless Gap gains primarily replaced 
Coniferous areas during 2010-2020, while no significant losses in Treeless 
Gap were targeted by other categories. Broad-Leaved species were found to 
heavily target Water losses, likely due to their higher water demands compared 
to Coniferous species, as supported by prior studies. This research highlights 
the advantages of intensity analysis in LULC studies, offering insights into 
spatial changes and their intensity across categories. It aims to promote its 
adoption and underscores the importance of targeted conservation and land 
management strategies to mitigate the impacts of forest loss, land use changes, 
and water resource pressures.
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1 Introduction

Environmental problems, especially global warming, have reached 
a level that threatens all living things. Their effects are now felt 
intensely all over the world. Land use and land cover (LULC) changes, 
which are caused by the mutual interaction of natural processes and 
human impact (Dewan and Yamaguchi, 2009; Halmy et al., 2015; 
Zheng et al., 2015; Karimi et al., 2018; Jasim, 2025), represent one of 
the most current and threatening problems (Agarwal et al., 2002; 
Zadbagher et al., 2018). LULC changes have proven to be the main 
force for driving environmental changes (Verburg et al., 2015; Ren 
et al., 2019; Kaptan, 2021). The studies carried out by many researchers 
from different disciplines show that LULC changes are associated with 
environment and ecology (Weng, 2001; Hassan et al., 2016; Twisa and 
Buchroithner, 2019), climate (Tasser et al., 2017; Garg et al., 2019; 
Gogoi et al., 2019; Bozdogan Sert et al., 2021; Aksoy et al., 2022), 
biodiversity (Bailey et al., 2016; Marshall et al., 2018; Verstegen et al., 
2019; Jung et al., 2020), and they directly or indirectly affect water 
supply and quality (Patra et al., 2018; Wu et al., 2018; de Mello et al., 
2020; Ayek and Zerouali, 2025; Ameen et al., 2025), therefore, revealed 
that it is key in terms of various applications such as agriculture, 
forestry, hydrology, geology and ecology (Weng, 2001; Hassan et al., 
2016; Twisa and Buchroithner, 2019).

In recent years, LULC changes have become one of the most 
important research topics, especially in the fields of forestry, landscape 
planning and climate change adaptation and mitigation (Turner et al., 
1994; Watson et al., 2000; Doaemo et al., 2020; Bozdogan Sert et al., 
2021; Aksoy et al., 2022; Siddika and Sresto, 2025). Monitoring LULC 
changes and processes is very significant in terms of determining 
strategies and policies for natural resource management [Sinha et al., 
2015; Organisation for Economic Co-operation and Development 
(OECD), 2018], providing various information about the current 
potential of a particular region and global environmental problems 
(Mialhe et al., 2015; Martins et al., 2016; Nasiri et al., 2019; Keçecioğlu 
Dağlı and Cengiz, 2022). Especially considering the climate changes 
in recent years, more consistent data are required about the intensity 
and causes of LULC changes to develop policies to be obeyed within 
the scope of combating climate change (Kale et al., 2016; Aksoy and 
Kaptan, 2021; Bozdogan Sert et al., 2021; Aksoy et al., 2022). For this 
reason, many researchers from different disciplines have focused on 
revealing the causes and consequences of land use changes, and 
investigating their possible location and extension in the coming years 
(Verburg et al., 2004; Aksoy and Kaptan, 2020; Bozdogan Sert et al., 
2021; Keçecioğlu Dağlı, 2021; Aksoy et al., 2022).

Today, it is known that 50% of the earth’s surface has changed due 
to direct human use such as agriculture, grazing, forestry, 
industrialization, urban development and transportation (Zadbagher, 
2017; Keçecioğlu Dağlı and Cengiz, 2022). Forest areas are an issue 
that should be considered and evaluated separately among land cover 
types, as they have the feature of naturally offering various products 
and ecosystem services such as carbon storage, regulation of air, water, 
and climate regime. Changes in forest areas with multiple functions 
have economic, ecological, and socio-cultural effects on local, regional 
and global scales. The effects of the changes in forest areas have been 
experienced for many years, and hence considering the forest 
dynamics, it is necessary to spend many years and intense effort for its 
compensation and mitigation. Therefore, there is a constant need to 
understand the driving forces that cause the long-term development 

and progress of changes in forest areas (Käyhkö et al., 2011; Girma and 
Hassan, 2014).

Remote sensing (RS) and geographic information systems (GIS) 
are the two most effective tools that are widely used (Chowdhury 
et  al., 2020) in the detection and monitoring of continuous and 
dynamic LULC changes (Vivekananda et  al., 2021). RS and GIS 
procedures provide significant advantages in terms of labor, time, and 
economy compared to traditional methods. Satellite images are used 
as a base for data generation in general research on LULC change. 
Many studies use Landsat satellite images to define and report LULC 
due to their advantages, such as a large data archive, free access, and 
ease of use. Kolios and Stylios (2013) in Preveza peninsula, Greece, 
Islam et al. (2016) in coastal areas of Bangladesh, Halmy et al. (2015) 
in the northwestern coastal desert of Egypt, Zoungrana et al. (2015) 
in the Black Volta basin of Burkina Faso, Huang et al. (2017) in the 
Beijing region of China, Aslami and Ghorbani (2018) in the province 
of Erbil in northwest of Iran, Obodai et al. (2019) in the Ankobra 
River basin of Ghana, Alam et al. (2020) in the Kashmir Valley of 
India, Doyle et al. (2021) in Belize, located in the northeast of Central 
America, Piao et al. (2023) in the Pyongyang Region of North Korea 
used Landsat satellite images in their studies.

To evaluate and report the LULC changes of an area, it is necessary 
to superimpose and overlay maps of different time points and create 
land change matrix tables. However, the direct interpretation of the 
data given by these tables is insufficient to explain the change processes 
and their causes (Huang et  al., 2012; Kaptan, 2021). Aldwaik and 
Pontius (2012) developed intensity analysis consisting of three levels; 
the “Interval Level,” the “Category Level,” and the “Transition Level,” 
to interpret the processes and causes of changes between existing land 
categories. Intensity analysis has attracted the attention of many 
researchers working on LULC changes like John et al. (2014), Zhou 
et al. (2014), Yang et al. (2017), Huang et al. (2018), Anteneh et al. 
(2018), Shoyama et al. (2018), Kourosh Niya et al. (2019), Varga et al. 
(2019), Ekumah et al. (2020), Feng et al. (2020), Nyamekye et al. (2020).

This study explores the changes in forest and non-forest areas in 
the Anamur district, located along Türkiye’s Mediterranean coast, over 
two time periods: 2000–2010 and 2010–2020. Using the intensity 
analysis method, the research examines land use and land cover 
(LULC) changes across seven main categories: Coniferous, Broad-
Leaved, Mixed, Treeless Gap, Settlement, Agriculture, and Water. The 
main goal is to understand how these categories have changed over 
time and the extent of transitions between them. The results are 
presented through visual graphs, offering insights into key processes 
such as forest loss, land use changes, and pressures on resources. By 
identifying these patterns and their driving forces, the study aims to 
contribute to more effective conservation efforts and land management 
strategies that can help protect forests and ecosystems.

2 Study area

The city of Anamur, within the borders of Mersin Province, located 
in the Mediterranean Region, at the southern tip of Türkiye, was chosen 
as the study area. According to the Regional Growth National Strategies, 
Mersin is defined as a potential metropolitan city that can be  an 
alternative to İstanbul, Ankara, and İzmir in Türkiye (Göksel and Bektaş 
Balçık, 2019). According to the EU’s regional growth systematic NUTS 
(The Nomenclature of Territorial Units for Statistics), the study area in 
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the TR62 sub-region was preferred since it has been in a rapidly 
developing location along the last thirty years due to the industries, 
urbanization, and tourism. The study area is geographically located 
between 36° 00′ 56″–36° 30′ 00″ northern latitudes and 32° 32′ 06″–32° 
56′ 50″ eastern longitudes (Figure  1). Anamur District within the 
borders of the metropolitan municipality, is located in the westernmost 
part of Mersin (Mersin Governorship, 2024a). Since the branches of the 
Middle Taurus Mountains spreading toward the Mediterranean Sea pass 
through the territory of the district, the land is rugged and mountainous. 
At 5–10 km inland from the coast, mountains with heights of 500–1,000–
1,500 meters are encountered. Forests, which contribute greatly to the 
economy of the district, constitute 60% of the district’s surface area. The 
climate of the district is characteristically Mediterranean, with hot and 
dry summers and, mild and rainy winters. The total annual precipitation 
is 1,032 m3 and the average number of rainy days is 75 days (Anamur 
District Governorship, 2024). It also has a microclimate where 
subtropical plants and fruits can be  grown (Mersin Governorship, 
2024a). When the soil groups in the Anamur Stream Basin are analyzed, 
it is seen that the most prevalent soils under forest cover are 
non-calcareous brown soils. Under the influence of coniferous forests, 
brown soils rich in organic matter are common within these regions. 
Anamur Plain is completely covered with alluvial soils and reddish 
brown soil types, which are prominent in the areas where vegetation 
cover is damaged around the plain (Sunkar and Uysal, 2014).

Approximately 63% of the area is forested and 37% is a bare area. 
While a single tree species is dominant in about 56% of the forest area, 
coniferous and broad-leaved species form a mixed forest at the 7%. 

Although Pinus brutia Ten. generally forms pure forests at 100–1000 m 
intervals from the Mediterranean coast, it is found together with maquis 
species in damaged areas. Almost all of the areas where the destruction 
is very high have turned into maquis formations. Species such as Pinus 
nigra Arn., Abies cilicia Carr., Cedrus libani A. Rich. spread after 1,000 m. 
After 1,600 m, Cedrus libani A. Rich. and Juniperus excelsa M. Bieb., and 
Abies cilicia Carr. communities are seen in places. Among the maquis 
community, which is referred to as the Mediterranean vegetation, 
Quercus coccifera L., Olea europaea L., Laurus nobilis L., Arbutus 
andrachne L., Cistus salviifolius L., Nerium oleander L., Cercis siliquastrum 
L., Ceratonia siliqua L., Styrax officinalis L., Myrtus communis L., and 
Pistacia terebinthus L. are the major tree and shrub species (Şen, 2019).

According to the population census of 2023, a total of 66,940 
people live in the area (TUIK, 2023). While the people living in the 
highland and mountain villages in the rural areas generally earn their 
living from forestry practices, those living in flat and near-flat areas 
earn their living from greenhouse cultivation, primarily through 
banana and strawberry cultivation.

3 Materials and methods

In the study, Landsat satellite images of the years 2000, 2010, and 
2020 were downloaded to produce the land change matrix tables 
from which the data required for the intensity analysis were taken. It 
was obtained from the United States Geological Survey [United States 
Geological Survey (USGS), 2021]. Satellite images were classified 

FIGURE 1

Geographical location of the study area.
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using the supervised classification method in ENVI 5.3 by referring 
to the forest cover type maps of the area. Images of each classified 
year were superimposed with the ArcGIS 10.8 “Intersect” command 
to obtain LULC change maps for the years 2000–2010 and 2010–
2020. Referring to the stand types information in the attribute tables 
of these maps, the area values given in m2 for each LULC category 
were converted to hectares (ha) and area calculations were made and 
area calculations for each LULC category were carried out in hectares. 
With the data in the attribute tables, land change matrix tables were 
produced showing the changes experienced for each category. 
Intensity analysis was performed and interpreted using the values 
obtained from the change matrix tables (Figure 2).

3.1 Satellite images and supervised 
classification

In this study, Landsat-7 ETM+ (Enhanced Thematic Mapper Plus) 
and Landsat-8 OLI/TIRS (Operational Land Imager/Thermal Infrared 
Sensor) satellite images downloaded from the USGS web address were 
referred for the production of land cover and use maps for the years 
2000, 2010 and 2020 (Table 1).

The satellite images were classified using supervised classification 
with Maximum Likelihood Classifier (MLC) in ENVI 5.3, Post-
classification accuracy control was performed with the error matrix 
method based on reference pixels. In creating the error matrix, user 
accuracy, producer accuracy and overall accuracy are determined. On 
the other hand, to increase the accuracy of the classification process, 
satellite images were taken for the same season, and when the low 
cloudiness (<10%) were preferred.

Traditional methods for accuracy assessment encompass the 
standard kappa coefficient (Equation 1), overall accuracy (Equation 2), 
producer’s accuracy (Equation 3), and user’s accuracy (Equation 4). 
Overall accuracy quantifies the proportion of correctly classified pixels 
within the analyzed image. User’s accuracy evaluates the proportion 
of pixels assigned to a specific class but actually belonging to another, 
whereas producer’s accuracy assesses the proportion of pixels correctly 
classified as belonging to their actual class. These metrics address 
commission and omission errors in image classification. The kappa 
coefficient was derived using the Equation 1 (Petropoulos et al., 2015; 
Verma et al., 2020):

Kappa coefficient:
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Here, r represents the number of rows in the matrix, X denotes the 
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Here, nii indicates the number of pixels that are correctly 
classified, N is the total pixel count, r denotes the number of rows, 
and nicol and nirow refer to the totals for the columns and rows, 
respectively.

For the supervised classification, stand types maps of 2000, 2010, 
and 2020 obtained from the General Directorate of Forestry (GDF) 
were used as reference. Land use and cover maps were arranged to 
include a total of 7 categories: Coniferous, Broad-Leaved, Mixed, 
Treeless Gap, Settlement, Agriculture, and Water.

To best distinguish and classify land categories from each other, 
Landsat 7 ETM+ images are red (band 5), green (band 4), and blue 
(band 3), respectively; in the 2020 Landsat 8 OLI image, red (band 6), 
green (band 5) and blue (band 4) bands were used. After the composite 
band raster images were clipped dependent upon the study area, Pan 
Sharpening and atmospheric correction processes were applied with 
1% standard deviation correction to increase the image quality of the 
images belonging to each year.

3.2 Mapping and detection of LULC 
changes

To examine LULC, the areas were first divided into two main 
categories: forest areas and non-forest areas. Forest areas were further 
classified into Coniferous, Broad-Leaved, Mixed, and Treeless Gap. 
Non-forest areas were divided into Settlement, Agriculture, and Water. 
In total, 7 different land categories were created (Table 2). The LULC 
maps required to examine the changes in time intervals (2000–2010 
and 2010–2020), were produced and recorded using the “Intersect” 
command in ArcGIS 10.8 of two maps of the start time point and the 
last time point. With the data obtained from these maps, land change 
matrix tables were created showing the changes between the categories 
in the Microsoft Excel.

3.3 Intensity analysis

Intensity analysis helps to interpret the calculation results using 
the data in the land change matrix tables, graphically and 
mathematically. Intensity analysis gives the results of the size and 
intensity of the transitions between the categories in a hierarchical 
approach at three different levels: time interval, category, and 
transition level (Figure  2). The analysis works with the logic of 
comparing the intensity of changes between categories with the 
uniform intensity, which refers to the situation when the intensity of 
the changes occurred across the categories, is evenly distributed across 
the spatial and temporal extents (Aldwaik and Pontius, 2012; Anteneh 
et al., 2018).
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FIGURE 2

The flowchart of the study.
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Intensity analysis was performed using Microsoft Excel 2007. The 
workbook, created by Safaa Zakaria Aldwaik in 2009, was updated 
several times, including modifications in 2011 and 2013. In 2014, 
Zhilan Deng and Dansheng Liang corrected errors related to the 
division by zero errors. For a better comprehension and replication of 
this method for future researchers, it is important to note that the 
software used for these computations is Microsoft Excel (Pontius, 2024).

The time interval shows in which time intervals the overall 
annual rate of change is faster or slower by comparing the overall 
annual rate of change (the size and rate of change (St) to the uniform 
rate of change (U) for each period) (Tang et al., 2020) For the interval 
level analysis, the observed annual variation intensity (St) is 
calculated according to Equation 5, and the uniform annual variation 
rate (U) is calculated according to Equation 6 (Aldwaik and Pontius, 
2012; Aldwaik and Pontius, 2013). If the rate of change (St) is below 
the uniform rate of change (U), the change is slow, and above it, the 
change is fast.
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where J = a number of categories; i = index for a category at an 
initial time; j = index for a category at a subsequent time; T = number 
of time points; t = index for a time point, which ranges from 1 to 
T − 1; Yt = year at time point t; Ctij = number of pixels that transition 
from category i at time Yt to category j at time Yt + 1.

Category level examines the variation in the size and intensity of the 
gross gains (Equation 7) and gross losses (Equation 8) of each category 
in each time interval (Huang et al., 2012). The analysis compares the 
annual gain intensity (Gtj) and loss intensity (Lti) of each category with 
the annual variation intensity (St) calculated according to Equation 1 for 
the relevant period. If Gtj > S, category j is active in terms of gain, while 
category j is dormant in terms of gain if Gtj < S. The same interpretation 

TABLE 1 Landsat satellite data and band (image) features [United States Geological Survey (USGS), 2021].

Satellite Date acquired Path Row Spectral range Wavelength range 
(μm)

Spatial 
resolution (m)

Landsat 7 ETM+ 04.07.2000

13.05.2010

177 35 Band 1 0.45–0.51 30

Band 2 0.53–0.61 30

Band 3 0.63–0.69 30

Band 4 0.75–0.90 30

Band 5 1.55–1.75 30

Band 6 10.4–12.5 30

Band 7 1.09–2.35 30

Band 8 0.52–0.90 15

Landsat 8 OLI/TIRS 16.08.2020 178 31 Band 1 0.43–0.45 30

Band 2 0.45–0.51 30

Band 3 0.53–0.59 30

Band 4 0.64–0.67 30

Band 5 0.85–0.88 30

Band 6 1.57–1.65 30

Band 7 2.11–2.29 30

Band 8 0.50–0.68 15

TABLE 2 Description of land use and land cover (LULC) change classes 
used in the study.

Class LULC 
category

Description

Forest Coniferous The forest area consisting of trees species 

of coniferous

Broad-leaved The forest area consisting of trees species 

of broad-leaved

Mixed The forest area consisting of trees species 

of broad-leaved and coniferous

Treeless Gap State-owned forest with no trees

Non-forest Settlement Settlement area

Agriculture Agriculture area

Water Stream, river, lake, dam
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applies to the loss intensity. If Ltj > S, category i is interpreted as an active 
loser, and if Lti < S, category i is interpreted as a dormant loser.
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The transition level examines how the loss and gain intensities of 
each category change between the relevant categories for each time 
interval (Aldwaik and Pontius, 2013). Considering the gross gain of 
category “n,” it is determined according to Equations 9, 10 whether the 
gain of category n targets the losses of each other category subject to 
the transition during the time interval. Equation 9 gives the annual 
transition intensity (Rtin) observed from category “” to the category “n” 
during the time interval (Yt, Yt + 1) according to the dimension (Yt) at 
the beginning of the time interval of category i. Equation 10 gives the 
annual uniform transition intensity (Wtn), which represents the 
situation when category “n” is assumed to gain evenly across the entire 
landscape in the time interval (Yt, Yt + 1). If Rtin > Wtn, category i’s losses 
in time interval t are targeted by category “n” gains, while if Rtin < Wtn, 
category “n” gains avoid targeting category i’s losses (Kaptan, 2021).
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4 Results

4.1 Supervised classification and accuracy 
assessment

The land use maps were created using 7 basic categories: Coniferous, 
Broad-Leaved, Mixed, Treeless Gap, Settlement, Agriculture, and Water. 
These categories were classified based on the stand type maps of the 
study years under a supervised classification process. The resulting maps 
are shown in Figure 3, while the error matrix and accuracy index values 
for the classification process are presented in Table 3. In addition, the 
areal values of the LULC categories according to the 2020 forest cover 
type map, which was used as a reference for the classification, and the 
map of the year 2020 produced after the classification, were compared 
as in Figure 4. When Table 3 is examined, it is seen that the control pixel 
numbers of each class and the area (ha) values are almost directly 
proportional. Among the classes, it is seen that in all three periods, the 
water class was classified with the least number of reference pixels, with 
6,286 pixels in 2000.

Overall accuracy for the years 2000-2010-2020 are 80.558, 91.707 
and 92.068%, respectively, while, Kappa coefficients for the years 
2000-2010-2020 are 0.73, 0.87 and 0.88, respectively, (Table  3). 
Producer’s accuracy is over 72% in all classes for all three periods. 
Statistically, it shows that the accuracy of the supervised classification 
and the ability to represent the study area is high.

When the classification results of 2010 are examined; it was 
determined that the overall accuracy rate was 91.707% and the Kappa 
coefficient was 0.87. Producer’s accuracy is over 85% in all classes, and 
the “Agriculture” class has the highest producer accuracy at 94.92%. 
When the classification accuracy values of 2020 were examined, the 
general accuracy rate was calculated as 92.068% and the Kappa 
coefficient was calculated as 0.88 (Table 3).

4.2 Changes in LULC

The land transition matrix of the 2000–2010 and 2010–2020 time 
periods, which was produced by the overlaying the maps produced 
after supervised classification and forming the input data of the 
intensity analysis, is given in Table 4. The table shows the changes 
between categories and the amount of loss, gain, and absolute net 
change for each period. According to the table, the categories with the 
widest distribution area in 2000, 2010, and 2020 are Coniferous and 
Treeless Gap in the forest areas, while the narrowest distribution area 
is the Water category in the non-forest areas.

The 40% (19,130 ha) decrease during the 20 years from the start time 
point to the last time point of the study, is associated with the Coniferous 
(31%) and Mixed (66%) areas. In both time intervals, there was an 
increase in the Broad-Leaved and Treeless Gap categories, while a net 
decrease in the Settlement and Agriculture categories in the first time 
interval and a net increase in the second time interval. Water, on the 
other hand, experienced a net decrease in both time intervals (Figure 5).

4.3 Intensity analysis

4.3.1 Interval level
The rate and intensity of land change in the study area in the 

2000–2010 and 2010–2020 time intervals, the total amount of land use 
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change in each period, annual change intensity, and the intensity of 
change in all periods are shown in Figure 6.

Each of the bars on the right of the central axis of the graph 
indicates the intensity of the changes observed for the relevant time 
interval, and those on the left indicate the percentage of change level. 
The fact that the bar for the 2010–2020 period on the right of the 
graph (annual change rate 4.37%) ends before the uniform intensity 
line (4.70%) indicates that the land use change is slow, and the bar for 
the 2000–2010 period on the right of the graph extends beyond the 
uniform intensity line (5.03%), indicates that land use change was 
rapid for this period. If annual changes in categories were constant 
over the entire temporal extent, both bars extending to the right would 
be above the uniform line.

4.3.2 Category level
The category level of the intensity analysis gives the area changes 

and change intensities of the annual gross gains and gross losses 
experienced in each category for each period. The results of the 
category level experienced in the study area at time intervals are 
shown in Figure 7. The left side of the graph only shows the annual 
spatial variation of observed gains and losses, while the right side 
contains detailed information on the intensity of change of gains and 
losses for each category.

The gain and loss intensity of each category is compared to the 
uniform line, which represents the situation when the overall 
intensity of change is evenly distributed over the entire study area. 
According to this; if the bar for a category extends to the right of the 

uniform line, it means that the intensity of gain or loss for that 
category is active (more intense than the overall study area), if it ends 
before the uniform line, it is dormant (less intense than the overall 
study area).

According to the results of the analysis, Coniferous in the 
forest class was the category that experienced the most change in 
both periods. While it is dormant in terms of gain in the first time 
interval, the loss of the Coniferous category, which is active in 
terms of loss and gain in the second time interval, is more intense 
than the gain. Broad-Leaved and Mixed are active in both time 
intervals in terms of losses and gains. While the Broad-Leaved 
category is experienced a heavy gainer in both time intervals, the 
Mixed category was a heavy loser. The Treeless Gap in the forest is 
dormant in both time intervals.

The loss intensities of the categories in the non-forest area class 
are greater than the gain intensities in both time intervals. The 
settlement, which is active in the first time interval in terms of loss and 
gain, is completely dormant in the second time interval (Li et al., 
2016). Agriculture, which is active in terms of loss and gain, is only 
active in terms of gain intensity in the second time interval. Although 
Water is active in terms of gain in both time periods, the loss intensity 
is higher than the gain.

4.3.3 Transition level intensity analysis
The results of the transition level analysis showing which 

categories’ gains target the losses of each category are given in Figure 8 
as graphics. The left side of each graph shows the size of the annual 

FIGURE 3

Land use and cover maps produced after supervised classification (2000, 2010, and 2020).
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TABLE 3 Accuracy and error matrix values of supervised classified images.

2000 Coniferous 
forest

Broad-
leaved 
forest

Mixed 
forest

Treeless 
gap

Settlement 
area

Agriculture Water Total User’s 
accuracy 

(%)

Coniferous forest 51,395 379 1830 521 848 212 226 55,411 92.75

Broad-leaved forest 2,761 4,555 913 15 862 127 103 9,336 48.79

Mixed forest 9,796 492 16,011 1 75 8 37 26,420 60.6

Treeless gap 1,153 1 25 67,748 1,079 783 112 70,901 95.55

Settlement area 1722 84 18 2,425 8,909 401 143 13,702 65.02

Agriculture 1954 123 304 3,277 1,064 4,980 146 11,848 42.03

Water 2042 80 68 470 791 227 2,608 6,286 41.49

Total 70,823 5,714 19,169 74,457 13,628 6,738 3,375 193,904 -

Producer’s accuracy 

(%)

72.57 79.72 83.53 90.99 65.37 73.91 77.27 - -

Overall 

accuracy = 80.558%

Kappa coefficient: 0.73

2010 Coniferous 
forest

Broad-
leaved 
forest

Mixed 
forest

Treeless 
gap

Settlement 
area

Agriculture Water Total User’s 
accuracy 

(%)

Coniferous forest 138,915 1,647 6,606 26,069 1950 18 406 175,611 79.1

Broad-leaved forest 6,274 36,327 2,104 7 371 38 617 45,738 79.42

Mixed forest 3,818 1,123 72,750 0 4 0 51 77,746 93.57

Treeless gap 7,676 156 50 536,995 541 201 2 545,621 98.42

Settlement area 155 341 30 2,768 60,382 990 401 65,067 92.8

Agriculture 210 468 540 10,857 1,039 41,547 1,247 55,908 74.31

Water 162 630 286 5 721 977 15,051 17,832 84.4

Total 157,210 40,692 82,366 576,701 65,008 43,771 17,775 983,523

Producer’s accuracy 

(%)

88.36 89.27 88.33 93.11 92.88 94.92 84.68

Overall 

accuracy = 91.707%

Kappa coefficient: 0.87

2020 Coniferous 
forest

Broad-
leaved 
forest

Mixed 
forest

Treeless 
gap

Settlement 
area

Agriculture Water Total User’s 
accuracy 

(%)

Coniferous forest 129,448 2066 2,409 7,274 0 1,623 33 142,853 90.62

Broad-leaved forest 2,539 53,522 4,290 645 353 5,434 29 66,812 80.11

Mixed forest 1,272 1,002 32,026 0 0 45 0 34,345 93.25

Treeless gap 9,331 178 35 547,615 740 103 229 558,231 98.1

Settlement area 297 219 88 1,102 102,978 10,526 668 115,878 88.87

Agriculture 1746 2,227 1,104 18,469 10,537 146,908 1,504 182,495 80.5

Water 5 0 0 0 126 155 13,712 13,998 97.96

Total 144,638 59,214 39,952 575,105 114,734 164,794 16,175 1,114,612 -

Producer’s accuracy 

(%)

89.5 90.39 80.16 95.22 89.75 89.15 84.77 - -

Overall 

accuracy = 92.068%

Kappa coefficient: 0.88
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FIGURE 4

Spatial values of the categories according to the LULC maps of 2000, 2010, and 2020 produced after supervised classification.

TABLE 4 Change of LULC area values (ha) between two periods.

2000 2010

Coniferous Broad-
leaved

Mixed Treeless 
gap

Settlement Agriculture Water Total Gain Loss Net 
change

Coniferous 18,908 4,291 8,315 1832 490 3,623 1764 39,223 18,888 20,314 −1,426

Broad-

leaved

3,009 4,114 617 318 912 910 1,163 11,043 10,342 6,928 3,414

Mixed 5,699 4,463 7,390 73 75 1,551 740 19,991 9,638 12,601 −2,963

Treeless 

gap

2,795 21 49 31,079 236 2,248 134 36,562 12,621 5,481 7,140

Settlement 2,180 237 75 4,904 2,143 1,320 209 11,068 4,369 8,925 −4,556

Agriculture 3,588 618 114 4,870 1877 5,528 805 17,400 11,004 11,872 −868

Water 1,618 712 469 625 780 1,353 1,696 7,253 4,815 5,557 −742

Total 37,797 14,456 17,029 43,701 6,513 16,533 6,511 142,540

2010

2020

Coniferous Broad-
Leaved

Mixed Treeless 
Gap

Settlement Agriculture Water Total Gain Loss Net 
Change

Coniferous 14,305 3,986 1,274 13,283 489 4,445 6 37,788 12,775 23,482 −10,707

Broad-

leaved

2,878 6,761 1739 244 183 2,634 13 14,452 10,566 7,690 2,876

Mixed 9,085 2,531 3,133 95 30 2,148 0 17,022 3,586 13,889 −10,303

Treeless 

gap

17 23 4 39,705 318 3,651 10 43,728 15,059 4,023 11,036

Settlement 7 49 1 636 4,604 1,178 36 6,511 2,932 1908 1,024

Agriculture 303 2047 393 771 1,297 11,516 201 16,528 17,116 5,011 12,105

Water 485 1929 177 32 614 3,059 215 6,511 266 6,296 −6,030

Total 27,080 17,326 6,721 54,766 7,535 28,631 481 142,540
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transitions, while the right side shows the intensity of the 
annual transitions.

It was observed that the gain of Coniferous, Broad-Leaved, 
Mixed, Agriculture, Settlement, and Water categories targeted 
losses in the 2000–2010 period, while Treeless Gap avoided 
targeting losses. In the 2010–2020 time period, it intensively 

targeted the losses of only the Broad-Leaved and Mixed categories, 
while avoiding targeting the area losses of all categories in the 
non-forest class. While the gain of the Broad-Leaved category 
targeted Coniferous, Mixed, and Water category losses in the first 
time interval, it also targeted Agriculture losses along with these 
categories as gains in the second time interval. The Mixed category 

FIGURE 5

Spatial increase and decrease amounts (ha) of LULC categories in time intervals.

FIGURE 6

Interval level intensity analysis of the 2000–2010 and 2010–2020 time periods.
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intensively targeted Coniferous losses in the first time period and 
Broad-Leaved losses in the second time period as gains. Treeless 
Gap targeted Agriculture and Settlement losses in the first time 
period, and only Coniferous losses in the second time period.

When the gain of the Agriculture, Settlement and Water category 
in the non-forest area class are examined; while Agriculture category 
targeted Coniferous, Settlement and Water losses in the first time 
interval as gain, Broad-Leaved, Settlement and Water categories 
targeted losses in the second time interval. Settlement continued to 
target Broad-Leaved, Agriculture and Water losses in the first time 
interval and only Agriculture and Water losses in the second time 
interval. Water targeted Coniferous, Broad-Leaved, Mixed and 
Agriculture losses in the first time interval, and Agriculture and 
Settlement losses in the second time interval as gains.

5 Discussion

Understanding the changes and transitions in LULC, plays an 
important role in achieving Türkiye’s Strategic Spatial Planning goals 

and developing strategies, targets, actions and policies compatible 
with the United Nations’ Sustainable Development Goals (UN SDGs) 
(e.g., 6.6, 13.2, 13b, 15.2, 15.3, 15.5, 15.9, 15b) on land degradation 
neutrality around the scope of sustainable development. Moreover, 
evaluating and monitoring LULC dynamics in the Mediterranean 
Region is essential not only for sustainable development but also for 
enhancing climate change resilience and conserving biodiversity, 
which are key to ensuring ecological stability and supporting long-
term human well-being. Therefore, it is important to evaluate and 
monitor the dynamics of LULC changes that have occurred in the 
Mediterranean Region in recent years.

The intensity analysis method offers a more efficient and effective 
approach than other methods in analyzing changes occurring in 
LULC categories. The feature of analyzing land changes according to 
category size and classifying transitions over time brings intensity 
analysis to the fore (Manzoor et al., 2022; Sakizadeh and Milewski, 
2024). In the literature, classical land change matrix is used in LULC 
change studies and the results of the temporal changes of the categories 
are given directly. Density analysis, on the other hand, uses the data 
obtained from the classical change matrix for each time interval as 

FIGURE 7

Category intensity analysis for two-time intervals: 2000–2010 and 2010–2020.
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FIGURE 8

Transition intensity analysis for the gains of categories during the two-time intervals.

https://doi.org/10.3389/ffgc.2024.1498890
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org


Aksoy et al. 10.3389/ffgc.2024.1498890

Frontiers in Forests and Global Change 14 frontiersin.org

input. Because the analysis subjects these data to a single calculation 
in a single module and gives three separate results at interval, 
transition and category level. In this way, not only the spatial changes 
but also the categories and intensity of the changes are revealed. In this 
context, the intensity analysis method was used in the study to 
examine and evaluate the changes in forest areas and land cover in the 
Anamur region of Türkiye. The study covers a 20-year period in 
two-time intervals, 2000–2010 and 2010–2020. The changes in LULC 
categories were examined among the categories grouped under two 
separate classes as forest and non-forest. Analysis was carried out for 
a total of seven (7) basic categories: Coniferous, Broad-Leaved, Mixed 
and Treeless Gap for the forest area class; Settlement, Agriculture and 
Water for the non-forest area class.

Changes in LULC categories occur due to the combined effect of 
natural processes and anthropogenic effects. While changes due to 
natural conditions occur over many years, changes due to human 
factors occur in a much shorter period of time (Li et al., 2016). When 
the results obtained from the study are evaluated in this context, it 
shows that the land cover in Anamur changed under the influence of 
human activities rather than natural factors, depending on the speed 
and intensity of land change in the first 10-year period. As in other 
mountainous parts of Turkey, local people living in the mountainous 
regions of Anamur have migrated toward the city center for 
educational and economic reasons. It is thought that this migration 
movement is the most influential human activity in Anamur and that 
the use of the area has been most affected and changed for this reason. 
In the second 10-year period, it is seen that the rate and intensity of 
land change is slow. This slowdown in the second period can 
be  attributed to the implementation of specific policies and 
interventions aimed at regulating land use and preserving natural 
resources. For instance, during the 2010–2020 period, agricultural 
incentives and forest protection policies played a significant role in 
reducing the intensity of land cover changes. Policies such as subsidies 
for sustainable farming practices, restrictions on the conversion of 
forested lands into settlements, and afforestation programs likely 
contributed to this trend. Additionally, stricter regulations on urban 
expansion and zoning policies helped to control the growth of 
settlement areas, thereby limiting the conversion of arable land and 
forest areas into construction sites. Similarly, the study by Gong et al. 
(2020), it was stated that human activities had triggered LULC change, 
as most of the arable land in the Beijing-Tianjin-Hebei region had 
been gradually converted into constructed land due to urban 
expansion. Likewise, in the study by Xie et al. (2023), it was stated that 
the main driving force of the LULC change seen in Wuhan, China was 
human activities. However, the rapid changes and intensities 
experienced in the first period slowed down in the second period, 
strengthening the idea that natural factors were more effective than 
human factors in the second period. Policies and regulations regarding 
Agricultural and Forest Areas can lead to significant changes in land 
use. In the 2010–2020 period, efforts such as encouraging Agriculture 
and developing policies for the protection of forest areas slowed down 
the growth of Agricultural and Settlement areas. The decrease seen in 
the Settlement and Water categories within forest areas and non-forest 
areas supports this situation. Supporting the result obtained from the 
study, Manzoor et al. (2022) also showed that the rate and intensity of 
land change in Ghana was fast in the first period and slow in the 
second period, and that cultivated lands continued to expand toward 
shrub/vegetation for both time periods, which shows that the 
dynamics of arable land change were consistent between the two time 

periods. In the study by Rachman et al. (2024) in Jakarta, Indonesia, 
where they examined the 30-year changes in land use between 1990 
and 2020, it is found that the intensity analysis at the transition level 
provided an active gain in the settled category in all intervals except 
1995–2000. Likewise, in this study conducted for Anamur, losses in 
forest areas continued in both periods and expanded toward 
Agriculture. Although the intensity of the loss of forest areas was lower 
at the beginning, it was experienced more in the second period and 
continued to be  the weakest category against the expansion of 
Agricultural areas and already continues. Forest and non-forest areas 
are experiencing change due to social and economic development, 
which is closely related to the land use policies. The expansion of 
Agricultural and Settlement areas in the second 10 years (2010–2020) 
was made possible by the increase in population and economic 
activities in this period and the conversion of forest areas, especially 
Coniferous areas, into agricultural lands to a large extent. 
Unfortunately, the loss of forest areas makes it increasingly possible to 
experience ecologically important consequences such as habitat 
fragmentation, biodiversity loss and climate change.

According to the land change matrix of the study, forest areas 
generally decreased by 40% between 2000 and 2020. However, while 
the Broad-Leaved area and Treeless Gap area increased, which are in 
the Forest areas class, the Coniferous and Mixed area decreased 
(Table 4). According to the category level results, which reveal the 
changes in each category in terms of loss and gain intensity, it was seen 
that Coniferous was the category that experienced the most intense 
change for both time periods. Coniferous became active in the second 
time period and the loss intensity was greater. Broad-Leaved and 
Mixed are active in both time frames in terms of loss and gain. 
However, while Broad-Leaved was the intense gaining category for 
both time periods, Mixed turned out to be the intense losing category 
(Figure 7). According to the transmission level results of intensity 
analysis; in both periods, Coniferous, Broad-Leaved and Mixed 
category gains targeted each other’s losses most intensely. While 
Coniferous intensively targeted non-forest (Agriculture, Settlement 
and Water) area losses in the first time period, it was observed that it 
avoided this in the second time period. On the other hand, Broad-
Leaved heavily targeted Water losses in both time periods. It is thought 
that Broad-Leaved species target water losses due to their higher water 
and moisture needs compared to Coniferous species. Özçelik’s (2018) 
study in Turkey supports this idea, finding that Quercus patreae stands 
have approximately 2.5 times higher water consumption than Pinus 
nigra Arnold. stands under the same conditions. While Treeless Gap 
losses were not targeted by any category’s gains in any time period, it 
was observed that Treeless Gap gains targeted Coniferous losses in the 
second time period. (Figure  8). According to the official forestry 
statistics of Türkiye, Coniferous, which was 13,158,774 ha in 2010, 
decreased by 17% in 2020 to 10,969,246 ha. While Broad-Leaved was 
8,378,317 ha in 2010, it decreased by 12% to 7,405,972 ha in 2020. 
Mixed, which was 4,367,251 ha in 2015, increased by 4% to 
4,557,782 ha in 2020 (Forestry Statistics, 2024). While the results of 
the study for Coniferous were in parallel with the forestry statistics of 
Türkiye, they were opposite for Broad-Leaved and Mixed. Kaptan 
et al. (2019), in their study in the Black Sea Region of Türkiye, found 
that Coniferous and Broad-Leaved areas decreased, while Mixed areas 
increased. In the study they carried out in Artvin province in the 
Eastern Black Sea Region of Türkiye, Çavdar and Yolasığmaz (2015), 
on the other hand, determined that Broad-Leaved and Mixed areas 
increased, while Coniferous areas decreased between 1985–2006. 
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Contrary to these results, in the study conducted by Manzoor et al. 
(2022), intensity analysis shows a general increase in the forest 
category in both periods (1993–2003 and 2003–2015). The Ghanaian 
government also carried out a tree planting program in Northern 
Ghana in the 1980s. It is believed that as a result of the Ghanaian 
government’s policies in the 1980s aimed at reducing pressure on natural 
forest areas, including a tree planting program in Northern Ghana, the 
number of trees has increased, mostly on lands not suitable for 
agriculture. Apart from the afforestation, different reasons have also been 
cited for the increase in tree cover in certain parts of Ghana despite 
ongoing deforestation across the country.

The lack of agricultural area in the center where the population is 
dense, has caused the forest areas in the district to be greatly damaged for 
economic activities. The increase in altitude from the coast in Anamur 
has forced the inhabitants to engage in agricultural activities in the city 
center. This situation has led to the forest fires being started to create 
agricultural area. However, since fire can cause widespread undesirable 
damages such as human and economic losses, changes in vegetation 
cover, runoff, soil degradation, water pollution, etc. (Terêncio et al., 2020; 
Gültekin and Gültekin, 2024), a systematic policy is needed to identify 
forest areas suitable for agriculture and minimize the damage (Bayar, 
2003). The frequency and severity of disasters such as forest fires can 
cause losses in forest areas. Zdruli (2014), in his study conducted for 22 
countries surrounding the Mediterranean, including Türkiye, 
emphasized that the main reasons for the decrease in forest areas are 
forest fires, fuelwood supply, overgrazing, conversion to cultivated land 
or urbanization. It is known that fires, especially in the Mediterranean 
basin, have shaped the vegetation of the region since the middle Pliocene 
period, when dry climate occurred in summers (Rundel et al., 2016; 
Bahar, 2018). For this reason, it is thought that the impact of forest fires 
was the main reason for the decrease in fire-sensitive Coniferous areas 
in the study area. According to the calculations made by TGDF (Turkish 
General Directorate of Forestry), taking into account the annual number 
of forest fires that broke out in the last 20 years, the amount of burned 
area, the total area of administrative borders, and the forest area of the 
forest fires in the last 20 years, the region, including the study area, is in 
the class of the most dangerous forest zones (Duran, 2014). According to 
the Türkiye forestry statistics in 2022, Mersin ranks 7th out of 81 
provinces with 99 forest fires (Forestry Statistics, 2024). As suggested by 
Çelik et al. (2023), the Anamur region, which is under the threat of global 
warming and drought, is highly vulnerable to forest fires. Therefore, 
comprehensive measures must be  taken to protect Anamur from 
potential forest fires and to minimize the damage caused by these fires. 
Global climate change can increase the frequency and intensity of forest 
fires, leading to a reduction in forest areas. It is especially crucial to 
prevent deforestation in the northern parts (Treeless Gap) of Anamur 
and to manage the existing forest areas effectively and sustainably. In this 
context, it is essential to manage forests in a holistic manner that is 
compatible with the environment and climate to achieve 
sustainability goals.

According to the results of the 20-year change obtained for the 
non-forest area class; Agriculture increased by 65%, while the Settlement 
and Water categories decreased by 32 and 93%, respectively. According 
to the land change matrix data, Agriculture achieved the most area gain 
from the Coniferous and Treeless Gap categories (Table 4). Especially 
with the increase in agriculture, the need for irrigation water required to 
grow crops has naturally increased. In addition, sudden and heavy 
rainfall due to irregularities in the precipitation regime, which is one of 
the consequences of global climate change, caused surface runoff and 

drought and could not adequately feed the ground water. Therefore, the 
irrigation water needed by agricultural crop growers has been supplied 
in different ways, increasing irregular water use. The results obtained 
from the study support this situation. According to the category-level 
results, which reveal the changes in the loss and gain intensities of each 
category, Settlement was active in terms of both losses and gains during 
the first time interval but completely dormant during the second time 
interval. Agriculture was both an active loser and gainer in the first time 
interval, while it was only active in terms of gain intensity during the 
second time interval. Water was an active gainer in both time intervals, 
but its loss intensity was higher than its gain intensity (Figure  7). 
According to the intensity analysis results at the transition level, 
Agriculture consistently targeted the area losses of Settlement and Water 
in both time intervals. Settlement gains most intensely targeted the 
Agriculture and Water categories in both time intervals. Water 
consistently targeted the area losses of Agriculture in both time intervals 
(Figure 8).

The intensity of forest areas has limited agricultural land and caused 
the population to concentrate in areas suitable for farming due to the 
economic activities associated with these areas. However, the increasing 
population has created a need for new agricultural areas, leading to the 
destruction of forests and their conversion into agricultural land. In their 
study of the Seyhan Basin in Türkiye’s Eastern Mediterranean Region, 
Zadbagher et  al. (2018) found that agricultural areas continuously 
increased from 1995 to 2016. Göksel and Bektaş Balçık (2019) also 
identified an increase in Agriculture areas between 2006 and 2014 in 
their study on land use and change in Mersin province. Additionally, 
their study noted that the most significant change in the region was from 
bare lands to artificial surfaces. Urgilez-Clavijo et al. (2024) stated that 
the reduction in forest densities was due to their conversion into 
agricultural areas. However, they noted that this should not be evaluated 
simply as a reduction in forest areas, as the expansion of cocoa 
production through traditional agroforestry systems represents a step 
toward sustainable transition. Parallel to the finding that Settlement gains 
most intensely targeted the Agriculture and Water categories, Özcan et al. 
(2018) found a tendency for agricultural lands to be converted into 
Settlement areas between 1997 and 2012 in their study conducted in 
Antalya, located in southern Türkiye. It was determined that each 
category within the forest and non-forest classes experienced the most 
significant losses and gains among other categories within their 
respective classes.

The agricultural sector not only meets the food needs of the 
population but also provides employment opportunities for a large 
segment of the population and supplies essential inputs to the industrial 
sector, thereby contributing significantly to the national economy. In this 
context, the district of Anamur plays an important role in the country’s 
economy. Anamur specializes in producing high-quality agricultural 
products, including subtropical fruits (banana, orange, lemon, 
pomegranate, avocado, kiwi), greenhouse crops (tomato, pepper, 
eggplant, cucumber, strawberry), and crops grown in sandy soils along 
the coast (pistachio, broad beans, sesame). Its geographical location, soil 
structure, and microclimatic conditions enable Anamur to cultivate these 
special agricultural products, providing an economic advantage to the 
region. Furthermore, local agricultural products and the food and 
beverages derived from them enhance Anamur’s tourism potential 
(Kart Gölgeli, 2016). The agricultural sector in Anamur is a key 
contributor to the economy, both in Mersin and throughout Türkiye.

Additionally, the province of Mersin has received significant grants 
under IPARD, providing support for rural development and the 
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agri-food sectors. IPARD, part of the Instrument for Pre-Accession 
Assistance (IPA), offers special support to rural areas and agri-food 
sectors in countries in the process of joining the European Union (EU) 
(European Comission, 2024). Türkiye prepared the IPARD Program, 
which was approved by the European Commission in 2008 and by 
Türkiye’s Higher Planning Council in 2009. The implementation of the 
program began in 2011 (General Directorate of Agricultural Reform, 
2024). The program prioritizes the sustainable adaptation of the 
agricultural sector, the implementation of agri-environmental measures, 
and the development of the rural economy (Agriculture and Rural 
Development Support Institution, 2024). Mersin is one of the provinces 
with the highest number of applications to IPARD, having received 76.7 
million TL in grants for 74 projects in 2020, making it the top recipient 
of grants in Türkiye (Mersin Governorship, 2024b). This highlights the 
significant role of the agricultural sector in Anamur and explains the 
observed increase in agricultural areas in the study.

Another significant sector in Anamur’s economic structure is 
tourism. Although Anamur’s economy is primarily based on agriculture, 
livestock, and forestry, its location on the Mediterranean coast and 
favorable climate also make it an important center for marine tourism. 
The intensive use of marine tourism resources, oversupply in coastal use, 
a culture of extensive and intensive consumption-based marine tourism, 
and a move away from conservation practices etc., increase the negative 
impacts of marine tourism on environmental values. Particularly during 
the summer months, the population increase and the consequent rise in 
demand for resources put pressure on urban and district centers, leading 
to an increase in accommodations such as hotels and pensions. Even a 
small rise in the consumption of food, water, and energy in tourist 
activities can affect the ecological balance and lead to significant, 
unpredictable outcomes at the destination (Sevinç and Duran, 2018). As 
noted by Rachman et al. (2024) in their study, economic growth and 
population increase are directly proportional, meaning that economic 
growth drives population growth, and vice versa.

Economically, the benefits derived from agriculture and tourism can 
lead to the conversion of forested areas into non-forest areas. The fact 
that agricultural lands have predominantly targeted Water losses as gains 
in both periods indicates the process of converting Water areas into 
agricultural lands. A similar result was observed in the study conducted 
by Xie et  al. (2020). Therefore, the intensity of agricultural land 
expansion, especially during the 2010–2020 period, may have caused an 
increase in forest area losses and agricultural land gains. To prevent this, 
numerous environmental projects are being developed at international, 
national, and regional levels. Sustainable tourism policies, programs, and 
practices must continue to be implemented.

According to TUIK data, the population of Anamur was 49,948 in 
the year 2000 (TUIK, 2000), and it reached 66,994 in 2020 (TUIK, 2020). 
As a result of urban development and especially tourism development, 
Anamur has become a major attraction center for surrounding 
settlements (Bayar, 2003). Urbanization driven by population growth has 
expanded the city center outward over the 20-year study period, leading 
to the conversion of some Agricultural areas into Settlement areas in the 
center (Figure 3). Additionally, the overall expansion of Agricultural 
areas in the city has led to changes in the urban structure due to tourism-
related developments. The increase in Settlement category areas, 
especially during the second 10-year period, is thought to be attributed 
to the increasing demand for land alongside economic development. 
Developments in the agricultural sector have led to the emergence of 
both local and tourism-oriented rural constructions around agricultural 
areas, resulting in a more fragmented landscape pattern in the study area. 

Therefore, it is believed that Settlement areas show a heterogeneous 
increasing trend throughout the district. Similar results were obtained in 
the study conducted by Piao et al. (2023) in Pyongyang. Over the 20-year 
study period, the main urban area in Pyongyang expanded, leading to 
the conversion of Agricultural areas into Residential areas. The total 
population of Pyongyang increased from 2,777,000  in 2000 to 
3,084,000 in 2020, while the urbanization rate increased from 59,412 in 
2000 to 62,381 in 2020, consistent with North Korea’s growth trend. 
Similarly, in the study conducted by Berdimbetov et al. (2024), it was 
found that there was a decrease in Forest and Water categories, while 
there was an increase in Agriculture and Settlement categories between 
1995 and 2015. It was determined that the loss of forests contributed to 
the gain of Agricultural and Urban areas, while water bodies transformed 
into Treeless Gap and Shrub areas.

Climate change causes a decrease in water supply and a deterioration 
in water quality in Türkiye. In the Mediterranean region, a decrease in 
annual rainfall and an increase in extreme precipitation events are 
observed due to climate change. Urbanization, on the other hand, has led 
to an increase in temperatures ranging from 0.3 degrees to 0.9°Cin 
Mediterranean cities between 2001 and 2017. It is anticipated that this 
trend will continue and affect soil quality and erosion (Climate News, 
2019). The rainfall in the Mediterranean Region in April 2024 was 
23.0 mm, compared to the normal of 53.5 mm, and the rainfall in April 
2023 was 76.9 mm. There has been a 57% decrease in rainfall compared 
to the normal and a 70% decrease compared to April 2023 (Meteorological 
Service, 2024). The past-to-present low rainfall and water losses caused by 
climate change have become a predominant issue for the Water category 
in Anamur, in parallel with the study by Berdimbetov et  al. (2024). 
Although Water is active in terms of gain in both time intervals, the loss 
intensity is higher than the gain. The SPEI (Standardized Precipitation-
Evapotranspiration Index) value of −1.19 indicates moderate drought in 
the 2000–2010 period and the SPEI values of −1.44 indicating severe 
drought in the 2010–2020 period are in parallel with the mentioned losses. 
There has been a 93% decrease in the Water category over the 20-year 
period. When comparing the changes in water density between 2000–
2010 and 2010–2020, it is observed that the loss is higher in the first time 
interval. The decrease in water resources reduces the productivity of 
agricultural areas. Therefore, it is believed that the decrease in the density 
of agricultural areas during the 2010–2020 period is related to the decrease 
in water resources and climate change. It can be said that the intensive 
pressure created by climate change and urbanization, along with the 
changes in density between areas, also play a significant role.

The areas within the Treeless Gap category in the study area consist 
almost entirely of highly rugged and rocky areas in mountainous terrain. 
Therefore, it is expected that Treeless Gap areas, which do not have 
suitable conditions for agriculture or forestry, will not experience 
significant losses. Areas targeted for gain by Treeless Gap are likely 
locations where trees with root development and living opportunities 
among karstic rocks have thrived. Due to the geological structure 
consisting of karstic rocks, the disappearance of trees thriving on rocky 
and stony terrain would have severe consequences and restoring the area 
to its former state would be quite challenging. The transition from areas 
with vegetation to Treeless Gap areas is observed to be more pronounced 
in the second period. If this situation is not controlled, it may increase 
surface runoff in the future, deteriorate water quality, and have a 
profound impact on the hydrological cycle (Sakizadeh and 
Milewski, 2024).

As emphasized by Rachman et  al. (2024), development affects 
environmental quality, and therefore, it is important to control all 
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impacts, whether positive or negative. Deterioration in urban 
environmental quality is associated with various environmental 
problems. To create a sustainable and positive environment, governments 
need to collaborate with communities that directly influence and target 
progress in the development process. In this context, Gong et al. (2020) 
also propose recommendations for rural sustainable development and 
preservation of arable lands in the Beijing-Tianjin-Hebei Region, 
including providing scientific support institutions, land consolidation 
projects, and suggestions for the development of sustainable agriculture 
and industrial improvements.

It is believed that the targeted gain categories in urban development 
are associated with the surrounding urban growth of the study area. This 
situation will impose significant pressure on important ecosystem 
services, including landscape ecology, biodiversity, and natural resources. 
If not intervened in the near future, closely linked to the changing socio-
economic conditions with population growth, the landscape pattern will 
continue to change, leading to excessive use of natural resources and 
expansion of built-up areas. Given the threat posed by water scarcity, it 
is important to develop appropriate objectives and policies within the 
scope of strategic spatial planning.

Establishing a balance between conservation and utilization is 
essential to reduce the destruction of agricultural, water, and forest areas. 
There is a need to strike a balance between forest conservation and 
urbanization. Changes in policies and regulations related to agriculture, 
forests, and settlements will affect land use changes. Therefore, it is 
important for all stakeholders involved in LULC to consider and 
implement all plans and decisions made in this regard (Hersperger 
et al., 2018).

6 Conclusion

In this study, LULC changes in forest and non-forest areas were 
examined by intensity analysis, changes were evaluated at category, 
time interval and transition level. The method was found effective in 
detailed analysis. The results are based on satellite image quality and 
classification accuracy.

It is anticipated that forest fires are the most important factor in the 
rapid decrease and change in Coniferous areas. The determination that 
the Treeless Gap category targeted Coniferous losses, especially in the 
recent time interval, is one of the significant findings of intensity the 
study. This is because the Treeless Gap category, which refers to state 
forest areas without trees, includes almost all of the karstic mountainous 
areas in the region’s highlands. Therefore, forest planning and activities 
in these areas should prioritize actions for their conservation and 
improvement. For the study area, which is classified as one of the most 
dangerous areas in terms of fire sensitivity due to its climate, vegetation, 
and geographical location, determining policies and implementing them 
rapidly and effectively to combat forest fires is crucial. The intensive 
targeting of Water losses as gains by the Agriculture category is another 
issue that needs attention in terms of water scarcity. Due to global 
climate change, water levels in many dams in Türkiye have significantly 
decreased, leading to agricultural production in areas where water has 
receded. Considering that this situation necessitates the use of water at 
a high rate in the agricultural areas and rapidly increasing settlement 
areas in the research area, it is considered as an important indication that 
a severe drought will be experienced in the region. If this process is not 
managed properly by applying appropriate landscape planning, forestry, 

urbanization, and agricultural policies and strategies, it also reveals the 
fact that very serious migrations to other parts of the country will begin. 
This migration wave, which is thought to affect the people living in all 
living conditions, regardless of urban and rural areas, may cause 
significant bottlenecks in terms of employment and demographic 
structure in other geographical regions. For this reason, due to the global 
environmental disasters that have increased rapidly in recent years and 
whose effects are felt all over the world, there is a need more than ever 
to monitor, evaluate and report LULC changes, as in this research study.

As global environmental disasters rapidly increase and their 
effects are experienced worldwide, there is a greater need than ever to 
monitor, evaluate, and report LULC changes. Particularly in sectors 
that meet basic human needs such as forestry, landscape planning and 
design, agriculture, and the food industry, effective policies need to 
be determined, and proper plans need to be made, making this issue 
highly important. Changes in forest areas have serious economic and 
ecological implications, primarily related to global climate change. 
Therefore, increasing the number and quality of such studies at the 
local and regional levels is crucial for the development and 
improvement of sustainable development, sustainable forest 
management, and sustainable landscape planning efforts and policies.
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