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Abstract

Land use/land cover (LULC) change is one of the most important indicators of environmental
transformation and regional landscape dynamics. Monitoring these changes is essential for understanding
the impacts of urbanization, agricultural activities, and land conversion processes on semi-arid
environments. This study aims to investigate the spatio-temporal LULC dynamics of Yozgat Province,
Tiirkiye, between 2000 and 2024 using multi-temporal Landsat satellite imagery and Geographic
Information Systems (GIS)-based spatial analysis techniques. Multi-temporal Landsat-5 TM, Landsat-7
ETM+, and Landsat-8/9 OLI images with 30 m spatial resolution were obtained from the USGS Earth
Explorer platform. Image preprocessing, clipping, classification and temporal change detection analyses
were performed in ArcGIS/ArcMap 10.8. Four major land use classes were identified: agriculture,
settlement, bare land and vegetation/water. Multi-temporal classification results were compared to
quantify long-term land transformation patterns. The classification accuracy was evaluated using confusion
matrix analysis, Overall accuracy and Kappa metrics. The results revealed significant changes in the spatial
structure of Yozgat Province over the 24-year period. Settlement areas exhibited the most substantial
increase, rising by 114.38%, indicating strong urban growth and infrastructure expansion. In contrast, bare
land decreased by 54.13%, suggesting progressive conversion into agricultural and built-up surfaces.
Agricultural land remained relatively stable with a moderate increase of 9.08%, while vegetation/water
areas increased by 67.72%. The most pronounced transformation periods were identified between 2006-
2012 and 2012-2018, during which major land conversion processes occurred. The findings demonstrate
that urban expansion and the reduction of bare land are the dominant drivers of landscape transformation
in Yozgat Province. This study provides valuable scientific evidence for sustainable land use planning,
regional environmental management, and future GIS-based monitoring studies in semi-arid regions of
Central Anatolia. The results demonstrate that remote sensing and GIS techniques provide reliable tools for

long-term monitoring of LULC dynamics in semi-arid environments.
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1. Introduction

In recent years, the development and rapid growth of urban settlements have emerged as
one of the most significant human-induced processes transforming land surfaces and impacting
the natural environment (Seto et al.,, 2011; Ding & Shi, 2013; Dutta et al.,2020; Oli et al., 2025). In
around the world, 55 % of people currently reside in cities rather than rural areas, and in the
next year, that number is predicted to increase to 68% due to economic development and
population growth. (DESA, 2019; Dutta et al.,2020; Oli et al., 2025; Ologunde et al., 2025). Since
soil is a natural resource that directly affects life on Earth, its efficient use, conservation, and
preservation are of paramount importance. However; urbanization, rapid population growth and
economic development are significantly increasing the need for land resources and affecting land
use and land cover (LULC) changes (Hatab et al., 2019; Ologunde et al.,2025). Land use and land
cover (LULC) change has been widely recognized as one of the most significant indicators of
environmental transformation and landscape dynamics at regional and global scales (Lambin et
al, 2003; Foley et al, 2005). Rapid population growth, urban expansion, water bodies,
agricultural intensification, and infrastructure development have accelerated land surface
modifications over recent decades. Due to cropland degradation and land surface modifications,
several issues have arisen, including employment, the erroneous movement of people from rural
to urban regions, a decline in plant diversity, and desertification. All these also inhibit sustainable
agricultural outputs (Erbas & Cinarer, 2024). In addition to anthropogenic drivers, climate
variability and environmental degradation have also contributed to changes in LU patterns.
These transformations influence ecosystem services, biodiversity, soil quality, water availability,
and agricultural productivity, thereby affecting regional sustainability and socio-economic
development (Foley et al., 2005; Turner et al., 2007; Verburg et al.,, 2015).

Monitoring LU change is essential for understanding landscape evolution and supporting
sustainable land management strategies. The identification of spatial and temporal trends in land
transformation provides critical information for environmental planning and policy-making
processes (Verburg et al, 2015). In this context, Remote Sensing (RS) technologies and
Geographic Information Systems (GIS) have become indispensable tools for analyzing large-scale
environmental changes (Lu et al., 2004; Weng, 2012). Satellite imagery offers repetitive and
consistent observations of the Earth’s surface, enabling researchers to detect land cover
transitions and assess long-term environmental dynamics. Among the available satellite
datasets, Landsat imagery has been extensively used in LULC studies due to its long historical
archive, moderate spatial resolution, and open-access data policy (Roy et al, 2014). Multi-
temporal Landsat data provide valuable information for evaluating land transformation
processes, identifying urban growth patterns, monitoring agricultural changes, and assessing
vegetation dynamics (Singh, 1989; Coppin et al., 2002; Hansen et al., 2013). The integration of RS
data with GIS-based spatial analysis techniques facilitates the production of thematic LU maps,
quantitative change detection analysis, and spatial modeling of landscape transformations (Lu et
al., 2004). Central Anatolia represents a region where LU patterns are strongly influenced by
semi-arid climatic conditions, agricultural practices, and socio-economic dynamics. Variability in
precipitation regimes, increasing environmental pressures, and rural-to-urban migration have
led to noticeable changes in LU distribution across the region (Turkes et al., 2009; Turkes and
Akgiindliz, 2011; Ergene et al., 2024). Yozgat Province, located in Central Anatolia, is located on
the Bozok Plateau of the Central Kizilirmak part of Central Anatolia. The northern part of its
territories extends to the southern parts of the Central Black Sea Region. It is between 340 05'-
36010 eastern meridians and 38040'-40018’ north parallels (Erbas, 2021). Yozgat Province,
located in Central Anatolia, is predominantly characterized by agricultural LU, steppe vegetation,
and dispersed urban settlements. In decades, demographic shifts, regional development
activities, and environmental challenges have contributed to spatial transformations in LU
structure. Understanding these changes is essential for sustainable resource management and
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regional planning (TURKSAT, 2023; Ministry of Environment, Urbanization and Climate Change,
2024; Meydan Yildiz et al., 2022). Therefore, the main objective of this study is to analyze the
spatio-temporal changes in land use and land cover in Yozgat Province using multi-temporal
Landsat satellite images covering the period between 2000 and 2024. The study aims to classify
major land use categories, quantify area changes, and evaluate spatial transformation trends
over time. The findings are expected to contribute to environmental monitoring studies and
provide scientific support for sustainable land use planning in semi-arid regions.

Recent research conducted in Tirkiye highlights the importance of spatial modeling
approaches and geospatial analysis techniques in environmental monitoring and land
management applications. Studies focusing on landscape transformation and spatial planning
have emphasized that GIS-based decision-support systems play a significant role in identifying
suitable land use strategies and evaluating environmental impacts (Sivrikaya et al., 2010; Celik
& Yakar, 2023). These studies underline the effectiveness of combining satellite imagery with
spatial analysis methods to investigate land transformation processes. Furthermore, regional-
scale investigations in Tiirkiye have revealed that agricultural land dynamics, vegetation change,
and urban expansion are among the dominant drivers of land use transformation. RS-based LULC
change detection studies conducted in metropolitan and rural regions have demonstrated that
spatial and temporal analyses provide essential information for sustainable environmental
planning (Cagliyan & Dagli, 2022; Turk & Balcik, 2023; Bozkurt et al,, 2023). These findings
indicate that continuous monitoring of land use change is crucial for understanding landscape
evolution and supporting policy development.

Many studies have examined changes in land cover/land use by using RS and GIS
techniques.

Guler et al. (2007), in this study was to analyze LU/LC changes between 1980 and 1999 in
Samsun, Turkey, using satellite images. Three Landsat images from 1980, 1987 and 1999 were
used to determine changes. A post classification technique was used based on a hybrid
classification approach (unsupervised and supervised). Images were classified into six LU/LC
types; urban, agriculture, dense forest, open forest-hazelnut, barren land and water area. It is
found that significant changes in land cover occurred over the study period. The results showed
an increase in urban, open forest/hazelnut, barren land and water area and a decrease in
agriculture and dense forest in between 1980 and 1999. In this period, urban land increased from
0.77% to 2.47% of the total area, primarily due to conversions from agricultural land and forest
to a lesser degree. While the area of dense forest decreased from 41.09% to 29.64% of the total
area, the area of open forest and hazelnut increased from 6.73% to 11.88%.

Gulersoy (2013), a long-term land use/land cover (LULC) change analysis conducted in the
central district of Corum revealed substantial transformations in the regional landscape between
1987 and 2011. The study reported considerable increases in settlement, agricultural land, forest
areas, and water surfaces, whereas pasture areas experienced a marked decline over the study
period. The expansion of settlement areas was primarily attributed to rapid urban growth, while
the increase in agricultural land was associated with rising food demand and the intensification
of agricultural activities. In addition, the growth of water surfaces was linked to the construction
of dams and reservoirs, whereas afforestation initiatives and demographic changes in rural
settlements contributed to the expansion of forest areas. The authors further emphasized that
these land use changes resulted in several environmental challenges, including the conversion of
land beyond its capability, degradation of soil and water resources, and unsustainable waste
disposal practices. Based on these findings, the study highlighted the importance of
implementing land use planning strategies that are compatible with the natural environmental
characteristics of the region to support sustainable landscape management.

Karakus et al. (2015), a study conducted in Sivas city and its surrounding areas investigated
land use and land cover changes using multi-temporal Landsat satellite imagery acquired in 1987
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and 2002. In addition to detecting spatial land use changes, the research focused on evaluating
land use potential by considering environmental factors such as topography, geology, soil
characteristics, climate conditions, and hydrological features. Suitability analysis was carried out
to determine optimal land use categories, including settlement areas, agricultural land, forest,
and pasture-range zones. The results indicated that urban development occurred predominantly
towards the northeast, south, and southwest directions of the city. Furthermore, it was found
that new residential areas were generally established on lands that were suitable for agricultural
use. The study emphasized the importance of integrating land use change detection with land
suitability analysis to support sustainable regional planning and future land management
strategies.

Naboureh et al. (2021), a comprehensive review study focusing on the China-Central Asia-
West Asia Economic Corridor, which constitutes a major component of the Belt and Road
Initiative and hosts a very large population, evaluated recent developments in LULC mapping
research across the region. The study systematically analyzed a wide range of scientific
publications by considering various factors, including dominant drivers of land transformation,
data acquisition techniques, classification methods, and accuracy assessment procedures. The
findings revealed that rapid urban expansion, industrial growth, demographic increase, and
climate variability are among the primary forces influencing land use change in the corridor.
Furthermore, these transformations were associated with several environmental consequences
such as land degradation, desertification, biodiversity loss, and increasing levels of air and water
pollution. The review also highlighted important methodological challenges, including the
limited availability of well-structured national land use datasets and insufficient training and
validation data for long-term monitoring studies. In addition, several technical issues related to
classification performance and data integration were identified as areas requiring further
scientific attention.

Turan et al. (2021), A long-term land use and land cover (LULC) change analysis conducted
in the Carsamba Delta Plain, one of the major agricultural plains in the Central Black Sea Region
of Tlrkiye, examined spatial transformations over an approximately 30-year period using multi-
temporal Landsat satellite imagery. The study identified six major land cover classes and
achieved classification accuracy values exceeding 85%, indicating reliable mapping performance.
The findings revealed that cultivated agricultural lands constituted the most dominant land cover
type in the region, while pasture areas showed the lowest spatial distribution. Temporal analysis
demonstrated that significant land transformations occurred particularly in pasture and forest
areas between 1994 and 2011. In the most recent decade, however, an increase in artificial
surfaces and hazelnut plantation areas was observed, accompanied by a notable decline in
pasture lands. These land use changes were associated with population growth and increasing
human pressure on agricultural landscapes. The study emphasized that RS-based monitoring
provides valuable spatial information for decision-making processes related to sustainable land
management and regional planning.

Celik and Yakar (2023), A case study conducted in Mersin Province analyzed spatial land
use transformations under increasing urbanization pressure using multi-temporal LULC datasets
representing the years 2000, 2006, 2012, 2018 and 2022. The study classified land use into five
main categories, including built-up areas, agricultural land, vegetation, barren land, and water
bodies. The generated thematic maps were compared through pairwise change detection
analysis, and areal variations were evaluated using graphical methods. The results revealed a
significant increase in built-up areas over the study period, indicating the influence of urban
expansion on landscape dynamics. In contrast, notable decreases were observed in agricultural
land, barren areas, and water bodies, while vegetation areas showed moderate growth. The study
emphasized that continuous monitoring of LULC changes is essential for understanding spatial
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development trends and supporting sustainable urban management strategies in regions
experiencing rapid socio-economic transformation.

Ologunde et al. (2025), A recent study conducted in the Ado-Odo Ota region of Ogun State,
Nigeria, investigated spatio-temporal land transformation between 2015 and 2023 using multi-
temporal Landsat imagery and GIS-based analysis. The research classified land cover into several
categories, including water bodies, dense vegetation, sparse vegetation, built-up areas, and bare
land. The results revealed a considerable expansion of urban areas and sparse vegetation, while
forested areas experienced a significant decline during the study period. The conversion of forest
and vegetated land into agricultural and built-up areas was identified as a major indicator of
increasing human pressure and urban development. In addition, reductions in water surfaces
and bare land were also observed. The study highlighted that rapid urban growth can alter
landscape structure and emphasized the need for sustainable land use strategies to maintain
ecological balance while supporting socio-economic development.

Oli et al. (2025), A long-term study conducted in Atlanta, Georgia, analyzed spatio-temporal
changes in LULC patterns and land surface temperature (LST) between 2001 and 2021 using
multi-temporal Landsat imagery. Supervised classification based on a random forest algorithm
was applied to generate land use maps, while spatial regression techniques were used to evaluate
the relationship between LULC classes and temperature variations. The results indicated a
noticeable increase in built-up areas over the study period, accompanied by reductions in forests,
agricultural lands, open spaces, and water surfaces. These land transformations were associated
with a significant rise in average land surface temperatures, particularly in densely urbanized
zones where strong spatial clustering of high temperature values was observed. The study also
demonstrated that vegetated and open areas contributed to cooling effects, whereas the
expansion of impervious urban surfaces intensified the urban heat island phenomenon. Overall,
the findings highlighted the importance of sustainable urban planning strategies aimed at
preserving green infrastructure to mitigate the environmental impacts of rapid urbanization.

Kadak (2025), in this study conducted in the Yenisehir district of Bursa Province analyzed
LULC dynamics between 2020 and 2024 using high-resolution Dynamic World data derived from
Sentinel-2 satellite imagery. The research integrated cloud-based image processing techniques
within the Google Earth Engine platform and spatial analysis tools in ArcGIS Pro to generate
annual land use maps, inter-class transition maps, and NDVI-based vegetation change
assessments. The results revealed a noticeable decline in cropland areas, particularly after 2022,
accompanied by decreasing NDVI values in the same regions. These changes were mainly
observed in peri-urban agricultural landscapes and were associated with both human-induced
pressures and climate-related impacts. The study emphasized the importance of ecological-
based strategic planning approaches and demonstrated the effectiveness of satellite-derived
datasets for monitoring short-term land transformation processes in agricultural environments.

Pirzada et al. (2025), a long-term study conducted in Hyderabad District, Pakistan,
investigated spatial land transformations over a 51-year period using multi-temporal Landsat
satellite imagery integrated with Geographic Information Systems (GIS) techniques. The
research employed a supervised classification approach based on the Maximum Likelihood
algorithm to generate thematic land use maps for different time periods. The results revealed a
substantial expansion of built-up areas, largely driven by rapid urbanization and rural-to-urban
migration processes. This growth occurred at the expense of agricultural lands, orchards, and
barren areas, indicating significant landscape modification. The study emphasized that
uncontrolled urban development can reduce fertile agricultural land resources and intensify
environmental challenges such as land degradation and climate change impacts. These findings
highlight the importance of continuous remote sensing-based monitoring to support sustainable
land management and spatial planning policies in rapidly developing regions.
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Ferynandari et al. (2026), a recent study conducted in the Rejoso Watershed in East Java,
Indonesia, analyzed spatio-temporal LULC changes between 2005 and 2024 using multi-
temporal Landsat satellite imagery. The research applied a hybrid classification approach
combining unsupervised clustering and visual interpretation, and classification accuracy was
validated through ground reference data and confusion matrix analysis. The results revealed a
considerable decline in vegetation cover during the early study period, followed by partial
recovery after 2020. Agricultural lands showed a significant expansion until 2020 and then
decreased in extent, indicating a shift in land management practices. Built-up areas exhibited a
continuous increase, reflecting ongoing urban development pressures, while open lands
fluctuated and water bodies remained relatively stable. The study emphasized that spatial
reconfiguration of land use patterns within watershed systems has important implications for
environmental management, upstream rehabilitation strategies, and sustainable spatial
planning.

Saha and Saaj (2026), a geospatial analysis conducted in Dhaka District, Bangladesh,
investigated the spatio-temporal dynamics of land use and land cover (LULC) and their
relationship with land surface temperature (LST), vegetation condition, and water availability
using multi-temporal Landsat satellite imagery. Remote sensing-based indices such as NDVI and
NDWI were calculated to evaluate vegetation cover and surface water changes over time. The
findings revealed a substantial increase in built-up areas between 2010 and 2025, accompanied
by a significant decline in vegetation cover. This land transformation contributed to a noticeable
rise in land surface temperature, indicating the intensification of urban heat island effects
associated with impervious surface expansion. Although slight vegetation recovery was
observed in later years, water index values generally declined, reflecting increasing
environmental stress in rapidly urbanizing landscapes. The study emphasized the importance of
maintaining green infrastructure and water bodies to mitigate temperature increases and
support sustainable urban development.

Due to its semi-arid environmental conditions, dominant agricultural land use pattern, and
observable land transformation processes, Yozgat Province provides a suitable case study area
for investigating long-term land use and land cover changes by using RS and GIS. Understanding
spatial land dynamics in such rural transitional landscapes is essential for supporting sustainable
land management strategies and regional planning policies. Based on the literature reviewed, it
is clear that land use and land cover (LULC) change detection studies play a crucial role in
understanding spatial landscape dynamics and supporting sustainable land management
practices (Turkes et al., 2009; TURKSTAT, 2023; Ministry of Environment, Urbanization and
Climate Change, 2024; Verburg et al,, 2015; Lambin et al., 2003; Lu et al,, 2004). However, long-
term LULC change analyses focusing on the semi-arid regions of Central Anatolia are limited in
the current literature. Therefore, this study aims to investigate the spatial and temporal patterns
of land use and land cover change in Yozgat province of Tiirkiye using multi-temporal Landsat
satellite images covering the period 2000-2024. This study will classify the main land use
categories and perform change detection analysis to quantify land transformation trends over
time from thematic land use maps. In addition, spatial distribution patterns and area statistics of
land use classes will be evaluated using GIS-based analytical techniques. The findings are
expected to contribute to regional environmental monitoring studies and provide scientific
support for sustainable land use planning and natural resource management in semi-arid
environments.
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2. Materials and Methods

2.1. Study Area

Yozgat Province is located in the Central Anatolia Region of Tiirkiye and is characterized by
semi-arid climatic conditions and climate features (Turkes et al., 2009). The province lies
approximately between 39°00'-40°20" N latitudes and 34°00'-36°00" E longitudes. In terms of
areal extent, Yozgat is among the relatively large provinces of Tiirkiye, with a projected area of
about 13,597 km? and an actual surface area of approximately 14,123 km? (Ministry of
Environment, Urbanization and Climate Change, 2024) (Figure 1).

The longitudinal extent of the province is approximately 2°05’, corresponding to a local time
difference of about 8 minutes and 20 seconds between the easternmost and westernmost points.
The latitudinal difference is around 1°38’; however, this relatively small variation does not create
a significant impact on the regional climatic characteristics The straight-line distance between
the eastern and western boundaries is approximately 216 km, while the north-south extent is
about 144 km (Ministry of Environment, Urbanization and Climate Change, 2024). Steppe
vegetation, pasture areas, and limited forest patches also represent important land cover types.
Agricultural activities constitute the dominant land use pattern due to the rural socio-economic
structure of the province (TURKSTAT, 2023; Ministry of Environment, Urbanization and Climate
Change, 2024). It is farmed in 44.5% (598.059 ha) of the surface area of the province. Despite
rural migrations, more than one-third (33.9%) of the total population still lives in rural areas.
29.3% of the active population was employed in the agricultural sector (Erbas, 2023; Erbas &

Cinarer, 2024).
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Figure 1. Location map of Yozgat Province within Tiirkiye.
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2.2. Satellite Data and Pre-processing

Multi-temporal Landsat satellite images were used to analyze land use and land cover
(LULC) changes in Yozgat Province between 2000 and 2024. The satellite data were obtained
from the United States Geological Survey (USGS) Earth Explorer platform (Earthexplorer, 2024).
Landsat-5 TM, Landsat-7 ETM+, and Landsat-8/9 OLI sensor datasets with 30-m spatial
resolution were utilized in the study. Landsat imagery was preferred due to its moderate spatial
resolution, long-term archive availability, and suitability for regional-scale environmental
studies. To ensure temporal consistency and improve the comparability of multi-temporal land
use/land cover classifications, satellite images were preferentially selected from the summer
season (June-August), with particular emphasis on July acquisitions whenever cloud-free scenes
were available. The summer period was chosen because vegetation activity reaches its maximum
development stage, agricultural parcels become more spectrally distinguishable, and seasonal
snow cover or excessive soil moisture effects are minimized. All image processing and spatial
analyses were carried out using ArcGIS/ArcMap 10.8 software. Pre-processing steps included
layer stacking, radiometric and geometric corrections, and clipping of satellite images based on
the administrative boundary of Yozgat Province. Multi-temporal land use maps were generated
using supervised classification techniques. Training samples were selected for major land cover
classes, including agricultural land, built-up areas, vegetation, bare land, and water bodies. The
downloaded Landsat images were first subjected to band composite processing in
ArcGIS/ArcMap 10.8 in order to generate multi-band false color composite images suitable for
visual interpretation and classification. For Landsat-5 and Landsat-7 imagery, the 4-3-2 band
combination was used, whereas 5-4-3 was preferred for Landsat-8/9 images to enhance
vegetation and land surface discrimination. Subsequently, all composite images were clipped to
the administrative boundary of Yozgat Province using the provincial “shapefile” in order to
ensure spatial consistency and reduce the influence of surrounding areas outside the study
region. Following the clipping process, an Iso Cluster approach was applied to classify the images
into four major LULC classes: agriculture, settlement, bare land, and vegetation/water. The initial
spectral clusters generated by the Iso Cluster algorithm were then refined using Maximum
Likelihood Classification, which improved the thematic consistency of the final land cover maps.
Finally, temporal change detection analysis was performed by comparing the classified images
from 2000, 2006, 2012, 2018 and 2024. The areal changes of each class were quantified using
pixel-based comparison, percentage change calculations, and inter-period difference analysis.

Table 1. Characteristics of Landsat datasets used in the study.

Year Sensor Path/Row Acquisition Date Cloud Cover
2000 Landsat 5 TM 176/032 14 July 2000 Low
2006 Landsat 5 TM 176/032 31 July 2006 Low
2012 Landsat 7 ETM+ 176/032 23 July 2012 Low
2018 Landsat 8 OLI 176/032 17 August 2018 Low
2024 Landsat 9 OLI-2 176/032 09 August 2024 Low

Table 1 presents the characteristics of the Landsat datasets used in this study for LULC
analysis in Yozgat Province. All satellite images were acquired during the summer season to
minimize seasonal variability and ensure temporal consistency between different years. The
selected images belong to the same path/row (176/032) and were chosen under low cloud cover
conditions to improve classification accuracy and change detection reliability.
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2.3. Classification Procedure and Accuracy Assessment

Landsat satellite images acquired for the years 2000, 2006, 2012, 2018, and 2024 were used
to analyze land use/land cover (LULC) changes in Yozgat Province. Image preprocessing
procedures, including layer stacking, clipping, and image enhancement, were performed in the
ArcGIS environment prior to classification. Supervised classification was applied using the
Maximum Likelihood Classification (MLC) algorithm. Based on spectral characteristics and visual
interpretation, four major land use/land cover classes were identified: Wetland, Vegetation,
Agricultural Land, and Bare Land. Spectral separability between training classes was visually
evaluated using false color composites and histogram distributions prior to classification. Due to
the moderate spatial resolution (30 m) of Landsat imagery and the limited spatial extent of
surface water bodies in Yozgat Province, vegetation and water classes were evaluated together
to minimize spectral confusion and improve classification consistency. The land use/land cover
(LULC) statistics were initially generated as pixel counts, which represent the direct output of
the raster-based classification process. Since all Landsat images used in this study have a spatial
resolution of 30 m, the reported pixel counts can be readily converted into area values (km? or
hectares) using the corresponding pixel area (900 m? per pixel). Pixel counts were retained in
this study to preserve the original classification output and to facilitate direct comparison among
different study years, while equivalent area values can be derived using the standard conversion
factor when required. This approach was preferred to minimize spectral confusion and improve
overall classification consistency. Training samples were manually selected from homogeneous
areas representing each class. Approximately 40-60 training samples were collected for each
land cover class depending on spatial heterogeneity. To evaluate the reliability of the
classification results, an accuracy assessment was conducted using randomly generated
validation points and confusion matrix analysis. Validation points were visually interpreted
using high-resolution World Imagery basemaps in ArcGIS. Overall Accuracy (OA) and Kappa
Coefficient values were calculated for each classified image. Producer’s and user’s accuracy
values were also evaluated during confusion matrix analysis and confirmed acceptable
classification reliability for all classes. The obtained results demonstrated acceptable
classification performance for all years. Overall Accuracy values ranged between 75% and 89%,
while Kappa Coefficient values ranged from 0.65 to 0.75, indicating substantial agreement
between classified maps and reference data.

2.4. Change Detection Analysis

Temporal change detection analysis was conducted to quantify spatial transformations
between the selected years. LULC maps generated for each year were compared to identify
transitions between land use classes. Area statistics were calculated to determine the
magnitude and direction of land use changes. Additionally, transition matrices were
produced to evaluate class conversions and landscape transformation patterns. Spatial
distribution patterns and area change trends were analyzed using GIS-based statistical tools.
The results were presented through, graphical representations and tabular summaries to
facilitate interpretation of land use dynamics. The methodological approach provides a
comprehensive framework for understanding long-term land transformation processes in
semi-arid regions.

3. Results and Discussion

The LULC classification results of Yozgat Province for the years 2000, 2006, 2012, 2018 and
2024 revealed considerable spatial and temporal changes among the major land cover classes.
The findings indicate remarkable variations in settlement, bare land, agricultural land, and
vegetation/water areas throughout the study period.
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Table 2. Temporal distribution of LULC classes in Yozgat Province (pixel count).

Year Agriculture Settlement Bare Land Vegetation/Water
2000 2,726,445 1,792,432 3,424,240 1,216,915
2006 2,076,848 2,110,938 3,579,210 1,690,151
2012 2,719,496 2,624,764 1,167,140 1,050,783
2018 3,113,748 3,488,607 1,766,544 2,107,284
2024 2,974,026 3,842,717 1,570,582 2,041,009

As shown in Table 2, settlement areas exhibited a continuous increase throughout the study
period, rising from 1,792,432 pixels in 2000 to 3,842,717 pixels in 2024. Agricultural land
showed moderate fluctuations but remained one of the dominant land use classes in the
province. Bare land, which covered a large area at the beginning of the study period, decreased
substantially by 2024. In contrast, vegetation/water areas displayed an overall increasing trend
despite some temporal fluctuations.

3.1. LULC distribution in 2000

In 2000, bare land constituted the dominant land cover class in Yozgat Province with
3,424,240 pixels. Agricultural land ranked second with 2,726,445 pixels, indicating the strong
rural and production-oriented character of the province. Settlement areas occupied 1,792,432
pixels, while vegetation/water areas represented the smallest class with 1,216,915 pixels. These
findings suggest that bare surfaces and agricultural landscapes were the principal land cover
components at the beginning of the study period.

3.2. LULC distribution in 2006

In 2006, bare land remained the largest class with 3,579,210 pixels, while agricultural land
decreased to 2,076,848 pixels. Settlement areas increased to 2,110,938 pixels, indicating an early
stage of urban expansion in the province. Vegetation/water areas also rose to 1,690,151 pixels.
The 2000-2006 period therefore reflects an increase in settlement and vegetation/water classes,
accompanied by a decline in agricultural land.

3.3. LULC distribution in 2012

By 2012, agricultural land increased substantially to 2,719,496 pixels, while settlement
areas continued to expand and reached 2,624,764 pixels. Bare land sharply declined to 1,167,140
pixels, representing the most remarkable reduction among all classes. Vegetation/water areas
decreased to 1,050,783 pixels. These results indicate that a considerable portion of previously
bare surfaces was transformed into agricultural and built-up land during this period.

3.4. LULC distribution in 2018

In 2018, settlement areas reached 3,488,607 pixels, representing the highest value recorded
up to that date and indicating a strong urban growth trend. Agricultural land also increased to
3,113,748 pixels. Vegetation/water areas nearly doubled compared to 2012 and reached
2,107,284 pixels, whereas bare land rose moderately to 1,766,544 pixels. The results
demonstrate that the 2012-2018 period was characterized by rapid land transformation and
intensified spatial development.

3.5. LULC distribution in 2024
In 2024, settlement areas reached 3,842,717 pixels, representing the highest value of the
entire study period. Agricultural land slightly decreased to 2,974,026 pixels but remained one of

the dominant land use classes. Bare land declined to 1,570,582 pixels, while vegetation/water
areas remained relatively high at 2,041,009 pixels. These findings suggest that urban growth
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continued steadily, whereas agricultural and natural land covers experienced moderate
adjustments.

3.6. LULC Change Intensity Analysis

Change Intensity
N - Strong Decrease

- Moderate Decrease

- Slight Decrease
Slight Increase
25 12,5 0 25 Kilometers - Moderate Increase

- Strong Increase

Figure 2. LULC change intensity map of Yozgat Province between 2000 and 2024.

Figure 2 illustrates the spatial distribution and intensity of land use/land cover (LULC) changes
in Yozgat Province between 2000 and 2024. The map was clipped using the administrative
boundary of Yozgat Province to display only the study area, thereby improving the clarity and
interpretability of spatial change patterns. Green tones indicate areas characterized by
increasing change intensity, whereas yellow to red tones represent areas with decreasing change
intensity. The spatial pattern reveals that most parts of the province experienced slight to
moderate changes, while localized zones of high change intensity are concentrated around
settlement expansion areas and intensively cultivated agricultural lands. Conversely, areas with
decreasing change intensity are mainly associated with land conversion processes involving bare
land and agricultural surfaces. Overall, the map demonstrates that land cover transformations in
11
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Yozgat Province were spatially heterogeneous and largely driven by urban expansion,
agricultural development, and long-term landscape transformation during the study period.

3.7. Accuracy Assessment

As shown in Table 3, accuracy assessment was performed using generated validation points
and confusion matrix analysis in ArcGIS.

Table 3. Overall Accuracy and Kappa Coefficient values of classified LULC maps.

Year Overall Accuracy Kappa Coefficient
2000 0,77 0,66
2006 0,89 0,74
2012 0,75 0,65
2018 0,76 0,67
2024 0,83 0,75

Overall Accuracy (0OA) and Kappa Coefficient values were calculated for each classified image.
The obtained OA values ranged from 75% to 89%, while Kappa coefficients ranged between 0.65
and 0.75. These results indicate that the classification performance is acceptable and reliable for
land use/land cover change analysis. The highest classification accuracy was obtained for the
year 2006 with an OA value of 89 %, whereas the lowest accuracy was observed in 2012. Overall,
all classified images produced acceptable accuracy levels for LULC change analysis.

Following the class-specific area evaluations for each reference year, the long-term temporal
trajectories of the major LULC classes were further examined to reveal the overall direction and
magnitude of landscape transformation in Yozgat Province. Figure 3 illustrates the temporal
variation in pixel counts for agriculture, settlement, bare land, and vegetation/water classes
between 2000 and 2024. As illustrated in Figure 3, settlement areas showed a persistent
increasing trend from 2000 to 2024, whereas bare land declined considerably over the same

period.
N
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Figure 3. Temporal change trends of LULC classes in Yozgat Province (2000-2024).
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Figure 3, the temporal change graph illustrates the long-term trajectories of the major land
use/land cover classes in Yozgat Province between 2000 and 2024. The most remarkable trend
is the continuous increase in settlement areas, which reflects persistent urban growth and
infrastructure development throughout the study period. In contrast, bare land displayed a
substantial declining trend, particularly after 2006, indicating progressive land conversion into
agricultural and built-up surfaces.

Agricultural land remained relatively stable with moderate fluctuations, confirming the
sustained importance of agricultural activities in the province. Vegetation and water-related
areas showed an overall increasing tendency, especially after 2012, suggesting improvements in
surface cover density, irrigation expansion, or seasonal water availability.

Overall, the temporal graph confirms that the dominant long-term landscape transformation
processes in Yozgat Province are characterized by continuous urban expansion, a marked
reduction in bare land and the relative persistence of agricultural land.

Table 4. Inter-period changes in LULC classes in Yozgat Province.

Period Agriculture Bare Land Settlement Vegetation/Water
2000-2006 -649,597 +154,970 +318,506 +473,236
2006-2012 +642,648 -2,412,07 +513,826 -639,368
2012-2018 +394,252 +599,404 +863,843 +1,056,501
2018-2024 -139,722 -195,962 +354,110 -66,275

Table 4 summarizes the magnitude and direction of inter-period LULC changes in Yozgat
Province. The 2000-2006 period was mainly characterized by a decrease in agricultural land and
increases in settlement, bare land, and vegetation/water classes. The most remarkable inter-
period change was observed in the Bare Land class during the 2006-2012 period. This sharp
decrease may be associated with the conversion of open and sparsely vegetated areas into
agricultural land and settlement areas. In semi-arid regions such as Yozgat Province, bare lands
are highly dynamic and may rapidly change depending on agricultural expansion, land
reclamation practices, seasonal vegetation development, and changes in surface moisture
conditions. The increase observed in agricultural and settlement classes during the same period
supports the interpretation that a considerable part of bare land was transformed into cultivated
and built-up surfaces. In addition, differences in vegetation phenology and surface reflectance
during the image acquisition period may have contributed to the reclassification of some bare or
sparsely covered areas as agricultural or vegetation/water classes.

Therefore, the decrease in bare land between 2006 and 2012 should be interpreted not only as a
statistical change, but also as an indicator of land transformation driven by agricultural use,
urban expansion, and environmental conditions. The most dramatic transformation occurred
between 2006 and 2012, when bare land decreased sharply by 2,412,070 pixels, while both
agriculture and settlement expanded. Between 2012 and 2018, settlement and vegetation/water
classes recorded the strongest increases. During the final period, 2018-2024, settlement
continued to increase, while agriculture, bare land, and vegetation/water showed slight
decreases.
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Table 5. Percentage change of LULC classes between 2000 and 2024.

LULC Class 2000 2024 Change (%)
Agriculture 2,726,445 2,974,026 +9.08
Settlement 1,792,432 3,842,717 +114.38
Bare Land 3,424,240 1,570,582 -54.13
Vegetation/Water 1,216,915 2,041,009 +67.72

According to Table 5, settlement areas showed the highest proportional increase, rising by
114.38% between 2000 and 2024. The 114.38% increase observed in settlement areas
represents one of the most significant LULC changes identified during the study period. This
remarkable expansion is likely associated with long-term wurban growth, population
concentration, infrastructure development, and the increasing demand for residential,
commercial, and public service areas in Yozgat Province. In addition, improvements in
transportation networks and regional development policies may have accelerated the expansion
of built-up areas, particularly around the provincial center and surrounding districts. The
conversion of agricultural and bare lands into settlement areas observed in this study is
consistent with the general urbanization trends reported for many provinces in Central Anatolia
and other semi-arid regions of Tiirkiye. Vegetation/water classes also increased considerably by
67.72%. In contrast, bare land decreased by 54.13%, revealing a substantial reduction in unused
or exposed surfaces. Agricultural land exhibited a relatively limited increase of 9.08%, suggesting
that the province preserved its agricultural function despite ongoing urban expansion.

Overall, the LULC results reveal that the most important land transformation process in Yozgat
Province between 2000 and 2024 was the continuous expansion of settlement areas together
with the significant decline of bare land. Agricultural land remained relatively stable, while
vegetation/water classes displayed moderate long-term growth. These findings indicate that
urbanization and land conversion processes have played a major role in shaping the spatial
landscape dynamics of the province.

As illustrated in Figure 4, settlement areas exhibited a persistent increasing trend throughout all
sub-periods, while bare land showed the most significant decline, particularly during 2006-
2012.
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Figure 4. Inter-period areal change graphs of LULC classes in Yozgat Province. (a) 2000-2006, (b) 2006-
2012, (c) 2012-2018, and (d) 2018-2024.

The inter-period areal change graphs clearly demonstrate the dynamic nature of land use/land
cover transitions in Yozgat Province between 2000 and 2024. During the 2000-2006 period, the
most significant increase occurred in bare land, while agricultural land showed a notable decline,
indicating possible land degradation or temporary abandonment of cultivated fields. In the
2006-2012 interval, the dominant trend shifted toward a substantial increase in agricultural
land, accompanied by a strong decrease in bare land, suggesting land reclamation and intensified
agricultural activities.

Between 2012 and 2018, settlement areas exhibited the highest increase among all classes,
reflecting accelerated urban growth and infrastructure development. At the same time,
vegetation/water classes also expanded slightly, whereas agricultural land experienced a
moderate decline. In the final period (2018-2024), the most remarkable transformation was the
continued expansion of settlement areas, while agricultural land and bare land both declined,
indicating that urban sprawl increasingly encroached upon previously cultivated and open lands.
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Overall, Figure 4 confirms that the dominant inter-period landscape transformation process in
Yozgat Province is the expansion of settlement areas accompanied by a marked decline in bare
land, particularly after 2012. The inter-period comparison demonstrates that settlement growth
remained the most persistent trend throughout the study period, whereas bare land showed the
strongest fluctuations between consecutive years.

3.8. Discussion

The results obtained from the LULC analysis indicate significant land use and land cover
changes in Yozgat Province between 2000 and 2024. Agricultural lands remained the dominant
land cover class throughout the study period, reflecting the agricultural character of the province.

However, noticeable changes were observed among settlement, vegetation, bare land, and
water-related classes over time. The expansion of settlement areas can be associated with
population concentration, urban growth, infrastructure development, and changing socio-
economic dynamics in the province. In particular, increasing construction activities and
transportation investments contributed to the spatial enlargement of urban areas. Similar
urbanization-driven land transformations have also been reported in previous LULC studies
conducted in semi-arid regions. Changes observed in vegetation areas may be related to
agricultural pressure, land degradation and semi-arid climatic conditions.

The climatic characteristics of Central Anatolia, including limited precipitation and seasonal
drought conditions, have likely influenced vegetation density and spatial distribution.
Furthermore, intensive agricultural practices may have caused the conversion of natural
vegetation areas into cultivated lands. Bare land variations observed during the study period are
considered to be associated with seasonal land management practices, soil exposure, and
climatic variability. In semi-arid environments such as Yozgat, fluctuations in precipitation and
land productivity may directly affect the extent of exposed soil surfaces.

The temporal changes detected in water-related areas were relatively limited compared to
other classes. The integration of vegetation and water classes represents a methodological
limitation of the study and is mainly related to the moderate spatial resolution of Landsat
imagery and the limited spatial extent of surface water bodies within the study area. The decision
to combine vegetation and water into a single land cover class represents a methodological
consideration adopted to improve the overall classification consistency. Due to the 30 m spatial
resolution of Landsat imagery and the relatively limited extent of surface water bodies within
Yozgat Province, separating these two classes resulted in increased spectral confusion,
particularly along transitional zones and small water features. Therefore, merging vegetation
and water into a single class reduced classification uncertainty and improved thematic
consistency across all study years.

Although this approach limits the possibility of distinguishing ecological and hydrological
changes independently, it does not substantially affect the interpretation of the overall long-term
LULC dynamics, since the primary objective of this study was to evaluate broad land use and land
cover transformations rather than detailed ecosystem-specific processes. Future studies
employing higher spatial resolution satellite imagery, such as Sentinel-2 or commercial datasets,
may provide a more detailed separation of vegetation and water classes and enable more
comprehensive ecological and hydrological assessments. Nevertheless, climatic variability and
seasonal hydrological conditions may have influenced the spatial extent of surface water features
during different years. The accuracy assessment results demonstrate that the classification
outputs are reliable and scientifically acceptable. Overall accuracy and Kappa coefficient values
obtained for all years indicate substantial agreement between classified data and reference
samples. These findings confirm the suitability of the applied classification methodology for long-
term LULC monitoring in Yozgat Province. In comparison with previous studies conducted in
Tiirkiye and other semi-arid regions, the findings of this study are generally consistent with the
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reported trends of agricultural expansion, urban growth, and vegetation decline. The present
study contributes to the literature by providing a long-term multi-temporal analysis of LULC
dynamics in Yozgat Province using GIS and remote sensing techniques. One of the most
remarkable findings of this study is the substantial decrease in bare land during the 2006-2012
period. This decline is likely associated with the conversion of previously unused or sparsely
vegetated areas into agricultural and settlement lands. The simultaneous increase observed in
agricultural and built-up classes during the same period supports this interpretation. In addition,
land reclamation practices, afforestation activities, and improvements in land management may
also have contributed to reducing the extent of exposed bare surfaces.

Similarly, the continuous increase in settlement areas throughout the study period reflects
the long-term effects of urban expansion, infrastructure development, and population
concentration in and around Yozgat city. These processes have gradually transformed
surrounding agricultural and bare lands into residential, commercial, and transportation-related
land uses. Overall, the observed LULC dynamics indicate that both socio-economic development
and environmental factors jointly influenced landscape transformation in Yozgat Province
during the 2000-2024 period. These findings highlight the importance of sustainable land-use
planning to balance future urban expansion with the conservation of agricultural land and
natural ecosystems in semi-arid regions.

4. Conclusions

This study investigated the spatio-temporal land use/land cover (LULC) dynamics of Yozgat
Province between 2000 and 2024 using multi-temporal Landsat imagery and GIS-based
classification techniques. The findings revealed significant land cover changes throughout the
study period, particularly in settlement, vegetation, bare land, and agricultural areas.
Agricultural lands remained the dominant land cover class, reflecting the agricultural structure
and socio-economic characteristics of the province. The results demonstrated that settlement
areas showed a remarkable increase over the 24-year period, which may be associated with
urban expansion, infrastructure development, and population concentration. In contrast,
fluctuations observed in vegetation and bare land classes indicate the effects of agricultural
pressure, land management practices, and semi-arid climatic conditions. The accuracy
assessment results, including Overall Accuracy and Kappa coefficient values, confirmed that the
classification outputs are scientifically reliable and suitable for long-term LULC monitoring
studies. The results demonstrate that remote sensing and GIS techniques provide effective tools
for long-term monitoring of LULC dynamics in semi-arid environments such as Yozgat Province.
Furthermore, this study contributes to the existing literature by providing a long-term multi-
temporal assessment of land cover dynamics in Yozgat Province using GIS and remote sensing
techniques. The findings may support sustainable land management, environmental planning,
and regional development strategies.

Future studies may integrate higher-resolution satellite imagery, machine learning
algorithms, and climate-related datasets to improve the monitoring and interpretation of land
cover dynamics in the region.
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