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Rapid urban growth is a subject of worldwide interest due to environmental problems. Population 
growth, especially migration from rural to urban areas, leads to land use and land cover (LULCC) 
changes in urban centres. Therefore, LULCC and urban growth analyses are among the studies that 
will help decision-makers achieve better sustainable management and planning. The objective of this 
study was to ascertain the impact of urbanization, which resulted from migration, on the alterations 
in LULCC, with a particular focus on the changes in forest areas surrounding the Bartın city centre 
between 2000 and 2020. Spatial databases for two periods were used to determine changes in urban 
growth. The spatial and temporal LULCC patterns of land use were quantified by interpreting spatial 
data. Remote sensing (RS) and geographical information systems (GIS) have been used for data 
collection, analysis, and presentation. The LULCC was assessed under nine classes using optical remote 
sensing methods on stand-type maps created from aerial photos. To determine how urban growth 
affects LULCC, land use status and transition matrices were created for each of the five sprawl zones 
around Bartın city. The annual change in forest areas is determined by the “annual forest rate”. The 
results indicate that the urbanization of Bartın city from 2000 to 2020 increased by approximately 19% 
(2510645.82 m2). However, this did not harm the forests; cover increased by 10.32% (174729.65 m²) 
over the same period. The process of urbanization was particularly evident in open areas and 
agricultural zones. During this period, there was a 37% reduction in agricultural areas (2943229.85 m²) 
and a 59% reduction in open areas (1265457.76 m²). The sprawl of Bartın city can be attributed to 
changes in its demographic structure, which mainly includes the migration of the rural population 
to urban areas and the emergence of new job opportunities. Factors such as challenging urban living 
conditions, insecure environments because of the increase in temporary foreign asylum seekers, and 
retirees returning to their hometowns are believed to have contributed to this population growth.

Keywords Landuse/land cover change, Spatiotemporal analysis, Urban forest, Environmental monitoring, 
Urban sprawl, Remote sensing

Since the mid-19th century, urbanization has continued to increase. The percentage of people living in cities 
has risen from 30% in the 1950s to 47% in 2000, accounting for 55% in 2018, and is projected to reach 60% in 
20301. Although the urban population is growing, the rural population is declining. In 1950, the world’s rural 
population was 3.4 billion, which is predicted to decrease to 3.1 billion by 20502.

Urbanization can affect the environment in many ways3. The replacement of natural areas by impermeable 
areas like roads and buildings, domestic animals preying on wild animals4, pollution endangering human health 
and that of other living things as well as the ecosystem5,6, issues with infrastructure and transportation, local 
air pollution brought on by insufficient air circulation7,8, and degradation of comfort areas due to heat island 
formations are a few of these impacts9. In recent years, urban problems have become so severe that urbanization 
is now considered one of the two irreversible global challenges10–12. There is a need to assess the sprawl status of 
the cities that continue to receive immigration from outside, make plans for the upcoming years and consider 
risks like fire, flood, and bio-comfort conditions in addition to population projections and changes to the cities’ 
settlement in this plans13–16.
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Migration is the primary driver of urban sprawl. It refers to the movement from rural, dispersed settlements 
focusing on agriculture to larger, urban settlements focusing on agriculture, industry, or services2,17,18. Studies 
have shown that social, political, and economic factors primarily trigger migration19. Whether internal or 
external, migration has always presented opportunities and challenges to cities and governments20. Although 
rural-to-urban migration is the most significant internal migration, urban-to-rural migrations also occur in the 
last decades21.

Two distinct situations arise as a result of migration. Firstly, there is an increase in the urban population 
due to the movement towards cities22. Secondly, there is a decrease in the population of the place left behind23. 
This situation has several social and economic consequences. The reduction in population in rural areas 
results in decreased production and depletion of the labour force, which hinders rural development and the 
efficient use of resources24. Furthermore, unplanned population growth in migration destinations can result 
in inadequate infrastructure, increased strain on existing resources, decreased labour prices, and heightened 
pollution levels25–28. Internal migration results in urbanization and creates pressure on rural areas close to the 
city centre due to economically developing people returning to nearby rural settlements, secondary housing, 
and recreational activities29. While extensive literature has examined the economic and environmental drivers 
of rural-urban migration30–36, the impact of rural migration on different land uses and the environment remains 
insufficiently explored. Although numerous studies have addressed this topic, cities and towns are shaped by 
diverse geographical, cultural, and human factors. Consequently, the effects of land use changes vary across 
different settlements. Therefore, relying solely on comprehensive studies or findings from other regions to plan 
distinct areas in the future would be misleading. Conducting localized studies will yield a more accurate data 
source for informed planning.

The population structure in Türkiye has undergone rapid changes due to migration from rural to urban areas 
and abroad, particularly since the 1950s. In the 1930s, 75% of the population lived in rural settlements, which 
accounted for 93.5% of Türkiye. However, by 2022, this ratio had dropped to 17.3%, and of this population, 30.1% 
were elderly37. The increase in urbanization is giving rise to numerous challenges in both the city centre and the 
surrounding rural areas. It is essential to analysis how these regions are evolving, which land uses are changing, 
and the direction of these changes to define these issues. These can significantly impact global environmental 
objectives, including forest conservation and biodiversity targets38. Continuous monitoring and evaluation of 
the city and its environs are necessary to assess the effects of urbanization on natural areas.

This study aims to reveal the urban sprawl in the city centre of Bartın between 2000 and 2020 and the effects 
of this sprawl on other land uses. The study reveals the spatial and structural changes in forest areas, which are 
generally the most affected by urban sprawl and its providing many ecosystem services for people3,39–43, and 
the spatial changes in other land uses. In addition to identifying land uses and transformations, the study also 
presents specific assessments for the city centre and development axes.

Materials and methodology
Study area
Researchers conducted the study in the central and rural areas of Bartın, in the western part of the Black Sea 
region. Figure 1, created with ArcGIS® 10.5 software  (   h t t p  s : / / d e  s k t o p .  a r c g i s  . c o m / e n / a r c m a p / 1 0 . 5 / g e t - s t a r t e d / m 
a i n / g e t - s t a r t e d - w i t h - a r c m a p . h t m     ) , shows the boundaries of Bartın and the study area44,45. Bartın, positioned at 
32°22’ east longitude and 41°37’ north latitude in the Western Black Sea Section of the Black Sea Region, boasts 
a total area of 43 km² and an elevation of 25 m above sea level. In the western part of the Black Sea region, Bartın 
encompasses 137 villages within its borders46. The economy of Bartın primarily relies on agriculture, livestock, 
mining, and tourism. The city derives its name from the ancient name of the Bartın River (Parthenios), with 
its history dating back to the 14th century BC. The State Forest Enterprise manages state-owned forested areas 
within Bartın’s boundaries. The Küre Mountains National Park, one of the 100 forest hotspots in Europe requiring 
protection, lies within Bartın’s borders. The park hosts 129 bird species, 1050 plants, 71 mammals, and reptiles, 
including 43 endemic plant species. Küre Mountains National Park holds the Platinum Wilderness Certificate47. 
Bartın province, with its coastline along the Black Sea, attracts migration from surrounding provinces and other 
districts.

Methods
This study delineates the effects of spatiotemporal analysis of rapid city growth and impacts on forest lands and 
other land use types. Figure 2 shows the flowchart diagram of the study.

First, the data used in this research were land cover-type maps on a 1/25,000 scale from 2000 to 2020. These 
maps were created by the stereo interpretation of 1/15,000 colour digital aerial photographs. We obtained 
these maps from the management plans of the Bartın Forest Management Directorate. They were subsequently 
incorporated into a database utilizing Universal Transverse Mercator (UTM) projection (ED 50 datum) and 
1:25000 scale topographic maps, applying first-order nearest neighbour rules. Following this, we digitized the 
maps and established a spatial database using Arc/Info GIS after completing the necessary adjustments. Polygon 
themes composed of forest cover from 2000 to 2020 were superposed, and ArcGIS® 10.5 software was utilized 
to overlay changes in LULCC onto maps to calculate temporal alterations in the landscape48–51. The reasons 
for the preference for ArcGIS software are ease of use, widespread adoption, the ability to perform various 
spatial analyses on visual results, and extensive global usage. Additionally, ArcGIS can handle large datasets and 
complex analyses, allowing users to edit and maintain their geographic data efficiently within the software52–57.

In the final stage of the study, we constructed land use matrices between 2000 and 2020 to ascertain the extent 
of change in land use patterns over this period. The land use maps we employed in this study define 12 classes 
for economically productive forest areas, 26 for ecologically functional areas, 17 for socio-cultural purposes, 
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16 for treeless forest areas, and 10 for non-forest areas58. Since we could not analysis this number of classes, we 
simplified the number of classes and used a coarse-level classification method49,59. In this context, we created 
nine LULCC classes (see Table 1), and we compared image transects captured between 2000 and 2020 to identify 
changes in land use and land cover (LULC). We identified a central point in the city square to facilitate detailed 
observation of changes in the city centre. We subdivided the area into five urban sprawl zones (USZs) measuring 
1 km wide. We assessed the land uses, changes, and transformations in these USZs separately and collectively. 
We employed the Kappa index to assess the correctness of the terrain classification60. We randomly assigned 300 
points in the ArcGIS program to calculate the Kappa index, resulting in a Kappa index of 0.887. Given that the 
calculated Kappa index falls within the range of 0.81 to 1.00, we can consider it to represents great agreement.

The deforestation rate for consecutive years of forest cover mapping was calculated using the forest area for 
times one and two. In order to determine the average annual deforestation rate, it was assumed that this rate 
would fluctuate over time, and the following formula was employed61:

 
Deforestation rate = (logFt2 − logFt1) × 100

t2 − t1
 (1)

Fig. 1. National country and city boundaries of the study area.
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In the formula, F1 and F2 represent the forest cover at times t1 and t2, respectively (in km2). Urban Sprawl 
Intensity.

We also analysed the intensity of urban sprawl to facilitate a comparative analysis of the relationship between 
urban sprawl and other land uses. Urban Sprawl Intensity (USI) is defined as the rate of changes in built-up 
area per unit of time and serves as a significant indicator reflecting the urban sprawl rate or velocity during 
different62,63. The urban sprawl intensity for all USZs in Bartın City Centre was analysed.

 
UEIt∼ t+n = (ULAt+n − ULAt)

ULAt
× 1

n
× 100% (2)

In the formula, USIt~t+n represents the urban sprawl intensity from time t to time t + n, while ULAt and ULAt+n 
denote the built-up area at times t and t + n modelling.

Results
The study examined the changes in land use and land cover within the urban centre of Bartın in the years 2000 
and 2020. The land use conditions and alterations in five sprawl zones, starting from the city centre and spaced 
at intervals of 1 km, are presented in Figs. 3, 4 and 5; Tables 2, 3 and 4.

Table 2 shows that in 2000, Bartın’s city centre consisted mainly of AG (59.7%), forests (19.6%), US (17.4%), 
and OA (2.8%). In 2020, the proportion of US increased to 20.39%, while the proportion of forests increased to 
21.88%, and AG decreased to 55.91%, with open space accounting for only 1.1%.

Land use/cover classes

AG Agricultural land

US Settlement areas

DB Degraded broad-leaved tree stands

DC Degraded** coniferous tree stands

OA Forest land, meadow, mining field

PB Productive broad-leaved tree stands

PC Productive* coniferous tree stands

PM Productive mixed tree stands

W Water

Table 1. Land use/land cover classes description. *Productive forest (PF): Productive forest with a > 10% 
estimated tree crown cover **Degraded forest (DF): Degraded forest with a < 10% estimated tree crown cover

 

Fig. 2. Flowchart diagram of the study.
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Upon closer examination of Table 3, it is evident that the areas designated as US have increased in the city 
centre’s 1st, 3rd, 4th, and fifth sprawl zones. Specifically, by 2020, the AS areas in the first sprawl zone increased 
by 2.6% compared to the year 2000, by 27.3% in the third sprawl zone, by 70.71% in the fourth, and by 51.7% 
in the fifth. However, the second sprawl zone experienced a 1.2% decrease in US areas. The forest areas (FA) 
experienced a significant increase in the 2nd, 3rd, 4th, and fifth sprawl zones, with growth rates of 73.4, 19, 15.3, 
and 6.1%, respectively. On the other hand, the AG areas showed a decrease in all sprawl zones, with a reduction 
of 5.4, 4.2, 8.9, 7.4, and 4.6% in the 1st, 2nd, 3rd, 4th, and fifth sprawl zones, respectively. OA increased by 567.6% 
in the second sprawl zone. However, in the third, fourth, and fifth sprawl zones, OA decreased by 16.1, 83.6, and 
60.4%, respectively.

From 2000 to 2020, the US areas in the centre of Bartın increased by 18.93% (2510645.82 m2), while the FA 
increased by 10.33% (1747296.48 m2). However, the AG areas decreased by 6.37% (2943229.85 m2), and OA 
decreased by 60.4% (1265457.76 m2) during the same period.

By 2020, there were significant changes in the Land Use and Land Cover (LULC) in Bartın centre, rural and 
urban areas. Figure 5; Table 4 show LULCC in terms of 2000–2020 and interclass transition matrices in urban 
sprawl areas.

Upon analysing Fig. 5; Table 4, it becomes apparent that the most significant spatial change between 2000 
and 2020 occurred in agricultural areas, with 6,490,023.7 m2 being converted. Specifically, 7.8% (3604109.3 m2) 
of AG has converted to US and 3.1% to DB.

Fig. 3. LULC in the Bartın centre in 2000.
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Upon examination of US areas, it is evident that there has been a conversion from forested areas to US. 
54,111.1 m2 has been transformed from degraded forest areas, comprising 0.38% of DB, 0.25% of DC, 0.75% of 
PB, 0.17% of PC, and 0.41% of PM. Additionally, 6.1% of OA (130361.3 m2) have also converted to US. During 
this period, the total area converts to US amounts to 3,905,042 m2. Simultaneously, 0.4% of US (52499.5 m2) has 
transformed into forested areas.

When we examine forested areas, it becomes apparent that all the PM has transformed into other land use 
and land cover (LULC) categories by 2020. Specifically, 1364826.7 m2 of the forest land class changed to other 
land uses. In contrast, 3105033.5 m2 changed from different LULC classes to forested areas.

Tables 5, 6, 7, 8 and 9 shows the changes in land use status, urban areas, and forest areas in the sprawl zones 
created outward from the city centre.

Tables 5, 6, 7, 8 and 9 display the variations in land transformations within the USZ. In the first USZ, where 
there is no forested area, there is a conversion of 12361.2 m2 from AG to US.

In the second USZ, the conversion from AG to other land uses amounts to 679131.7 m2, from forested areas 
to other land uses is 233145.4 m2, and from OA to other land uses is 14448.4 m2. The total area converted to US 
from forests (3635.5 m2), OA (1501.6 m2), and AG (433957.8 m2) between 2000 and 2020 is 439094.8 m2.

Fig. 4. LULC in the Bartın centre in 2020.
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In the third USZ, 15.22% of the land that turns into other uses is AG, 15.7% is developed US, 59.9% is OA 
(358774 m2), and 35% (358774 m2) is FA. A total of 1,057,075 m2 area, including 27374.6 m2 from forests, 
1,005,857 m2 from agricultural areas and 23843.4 m2 from forests, has been transferred to the US class. Of the 
areas classified as US, AG and OA in 2000, 618768.3 m2 became FA in 2020.

In the fourth USZ, 14.3% of AG, 15.7% of US, 86.3% of OA (813761 m2), and 10.1% of FA (460476.4 m2) 
were converted to other land uses. Of the areas converted to US, 91.4% were previously AG (1237080.59 m2), 
1.3% were FA (17785.5 m2), and 6.7% were OA (91012.3 m2). The area converted from other uses to forest is 
1,155,863 square meters. The majority of this area, 67.2%, comes from AG, while only 0.6% comes from US and 
29.5% from OA.

Upon analysis of the fifth USZ, it is evident that 12.3% (2024939.5 m2) of AG, 15.3% (210319.8 m2) of US, 
91.4% (757414.3 m2) of OA, and 13% (589448.6 m2) of FA were converted to other land use classes. In the 

Fig. 5. The transition matrix of LULC changes in Bartın city center from 2000 to 2020.
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2000–2020 period, 41.8% of the total area in the fifth development zone transformed into different land use 
classes, amounting to 9189168.1 m2. Notably, 97.1% of the regions converted to US were previously AG, while 
only 1.5% (14004.1 m2) of the conversion came from OA. The forest area conversion to US is 0.6% (5315.6 m2). 
The conversion of other LULC to forest is 1,105,174 m2. Of this, 81.4% (899158.9 m2) was converted from AG, 
18% (199022.1 m2) from OA, and 0.6% (6993 m2) from US.

Table 10 displays the analysed annual urbanization and deforestation rates for Bartın city centre and sprawl 
areas.

Upon examining Table 10, it becomes apparent that urbanization has increased in all sprawl zones within 
the city centre except the second sprawl zone. The fourth sprawl zone has experienced the highest rate of 
urbanization. The urbanization rate in Bartın city centre is 0.95, compared to only 0.04 in Bartın province.

When examining the annual deforestation rates, it can be observed that there is a decrease in forest areas in 
Bartın province, with a rate of -0.003. However, in the city centre of Bartın, there has been an increase in forest 
areas, with a rate of 0.54. The deforestation rate was 2.75 in the second sprawl zone and 0.29 in the fifth sprawl 
zone.

Demographic development
The Bartın province comprises 137 villages within its borders64. The population is distributed, with 49.7% 
residing in the centre and the remainder in the villages. Figure 637 illustrates the population distribution between 
1970 and 2020 in the central district of Bartın.

An analysis of Fig. 6 shows that the total population increased between 1970 and 1985 but started declining. 
After 2000, the total population started to increase again. The total population increased by 20%, reaching 
156,551 people. During the same period, the rural population decreased while the central population increased. 
The rural population decreased by 16.7% during this period, reaching 78,742 persons.

On the other hand, the urban population increased by 116.2% from 35,992 to 77,809 persons. The urban 
population, which was 27.6% in 2000, reached 49.7% in 2020. According to these data, the city has experienced 
much migration from rural areas. Apart from this internal migration, the university built in the city and the 
asylum seekers coming from the wars in the neighbouring countries have effectively increased the population.

Discussion
The ‘New Urban Agenda’, published by the ‘United Nations Human Settlements Programme’ in 2017, outlines 
17 targets for the Sustainable Development Goals to be achieved by 2030. The 11th target focuses on ‘sustainable 
cities and communities’. In order to realize this goal, authorities and communities are encouraged to re-evaluate 
their current urban development practices and adopt more sustainable approaches and strategies65. The study 
analysed and assessed the impact of urban sprawl on the natural environment, in particular forest ecosystems 
and agricultural areas, which are crucial for sustainable food production. The results show significant changes 
in artificial areas, with agricultural and open areas being converted. Artificial surfaces have largely replaced 
agricultural and open areas. Between 2010 and 2020, the area of residential and business buildings in Bartın 
city centre and municipal boundaries increased from 293,607 m2 to 391,365 m2. The sprawl areas of the city 
show an increase in artificial surface areas as they move away from the centre. In particular, there is a 70% 
increase in and around the city centre boundary. This increase continues with the opening of new development 
areas. Sustainable food security and access to clean drinking water are essential human rights. When we look 
at the area, we see that new settlements are being built on agricultural land and open spaces. This situation can 
cause significant problems in the future. Today, the decrease in agricultural activity near the city centre has an 
increasing impact on food prices. In addition, the structures built on the water’s edge are causing significant 
problems. These structures, built without considering the flood plains along the riverbanks, cause loss of life 
and property, mainly when floods result from excessive rainfall. Situations similar to the study’s findings also 
exist around the world. A remote sensing-based assessment of agricultural land loss around Greater Cairo since 
the Egyptian revolution in 2011 shows that 62% of Cairo and 87% of Giza have been built on privately owned 
agricultural land. This urban sprawl has led to the loss of 19 per cent of agricultural land and the fragmentation of 

LU class

2000 2020 Change of LU class

m2 % m2 % m2 %

AG 46210882.93 59.71 43267653.07 55.91 -2943229.85 -6.37

US 13265315.56 17.14 15775961.38 20.39 2510645.82 18.93

DB 2446692.31 3.16 4285272.36 5.54 1838580.05 75.15

DC 1430622.69 1.85 364202.85 0.47 -1066419.84 -74.54

OA 2144716.34 2.77 879258.58 1.14 -1265457.76 -59.00

PB 1320953.97 1.71 8765343.49 11.33 7444389.52 563.56

PC 3916308.94 5.06 3468397.95 4.48 -447910.99 -11.44

PM 6064591.00 7.84 43248.74 0.06 -6021342.26 -99.29

W 586590.03 0.76 537335.36 0.69 -49254.68 -8.40

Total 77386673.76 100.00 77386673.76 100.00

Table 2. Bartın city centre LULCC in terms of 2000–2020.
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the remaining areas. As a result, soil fertility has declined, irrigation water has become polluted, labour costs have 
increased, and crop types have changed66. Similarly, a study in Japan found that diversified agricultural activities 
decreased as farmland moved closer to urban boundaries67. At the same time, research in Ghana showed that 
urban sprawl reduced farmland and agricultural diversity and caused income losses for some farmers due to 
changes in agricultural policies68. Notably, internal migration, where people move to urban centres in Bartın has 
depopulated villages, resulting in declining farmers. A similar situation has been observed across Türkiye, which 
has led to a contraction of the rural economy, a decrease in income and a decline in agricultural diversity34. The 
decline in agricultural diversity and production impacts the change in food inflation figures in Türkiye. Food 
prices have been rapidly increasing since the second half of the 2000s. In 2005, the rate of increase in food prices 
was 5% per year on average, while in 2019, the food price index increased by 20% per year69. This situation is 
likely to worsen if the reduction of agricultural land around cities continues.

2020

AG US DB DC OA PB PC PM W Total

2000

AG 3218611.4 433957.8 180556.8 - 27172.3 592.9 25464.8 - 11387.1 3897743.1

US 460265.8 4571026.4 7654.4 - 45140.6 3005.9 11329.4 - 2929.6 5101352.1

DB 30454.0 545.8 - - 4170.8 - 108563.5 - - 143734.1

DC 186.1 1292.4 5724.4 - 16730.4 12545.3 5363.0 - - 41841.6

OA 9234.1 1501.6 3712.7 - - - - - 14448.4

PB - - - - - - - - -

PC - - - - 898.1 - 3919.9 - - 4818.0

PM - 1797.2 - - 2343.6 - 42530.7 - - 46671.6

W 16019.9 32588.8 - - - - - 110885.8 159494.5

Total 3734771.3 5042710.0 197648.3 - 96455.9 16144.0 197171.3 - 125202.5 9410103.3

Table 6. LULCC classes transition matrix of USZ 2 in Bartın centre between 2000–2020.

 

2020

AG US DB DC OA PB PC PM W Total

2000

AG 271224.6 31090.9 - - - - - - 3700.7 306016.2

US 17229.7 2716913.0 - - - - - - - 2734142.7

DB - - - - - - - - - -

DC - - - - - - - - - -

OA - - - - - - - - - -

PB - - - - - - - - - -

PC - - - - - - - - - -

PM - - - - - - - - - -

W 938.9 56187.0 - - - - - - 41616.0 98741.9

Total 289393.2 2804191.0 - - - - - - 45316,7 3138900.8

Table 5. LULCC classes transition matrix of USZ 1 in Bartın centre between 2000–2020.

 

2020 (m2)

AG US DB DC OA PB PC PM W Total

2000 (m2)

AG 39720859.3 3604109.3 1428589.4 15000.5 357730.4 745653.3 187740.5 7089.7 144110.7 46210882.9

US 1287752.3 11870919.5 19257.4 49085.6 15892.8 17349.2 5058.7 13265315.6

DB 349932.6 9175.5 1074277.3 3448.2 29016.1 845032.2 135810.4 2446692.3

DC 140792.9 3567.3 589244.6 126964.3 35281.0 346947.9 187502.4 322.4 1430622.7

OA 1024675.8 130361.3 358660.2 74163.0 344328.0 183401.9 29126.2 2144716.3

PB 106743.6 9957.2 203928.2 9962.0 931426.9 49870.5 9065.5 1320954.0

PC 114199.3 6544.2 64351.7 122665.7 13536.2 991247.1 2576993.5 26771.2 3916308.9

PM 470931.5 24867.0 517401.9 21961.1 40319.4 4705104.9 284005.3 6064591.0

W 51765.8 116460.2 29561.6 636.5 388166.0 586590.0

Total 43267653.1 15775961.4 4285272.4 364202.9 879258.6 8765343.5 3468398.0 43248.7 537335.4 77386673.8

Table 4. Bartın Centre LULCC classes transition Matrix from 2000 to 2020.
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The impact of urbanization on other land uses is not unique to Bartın. Looking at Türkiye as a whole, 
urbanization and the expansion of artificial areas are increasing similarly. In particular, the closure of village 
schools and rural health centres, the excessive increase in agricultural inputs, the increase in the number 
of young people attending universities due to government policies such as the opening of universities in all 
provinces, and the distance of all these young people from agriculture have led to an increase in migration 
from rural to urban areas. These policies have caused the spread of cities throughout Türkiye and the change 
in land use around city centres70,71. However, the general increase in urbanization does not mean urbanization 
has increased in every province. In this context, many remote sensing studies show similar results in Türkiye. A 
study by remote sensing method conducted in Edirne reveals a decrease in agricultural areas due to the growth 
of residential (6 km2) and industrial zones (2 km2) between 1990 and 201872. In another study, from 2002 to 
2020, 17 designated slow cities reported that observable increments ranging from 0.06 to 3.5 km2 occurred. 
The influence of the expanding population, notably pronounced during this growth, was highlighted73. The 
study conducted in Kastamonu between 1999 and 2014 showed that artificial surface built up on 519.5 ha of 
agricultural land and 86 ha of forest area in the city centre74. The study in Muğla-Köyceğiz determined that the 
urban area increased by 4.33% between 2004 and 2019. In the same period, green areas decreased by 6.59%, and 
vacant lands decreased by 4.24%75. The situation in the neighbouring provinces of Bartın is similar to the study 
results. Between 2005 and 2020, the urban populations of Bolu, Kastamonu, Karabük, Karabük and Zonguldak, 
which are neighbours of Bartın, increased by 44.2%, 29.4%, 15.5% and 34.1%, respectively. The rural population 
decreased by 22.6%, 21.7%, 0.6% and 34.6% respectively. In the same period, the US increased by 2006 hectares 
(ha) in Bolu, 1499 ha in Kastamonu, 889 ha in Karabük and 854 ha in Zonguldak. On the other hand, 200 ha in 
Bolu, 446 ha in Kastamonu, 144 ha in Karabük and 293 ha in Zonguldak were converted into US71,76.

In general, urban areas have increased in all studies. The study conducted in the provinces within the scope 
of Türkiye’s metropolitan municipalities determined that urbanization was higher in the regions that generally 
received immigration and were in the west of Türkiye and that the rate of urbanization spread was low in other 
provinces. Since Bartın province is generally a province that both receives and emigrates, it can be said that 
the sprawl rate of the city centre will not be remarkably rapid in the coming years77. However, when internal 
migrations are examined, it is seen that 2,777,797 people migrated between provinces in Türkiye in 2021, and 
the primary reason for this is for educational purposes (686973 people). The amount of internal migration that 
Bartın province received in 2021 was 10,907 people37. Since the current number of students at Bartın University 
has reached a balance, it is thought that this number can only increase with new economic investments and 
tourism activities. Similarly, a study conducted in China stated that the main reasons for the change due to the 
city’s sprawl in Shijiazhuang between 1987 and 2001 were population, traffic conditions, industrialization and 
politics78.

Many studies examine changes in forests and other land uses from various perspectives, such as urban sprawl, 
change in the urban landscape, and differentiation in ecosystem services perspectives16,49,50,74,79–85. However, 
since the main reason for these changes is population, studies have also been conducted in this context86–89. 
Many studies aimed at understanding the effects and causes of urbanization on forests and other land uses are 
in international studies90–92, and these studies show that land uses and forests change over time93–95. Studies 
show that urban land worldwide increased by 58,000 km2 between 1970 and 2000 and that global urban land 
cover will increase between 430,000 km2 and 12,568,000 km2 by 203096. Studies report that, because of the urban 
sprawl, 1.8–2.4% of global cultivated areas will be lost by 2030, and approximately 80% of the loss will occur in 
Asia and Africa97. This urban increase will also cause a biomass loss of 1.38 PgC98. As can be seen, the effects 
of urbanization occur in different ways in different regions. The increase in Urbanization in Central Ethiopia 
between 2008 and 2018 led to a decrease in agricultural areas99. In Greater Dhaka, Bangladesh, between 1975 and 
2003, water bodies and cultivated areas experienced a significant reduction in vegetation and wetlands100, which 
occurred in China between 1996 and 2006. It has been determined that agricultural land decreased by 33% from 
1985 to 2010 in the Dgahlia region of Egypt101, while urbanization caused wetland loss in the Greater Toronto 
and Hamilton Area of Canada102. Increasing demands from population growth and agricultural activities are 
the main reasons urbanization generally decreases forest areas103,104. In the Atlanta, Georgia metropolitan area, 
the increase in urbanization between 1973 and 1997 caused forest loss105, settlements increased by 14.5% in the 
Southern Punjab province of Pakistan in 2000–2021, while forest areas decreased by 31%. It was determined 
that the rate106. In Aurangabad, India, there were significant decreases in vegetation and water mass due to 
construction between 2015 and 2020107. On the other hand, similar to the study results, there are cases where 
construction and forest areas increased in North Korea between 2000 and 2020. In a study conducted in Porto, 
although trees and shrubs decreased by 14.3% with urbanization between 1947 and 2019, afforestation of 12.7% 
was achieved in different areas with afforestation and other landscaping works within the city.

Urban sprawl also negatively impacts the natural environment and cultural fabric. Ecologically, it causes 
damage to creatures living in agricultural areas and the disappearance or reduction of their habitats. In addition, 
the encroachment of cities into or near natural areas causes domestic animals to threaten wildlife. In particular, 
it is common for cats and dogs to prey on reptiles, birds, and small and large mammals in the wild, and it’s 
a big issue for wildlife habitats. The cultural consequence of migration is the abandonment and subsequent 
disappearance of traditions, natural lifestyles and ancient local knowledge in villages108,109.

Many factors influence land cover change in a city. One of these factors is the opening up of new zoning areas. 
Particularly in recent years, flood areas along rivers have expanded due to irregular and excessive rainfall caused 
by climate change. For this reason, the Mayor’s Office and other relevant units have opened new settlement 
areas. We anticipate significantly higher urbanization rates in the future, particularly as green and agricultural 
areas between the university and the city centre open up for construction and industrial areas expand. So, urban 
planning designs supporting management and biodiversity are essential for creating sustainable cities110,111. 
Thus, city planners and decision-makers should adopt an attitude towards protecting natural resources and 
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increasing biodiversity in new plans112. To achieve this, constantly updated and comprehensive information is 
needed. As a result, many disciplines should work together in planning to protect the city and its surrounding 
forests and other habitats. In this context, especially in the second, third and fourth expansion areas, the building 
pressure from the centre should be reduced. To this end, existing green and agricultural areas should be closed 
to development and protected using legal amendments. More than legal protection is needed to ensure the 
protection of these areas in reality.

For this reason, it is necessary to update comprehensive information to ensure continuous protection. To 
this end, the municipality should set up a monitoring unit and monitor the city centre and its surroundings with 
systems that combine remote sensing methods with ground observations. Working together on new plans to 
protect forests and other habitats in and around the city would benefit many disciplines. In addition, the studies 
carried out by scientists, especially urban ecologists, should be taken as reference in these studies113, and the 
plans to be made should proceed in line with scientific studies.

Conclusions
This study analyses the changes in land use caused by urban sprawl, especially by population-related factors, 
according to 9 land use classifications. The study area is the centre and environs of Bartın in Northern Anatolia, 
where rural-urban migration continues and temporary asylum seekers have arrived in recent years. Changes in 
land use in Bartın city centre were determined through land use maps prepared as a result of the evaluation of 
colour aerial photographs and supported by ground measurements.

The study results show that land use in Bartın Province has undergone significant changes between 2000 and 
2020. During this period, artificial and forest areas increased by 51.7 and 6.8%. On the other hand, agricultural 
and open areas decreased by 4.6 and 60.4%. Among the five expansion zones of the city, agricultural areas in the 
first expansion zone, agricultural areas and artificial surfaces, degraded coniferous forest areas and productive 
mixed forests in the second expansion zone, agricultural areas, degraded coniferous forests, open areas and 
productive mixed forests in the third expansion zone, agricultural areas, degraded coniferous forests, open areas 
and productive mixed forests in the fourth expansion zone, agricultural areas, degraded coniferous forest areas, 
open areas and productive coniferous forest areas and productive mixed forests in the fifth expansion zone 
have decreased. Despite these decreases, artificial and forest areas increased by 51.7% (712620 m2) and 6.8% 
(515725.40 m2) in the whole centre of Bartın. Agricultural and open areas decreased by 4.6% (754773.39 m2) and 
60.4% (500116.5 m2). The most significant part of the area was the change in agricultural areas 7.8% (3604109.3 
m2) of agricultural areas and 6.1% (130361.3 m2) of open areas were converted into artificial surfaces; also, 0.38% 
of degraded broadleaved forests, 0.25% of degraded coniferous forests, 0.75% of productive broadleaved forests, 
0.17% of productive coniferous forests and 0.41% of productive mixed forests were converted into agricultural 
lands. The impact of migration and population growth on this change is undeniable. Increased urbanization 
leads to a reduction in agricultural diversity and a decrease in the quantity of products. In the areas of urban 
expansion, the effects of change are more visible, especially in the outer peripheries of the centre. The research 
findings provide evidence-based information for policymakers and urban planners to formulate adaptation 
strategies for the environment, people and development triangle. The findings also highlight the importance 
of comprehensive strategies that integrate adaptation with sustainable urban development, migration and 
mitigation of environmental impacts.

In this study, we base LULCC assessments on population changes, which analyse the existing urban area 
and its surroundings during two periods, restricting detailed analyses linking population and spatial changes. 
In addition, it is impossible to conduct analyses in smaller areas, as the existing neighbourhood boundaries and 
the urban sprawl areas are different. We assume that city managers in neighbouring provinces can primarily 
use the results of this study. In particular, it contains results that will provide ideas for city managers in similar 
settlement areas in the Black Sea region. As a result, future studies, especially in the case of changes in the 
area, can add satellite images to the aerial photographs to obtain land use data for more years of economic and 
environmental variables to the population data. Additionally, in the following research, the effects of climate 
change, development, and external migration, especially for temporary asylum seekers, should be questioned 
and compared with the results of this study.

City administrators should actively review land-use plans, considering water, forest, and open space 
ecosystems. These plans should incorporate food security and sustainable agricultural alternatives. They should 
establish land use monitoring systems and working groups to achieve this goal. Decision makers should support 
studies on topics like eco-cities, urban-rural relations, migration, and their impact, consistent with the reports 
from this unit. In order to assess the impact of urban expansion on natural resources, we should diversify and 
continue such studies and share the results with the public.
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Data availability
The data used in this study has not been shared anywhere because the obtained dataset is enormous. It can be 
shared upon reasonable request. For this purpose, the study’s author, Gökhan Şen (gsen@kastamonu.edu.tr), 
can be contacted.
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