
Серія «Геологія.  Географія. Екологія», 2025,  випуск 62   

- 160 - 

https://doi.org/10.26565/2410-7360-2025-62-12             Received 21 March 2025 

UDC 504.61:911.375.1(560.316)                Accepted 29 April 2025 

 

Environmental impacts of urban development and sustainable  

landscape management: the case of Muratpaşa, Antalya 
 

Furkan Genişyürek 1 

PhD student (Geography), Department of Geography,  
1 Akdeniz University, Antalya, Turkey, 

e-mail: furkangyurek@gmail.com,      https://orcid.org/0000-0002-8098-1763; 

Liudmyla Niemets 2 

DSc (Geography), Professor, Head of the K. Niemets Department of Human Geography  

and Regional Studies, 2 V.N. Karazin Kharkiv National University, Kharkiv, Ukraine, 

е-mail: ludmila.nemets@karazin.ua,      https://orcid.org/0000-0001-9943-384X; 

Mehmet Tahsin Şahin 1 

Assistant Professor, Department of Geography,  

e-mail: tahsinsahin@akdeniz.edu.tr,      https://orcid.org/0000-0003-1012-6814; 

Kateryna Sehida 2 

DSc (Geography), Professor, K. Niemets Department of Human Geography and Regional Studies,  

е-mail: kateryna.sehida@karazin.ua,      https://orcid.org/0000-0002-1122-8460 

 
ABSTRACT 

Problem statement. Intensive urbanization stands out as a phenomenon that significantly affects environmental change and 

raises serious concerns about the sustainability of cities. The pressure of human activities on ecological areas causes regional ecological 

networks to shrink and become less connected, leads to increased pollution, deterioration of ecological functions and poses serious 

threats to the sustainable development of cities. This study comprehensively examines the environmental impacts of urbanization and 

its consequences on urban landscapes in the Muratpaşa district of Antalya. The research focuses specifically on green space distribution, 

carbon emissions, and land use changes, assessing how these factors influence sustainable urban development. Muratpaşa, character-

ized by rapid urbanization and population growth, represents a critical area for environmental and ecological sustainability. 

Purpose. The primary aim of the research is to analyze the environmental impacts of urban development in Muratpaşa, to reveal 

the effects on the urban landscape by using the variables affected in this process, identify land use changes, and make future projections. 

The study seeks to address inequalities in green space distribution, carbon emissions, and the evolving dynamics of urban landscapes, 

providing recommendations for sustainable urban planning. 

Research methods. The study employed CORINE land cover data, Landsat satellite imagery, the GHG Protocol, artificial neural 

networks, and Geographic Information Systems (ArcGIS). Analyses included green space evaluation, land use classification, carbon 

emission calculations, and projections for land use in 2040. Additionally, the distribution of green spaces was analyzed at the neigh-

borhood level based on population density. 

Research results. The research reveals a dramatic increase in motor vehicle numbers and carbon emissions in Muratpaşa between 

1994 and 2023. During the same period, green spaces declined, while urbanization accelerated. Coastal neighborhoods had higher 

proportions of green spaces, whereas inland areas showed significantly lower levels. Projections for 2040 indicate further reductions 

in green spaces and increased urbanization. CORINE data demonstrated that agricultural lands and natural habitats are under significant 

pressure from urban development. 

Conclusion. The Muratpaşa district is at a critical juncture in terms of environmental sustainability. Reducing land use changes, 

carbon emissions, and inequalities in green space distribution requires the adoption of sustainable urban planning strategies. Preserving 

green spaces, supporting biodiversity, and minimizing the carbon footprint are essential for achieving comprehensive sustainability 

policies. 

Keywords: sustainability, urban development, urban green areas, land use estimation, carbon emission, ArcGIS, artificial neural 

network, Muratpaşa, Antalya. 
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Introduction. In parallel with the rapid increase 

in the world population and the development of the 

global economy, the process of urbanization is also 

progressing rapidly, and urban populations and the 

size of urban areas are gradually increasing. Every 

year, more and more people migrate from rural areas 

to cities, contributing to the increase in the urban pop-

ulation. By 2023, the population of cities and towns 

was 4.6 billion, and it is projected to reach 5 billion 

by 2030 [1]. This intensive urbanization stands out as 

a phenomenon that significantly affects environmen-

tal change and raises serious concerns about the sus-

tainability of cities [2]. Urbanization is a complex 

process shaped by the expansion of urban areas, eco-

nomic use of land, transfer of rural labor to cities, and 

economic growth [3]. However, the growth of cities 

and the expansion of urban impervious surfaces have 

negative impacts on air quality, land use, water reso-
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urces, biodiversity and climate [4-9]. In particular, 

the pressure of human activities on ecological areas 

causes regional ecological networks to shrink and be-

come less connected [10]. This leads to increased pol-

lution, deterioration of ecological functions and 

poses serious threats to the sustainable development 

of cities [11, 1]. In this context, the pressures of ur-

banization on the natural environment have led to the 

concept of resilient cities, which requires increasing 

the resilience capacity of cities [12], including new 

relevance for the study of emerging urban resilience 

in Ukraine [49]. However, for a long time, the science 

has paid limited attention to the environmental prob-

lems of cities and therefore has not been able to con-

tribute sufficiently to the environmental impacts on 

urban landscapes [13, 14]. The rapidly increasing 

number and area size of cities has increased the need 

for urban ecology studies since the 2000s [15, 16]. 

Nevertheless, studies that address the impacts of ur-

banization on the natural environment in a holistic 

manner are still limited. 

Many studies in the literature have generally ad-

dressed the environmental impacts of urbanization 

independently of each other and have examined the 

interrelationship of these impacts in a limited way. 

For example, one study emphasized that urbanization 

strengthens dependence on fossil fuels by increasing 

the number of automobiles and as a result, the carbon 

footprint grows, focusing on the difficulties in the re-

covery of natural resources [17, 3]. In another study, 

it was stated that 16% of carbon emissions worldwide 

originate from the transportation sector [18, 5]. In an-

other study, they analyzed black carbon and particle 

number concentrations between different years ac-

cording to vehicle types in Stockholm in order to 

measure the effectiveness of European Carbon Emis-

sion Reduction policies [19]. A similar study exam-

ined the effects of smart transportation policies on 

carbon emission reduction in 258 cities in China us-

ing a quasi-natural experimental method [20]; they 

evaluated the impact of coal use in transportation on 

carbon emissions and found that efficient use of coal 

has a strong relationship with emissions [21, 22]. 

The effects of urbanization on green spaces have 

also been widely discussed. In one study, it was stated 

that the reduction and fragmentation of green areas is 

inevitable with urbanization [23], while in Paris, 

changes in vegetation cover were shaped by social 

policies [24]. The original integrated approach using 

urban remote sensing (URS) and GIS for changes de-

tection to evaluate the current state and monitor spa-

tial transformations of the urban green spaces in 

Kharkiv (Ukraine) represented [51]. Some methodi-

cal issues of geoinformation approach to the urban 

geographic system research [50] and features of us-

ing GIS & remote sensing for sustainable land use 

[52] developed from the perspective of geographical 

science and tested on different case studies. In China, 

it was also emphasized that increasing urban popula-

tion density and non-agricultural working population 

significantly affect the distribution of green areas 

[25]. In addition, a study conducted in the Nanjing 

metropolitan area using Landsat imagery between 

2000 and 2020 determined that the distribution of 

green areas is affected by a combination of physical 

geography, socio-economic structures and manage-

ment policies [3]. It has also been shown that eco-

nomic development and vegetation improvement can 

be possible simultaneously with sustainable policies 

[8]. The effects of urbanization on climate have been 

associated with the increase in the areal extent of im-

pervious surfaces and surface temperatures. A study 

analyzed the impact of urban expansion on climate 

change through surface temperatures, NDVI, NDBI 

and MNDWI indices using Landsat 5 TM and Land-

sat 8 OLI data between 1992-2021 and found a posi-

tive correlation between the size of impervious sur-

faces and surface temperatures [26]. In addition, a 

similar study revealed a strong negative correlation 

between NDVI and surface temperatures [27].  

These studies reveal the importance of address-

ing the environmental and climatic impacts of urban-

ization in a more holistic manner. In this context, this 

research has been applied in Muratpaşa district, the 

central district of Antalya city, which is a rapidly 

growing and especially an important tourism center. 

Evaluated in 4 different categories, Muratpaşa district 

is based on the impact of ecology on the urban land-

scape. The aim of the research is to comprehensively 

analyze the environmental impacts of urban develop-

ment in Muratpaşa district and to reveal the effects on 

the urban landscape by using the variables affected in 

this process. In this context, Antalya/Muratpaşa dis-

trict's vehicle carbon emissions by years, the distribu-

tion of green areas at the neighborhood scale, land 

use analysis, future situation estimation and Corine 

analysis were conducted. The study aims to identify 

the unique characteristics of Muratpaşa district by an-

alyzing the pressures on the urban environment in de-

tail and to provide new findings to the literature. 

Material and methods. The methods used in 

this study were selected to comprehensively analyze 

the environmental impacts of urban development in 

Muratpaşa district. The GHG Protocol was chosen 

for carbon emission calculations in accordance with 

international standards [28-32]; CORINE land cover 

data was chosen to monitor long-term and detailed 

land use changes [33-35]; Landsat 8 OLI-TIRS satel-

lite imagery was chosen to provide high-resolution 

spatial analysis; and the green space analysis method 

was chosen to understand the relationship between 

population density and environmental equity [36-39]. 

For the future land use prediction in Muratpaşa, the 

Artificial Neural Network method, the accuracy of 
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which has been proven in many studies, was applied 

and the estimated land use map of 2040 was made 

[40, 41]. These methods increase the scientific relia-

bility of the study and allow both local and interna-

tional comparisons. 

Calculating carbon emissions. Within the 

scope of the purpose of the study and the variables 

obtained, the method was carried out in 4 stages. The 

first stage of the study was conducted to understand 

the relationship between the number of motorized 

land vehicles in Muratpaşa district of Antalya and 

their environmental impacts. During the research 

process, the Turkish Statistical Institute (TUIK) col-

lected the motorized land vehicle data of Antalya be-

tween 1994 and 2023. This data was used to deter-

mine the change in the number of vehicles in the dis-

trict over time. Then, the population ratios of Mu-

ratpaşa district with other districts were calculated 

and these ratios were divided by the number of vehi-

cles to determine the average number of vehicles in 

the district between 1994 and 2023. Then, the aver-

age carbon dioxide emission of vehicles in Muratpaşa 

district was calculated by formulating the number of 

vehicles with the most up-to-date 2023 carbon emis-

sion rates of the GHG Protocol. The main reason for 

choosing the GHG Protocol is that it enables green-

house gas emissions to be calculated within the 

framework of a global standard. In this way, the car-

bon footprint data of the district was analyzed in ac-

cordance with international comparisons [42-44, 6]. 

These steps are an appropriate method to analyze 

how the number of vehicles is related to population 

and environmental factors and to understand the en-

vironmental impacts of transportation in the district. 

The main reason for using the GHG Protocol in this 

process is to measure environmental impacts in a 

standardized way and to obtain comparable data [45]. 

The GHG Protocol is recognized as a global standard 

for calculating and reporting greenhouse gas emis-

sions. This protocol provides a comprehensive 

framework for calculating and reporting GHG emis-

sions according to a specific process and methodol-

ogy. Therefore, the use of the GHG Protocol has en-

abled the identification of carbon dioxide emissions 

of vehicles in Muratpaşa district and a clear measure-

ment of environmental impacts. Thus, calculating 

GHG emissions and relating these emissions to pop-

ulation and vehicle numbers will contribute to under-

standing the environmental impacts of the district and 

guide future landscaping sustainability efforts. The 

detection of carbon dioxide emissions from vehicles 

is an important element that increases the reliability 

and comparability of the research [46, 24]. 

Calculation of parks and green areas. Another 

stage of the study is the collection and analysis of 

park and green area data in the neighborhoods within 

the borders of Muratpaşa district. First, neighbor-

hood-based park and green area data were obtained 

from Muratpaşa Municipality. This data includes the 

square meters of parks and green areas in each neigh-

borhood. Then, the total square meters of parks and 

green areas in each neighborhood were divided by the 

number of population in that neighborhood to deter-

mine the average park and green area per capita. The 

purpose of this step is to determine how the area of 

parks and green spaces, which have psychological ef-

fects on people and environmental aesthetic value, is 

distributed according to the population density in 

each neighborhood [12, 14, 18]. In terms of land-

scape architecture, the amount and distribution of 

green spaces in neighborhoods can directly affect the 

quality of the urban environment and people's quality 

of life. Therefore, determining the amount of parks 

and green spaces per capita can provide important 

data to be used in urban planning and landscape de-

sign. The determined data will provide a basis for an-

alyzing and improving the urban landscape in Mu-

ratpaşa district, and the ratio of the amount of green 

space to the population will also guide the sustaina-

bility efforts of the district and the determination of 

green space policies [47]. 

Digitization of land cover data. In another 

phase of the study, CORINE data for the years 1990, 

2000, 2006, 2012 and 2018 published by Copernicus 

Land Monitoring Service were used [24, 34]. The use 

of CORINE data was preferred because it provides 

reliable land cover data based on European Union 

standards [8]. CORINE data is a detailed and reliable 

source covering land cover over various periods. 

These data are an important basis for understanding 

and monitoring land use in and around Muratpaşa 

district of Antalya province. CORINE land cover 

classes were used to classify the study area according 

to the characteristics of each year and the legends 

were prepared accordingly. This classification de-

fines various land types and plays an important role 

in determining the changes that have occurred over 

the years [2, 45]. Using the Geographic Information 

Systems software ArcGIS 10.8.1, the 1990, 2000, 

2006, 2012 and 2018 land cover data of Muratpaşa 

district and its surroundings were digitized and 

mapped. Thanks to this digitization process, the land 

use of each year can be analyzed in detail. The data 

obtained will contribute to the understanding of land-

scape changes in the region by calculating and tabu-

lating the area covered in square kilometers for each 

year. The use of CORINE data can provide urban 

planners and environmental experts with an im-

portant basis for improving various aspects of the 

landscape, such as urban regeneration projects and 

the protection of green spaces [2, 8]. 

Land use classification and future forecast-

ing. In another stage of the study, Landsat 8 OLI-

TIRS (Operational Land Imager and Thermal Infra-
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red Sensor) satellite images of 2013 and 2023, which 

have low cloudiness, were preferred by the United 

States Geological Survey (USGS) to classify the land 

use of Muratpaşa and its surroundings in detail and to 

predict future land use (Table 1) [16, 31, 33, 40]. In 

order to clearly reveal the change between the two 

years, a 10-year period was determined between the 

image acquisition dates and Landsat 8 OLI-TIRS sat-

ellite image was preferred because the image quality 

should be good in the analysis to be performed. In 

order to obtain the natural appearance of Muratpaşa 

and its surroundings, a combination of Red, Green 

and Blue bands was made using ArcGIS 10.8.1. In 

the natural view formed with the Classification tool, 

a sample group was formed in 4 classes. These are 

Forest, Plant-Agriculture Land, Build Up Area and 

Bare Land. For each sample, 50 samples were taken 

from the study area and detailed land use maps of 

2013 and 2023 were created with the Interactive Su-

pervised Classification analysis in the Classification 

tool [16]. 

In addition to the land use data for the years 

2013 and 2023 obtained as a result of the analyzes 

made with ArcGIS 10.8.1, Digital Elevation Model 

(DEM), road data and river data of Muratpaşa and its 

surroundings were integrated into QGIS 2.18 soft-

ware, another Geographic Information Systems soft-

ware, by installing Molusce plug-in. Finally, by ap-

plying the Artificial Neural Network method, the es-

timated land use map of Muratpaşa and its surround-

ings for the year 2040 was created. The accuracy of 

this map was compared with TerrSet Geospatial 

Monitoring and Modeling Software, another Geo-

graphic Information Systems software, and positive 

results were obtained [44, 46-48].  

The findings from these four phases will provide 

important information in a wide range of perspec-

tives, from the environmental impacts of motor vehi-

cles in Muratpaşa district to the distribution of green 

space, from land use changes to future land use pro- 

 

Table 1 

Metadata of Landsat 8 OLI-TIRS satellite imagery 

Satellite Image Image Number Shooting Date Path/Row Format 

LANDSAT 8 OLI-TIRS LC81780342013117LGN02 2013.04.27 178-034 GeoTiff 

LANDSAT 8 OLI-TIRS LC81780342023257LGN00 2023.09.19 178-034 GeoTiff 

 

jections. This information will shed light on the de-

velopment of a district's environmental sustainability 

policies, the improvement of urban planning pro-

cesses and the formulation of long-term environmen-

tal management strategies. 

Findings. Table 2 shows that the number of cars 

has increased dramatically in Antalya Muratpaşa dis-

trict since 1994. The increase in the mobility needs of 

individuals and businesses in parallel with population 

growth is the most important reason for the number 

of cars. The rise in income levels due to population 

growth and economic development, which are espe-

cially characteristic of developing countries, has en-

abled more people to own cars. For this reason, the 

number of vehicles, which has a significant impact on 

urban ecology, affects the urban landscape depending 

on air and environmental quality. The carbon dioxide 

emissions in Muratpaşa District between 1994 

(33084585.83 KG) and 2023 (247515903.57 KG) 

showed an increase every year in parallel with the in-

crease in the number of vehicles (Table 2). Although 

there is a decreasing trend in carbon emissions per 

vehicle, the total carbon emissions increasing every 

year is a major threat to future generations and the 

urban landscape. The number of Minibuses, another 

transportation node, has generally increased over the 

years observed between 1994 (704) and 2023 (3844). 

This increase can be attributed to factors such as 

increased need for public transportation, urbanization 

and population growth. Increasing population density 

and transportation needs in cities, especially in devel-

oping countries, have increased the demand for min-

ibuses. However, it is noteworthy that carbon emis-

sions per minibus fluctuate between 1994 

(1551852.95 KG) and 2023 (8473569.83 KG). The 

reason for these fluctuations is that older and less ef-

ficient van models are still in use in certain years. 

However, there has been a general upward trend in 

the carbon emissions of minibuses in recent years. 

This increase is due to the fact that minibuses usually 

have diesel engines and less efficient technologies. 

The number of buses in Muratpaşa district increased 

dramatically between 1994 (496) and 2023 (2277). 

This can be attributed to the increase in the district's 

population and transportation demand. Especially in 

a touristic region like Antalya, the development of 

transportation infrastructure and the expansion of 

public transportation services lead to more wide-

spread use of buses. There is a significant increase in 

the average carbon emissions of buses in Muratpaşa 

district between 1994 (1092836.48 KG) and 2023 

(5018580.09 KG) (Table 1). 

This increase is a result of the transportation de-

mand in the district and the growth of bus fleets. Be-

tween 1994 (3094) and 2023 (43557), there is a sig-

nificant increase in the number of pickup trucks in 
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Table 2 

 

The amount of carbon emitted by cars, minibuses, buses, vans, trucks, trucks  

and motorcycles in Muratpaşa district between 1994-2023 
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Muratpaşa district (Table 2). This increase is due to 

the need for commercial transportation and logistics 

requirements, along with the increase in the popula-

tion and commercial activities of the district. Espe-

cially in the Muratpaşa district of Antalya, which is a 

touristic region, the increase in touristic activities and 

the expansion of the service sector have increased the 

demand for pickup trucks. Between 1994 

(15320454.18 KG) and 2023 (215681224.03 KG), 

the average carbon emissions of pickup trucks in Mu-

ratpaşa district also increased (Table 2). This increase 

can be attributed to the fact that pickup trucks usually 

run on fossil fuels, increasing the carbon footprint of 

commercial transportation activities. Especially in 

the district, which is a touristic destination, intensive 

tourist and material transportation causes carbon 

emissions to increase. The number of trucks in Mu-

ratpaşa district increased significantly between 1994 

(1833) and 2023 (5542), as did the number of vans 

(Table 2). In this period, with the increase in commer-

cial activities and logistics needs, it is seen that the 

demand for trucks has increased in addition to vans. 

The fact that the district is a touristic region and the 

increase in activities in the construction sector also 

create an additional demand for trucks. Between 

1994 (12893934.92 KG) and 2023 (38992211.84 

KG), the average carbon emissions of trucks in Mu-

ratpaşa district also increased (Table 2). This increase 

can be attributed to the fact that trucks generally run 

on fossil fuels, increasing the carbon footprint of 

commercial transportation activities. Construction 

activities, material transportation and logistics re-

quirements in the district have also increased carbon 

emissions, but the continued use of old trucks also 

contributes to the increase in carbon emissions. The 

number of motorcycles in Muratpaşa district in-

creased significantly between 1994 (11836) and 2023 

(81117). In this period, it is observed that the use of 

motorcycles increased as a result of the effects of in-

dividuals' personal transportation preferences, 

changes in transportation infrastructure and the city's 

climate being suitable for motorcycling. In particular, 

the intensity of urban transportation and traffic prob-

lems can also affect individuals' preference for mo-

torcycles. The average carbon emission of motorcy-

cles in Muratpaşa district has shown an increasing 

trend between 1994 (14732994.97 KG) and 2023 

(100969513.30 KG) (Table 2). This increase is ac-

companied by an increase in the use of motorcycles, 

and it is inevitable that carbon emissions will increase 

as more motorized vehicles circulate on the roads. 

Table 2 shows that the increase in the number of 

vehicles and the related increase in carbon emissions 

is an important trend that should be taken into ac-

count in terms of transportation and environmental 

policies of Muratpaşa district. These increases are 

likely to have emerged with the growth of the 

population and economy of the district. However, the 

increasing number of vehicles and carbon emissions 

are a major concern in terms of environmental sus-

tainability and urban landscape. 

There are 55 neighborhoods in the Muratpaşa 

district of Antalya province. When we look at Fig. 1, 

we see the distribution of green areas (park areas) at 

the neighborhood scale of Antalya Muratpaşa district. 

When Fig. 1 is examined, it is seen that green areas 

are concentrated close to the coast. The 10 neighbor-

hoods that do not have green areas are located in 

neighborhoods far from the coast of Muratpaşa dis-

trict (Fig. 1).  

One of the most important dynamics in urban 

landscape is the green area per capita in the city. In 

this context, the square meter area per capita was 

found by proportioning the green areas to the neigh-

borhood population at the neighborhood scale of Mu-

ratpaşa district. Fig. 2 shows the square meter green 

area per capita at the neighborhood scale. According 

to the analysis, the ratio of green space per capita is 

high in the neighborhoods close to the sea, while this 

ratio is low in the neighborhoods in the inner parts of 

the district. There are no green areas in 10 neighbor-

hoods in Muratpaşa district. Neighborhoods with no 

data are shown in white on Fig. 2. The 5 neighbor-

hoods with the least park area per capita are Yıldız 

(0.24 m2), Güvenlik (0.26 m2), Yüksekalan (0.45 m2), 

Gebizli (0.46 m2) and Varlık (0.55 m2). The 5 neigh-

borhoods with the highest park area per capita are 

Selçuk (256.19 m2), Kılınçarslan (190.96 m2), Mel-

tem (58.40 m2), Bahçelievler (18.31 m2) and Şirinyalı 

(12.93 m2) (Fig. 2). According to the Spatial Plans 

Construction Regulation of the Zoning Law No. 

3194, the average green area per capita in Turkey is 

10 m(2). Accordingly, 6 neighborhoods were ob-

served in Antalya-Muratpaşa district that comply 

with the regulation (Selçuk, Kılınçarslan, Meltem, 

Bahçelievler, Şirinyalı and Çağlayan). 

CORINE (Coordinated Information on the En-

vironment) is a program developed by the European 

Union that aims to collect, process and share environ-

mental information. CORINE enables the use of a da-

tabase covering various environmental topics such as 

land use, land cover and natural habitats to reveal the 

status of the region in 1990, 2000, 2006, 2012 and 

2018. Looking at the distribution of artificial surface 

and urban structure of Antalya/Muratpaşa district in 

1990 using the Corine Land Cover Classes program, 

agricultural lands irrigated by irrigation canals and ir-

rigation ponds are concentrated in the center and east 

of the district. Dryland agricultural lands are gener-

ally located in the east and north of Muratpaşa dis-

trict. In these lands, mostly cereals and legumes are 

grown. Lands with fruit trees are located in the north 

of Muratpaşa. In these areas, citrus fruits, grapes and 

figs are generally grown. Broad-leaved forests are  
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Fig. 1. Antalya/Muratpaşa district Green Area Distribution 

 

 

Fig. 2. Per capita green area (m2) at the neighborhood scale in Antalya Muratpaşa district 
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Fig. 3. CORINE land use maps of Antalya Muratpaşa district and its immediate surroundings by years 

 

seen in the coastal area in the southeast of Muratpaşa 

district, while coniferous forests are seen in the north-

eastern part of the district. In 1990, continuous urban 

construction is located in the center of the district. 

Looking at the 2000 land use map, it is seen that 

there is an increase in continuous urbanization in Mu-

ratpaşa district. Around the continuous urbanization, 

the area of discontinuous urbanization has expanded 

and moved inland from the south of Kepez district. 

However, discontinuous urban development has in-

creased along the coastal area of Muratpaşa district. 

No change was observed in the broad-leaved trees in 

the southeast of Antalya, while the area of coniferous 

forest in the northeast expanded. Some of the contin-

uously irrigated agricultural land has been degraded 

and used as an airport.  

By 2006, there was an increase in the area of per-

manently irrigated agricultural land. Although there 

is not much change in Muratpaşa district, there are 

increases in Aksu district in general and in the inter-

section of Muratpaşa district in the southeast of 

Kepez district. In contrast to 2000, the area of contin-

uous urbanization continues to expand along the 

coast. Discontinuous urbanization, on the other hand, 

has moved to the east of Muratpaşa district, towards 

the outskirts of the city, and has continued to expand 

north towards Kepez district. The coniferous forest 

area in the northeast of Muratpaşa district has been 

converted into a mining area. 

In 2012, there was not much change in the area 

of permanent urban development, but discontinuous 

urban development continued to expand. Although it 

increased in the north of Muratpaşa district, it moved 

from the south to the center of Kepez district and 

started to gain a foothold in the southeast of Kony-

aaltı district. There is a slight increase in permanently 

irrigated agricultural areas north of Aksu district and 

east of Kepez district. However, in the surrounding 

districts, mixed forest areas and broad-leaved forest 

areas have been destroyed with the expansion of con-

struction. 

In 2018 (Fig. 3), no change was observed in Mu-

ratpaşa district. An increase in construction sites was 

observed in Kepez, Döşemealtı and Konyaaltı. Conif-

erous forests in the north of Aksu and continuously 

irrigated agricultural areas in the east have been de-

stroyed. 

The anthropological impact of urban greenery in 

the Muratpaşa district of Antalya and its immediate 

surroundings in 2013 is divided into 4 main catego-

ries: Forest, Plant-Agricultural Area, Building Area, 

Bare Land. It is seen that Muratpaşa district, located 

in the north of the Gulf of Antalya, is densely urban-

ized. Built-up areas, shown in gray, constitute the 

largest part of the city. Built-up areas contain urban 

functions such as housing, workplaces and infrastruc-

ture. Plant-agricultural areas, shown in light green, 

are concentrated in the north and east of Muratpaşa 

district. These areas provide food and agricultural 

products to the city. They also function as green ar-

eas. Forested areas, shown in dark green, are located 

in the north and southeast of the district. Forests help 

to improve the district's air quality, reduce noise pol-

lution and protect biodiversity. Bare land, shown in 

white, is located in the northeast of the district. Look-

ing at the immediate surroundings of Muratpaşa dis-

trict, Döşemealtı district has the most forests and 

plant-agricultural areas. In Aksu district to the east, 

there are more plant-agricultural areas (Fig. 4). 

In 2023, the plant-agricultural areas in Murat- 
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Fig. 4. Land Use Maps of Antalya/Muratpaşa and its immediate surroundings (2013-2023 and 2040) 

 

paşa district have been visibly reduced and trans-

formed into bare land and building areas. The build-

ing area has spread dramatically compared to 2013 

and increased its density in the center and eastern 

parts of the district. In 2023, it is seen that forest areas 

decreased in the southeast of Muratpaşa district. 

Looking at the neighboring districts of Muratpaşa 

district, it is observed that plant-agricultural areas in 

Aksu are mostly converted into building areas, while 

the northern parts of Kepez district are converted into 

bare land, while the eastern parts are converted into 

building areas. In Döşemealtı and Konyaaltı districts, 

plant-agricultural areas were transformed into con-

struction areas, while no significant change was ob-

served in forested areas. 

Looking at the 2040 land use projections, it is 

seen that the bare land in Muratpaşa district will con-

tinue to be converted into building areas (Fig. 4). It is 

seen that the green areas in the district center will be 

further destroyed and opened to construction, while 

the city center will be covered with concrete. By 

2040, a significant decrease in forest areas is ex-

pected. This reduction will occur due to the expan-

sion of urbanization and the contraction of agricul-



ISSN 2410-7360 Вісник Харківського національного ун іверситету імені В.Н.  Каразіна  

- 169 - 

tural activities. It is observed that the remaining for-

est will be located in a small area in the southeast of 

Muratpaşa, i.e. outside the district center. The situa-

tion is similar in the surrounding districts. With the 

expansion of building areas, it is estimated that there 

will be a contraction in bare land and agricultural-

vegetation areas. 

Discussion. The results of this study, which 

comprehensively examined the ecological dynamics 

of the urban landscape in the Muratpaşa district of 

Antalya, reveal the critical role of ecological ele-

ments on sustainable urban development. The find-

ings of the study are in line with some studies with 

similar content, which emphasize the limits of the po-

tential to reduce carbon emissions [22, 25, 37]. The 

significant increase in transportation-related carbon 

dioxide emissions in Muratpaşa in the last 20 years 

due to the increase in private vehicle use points to a 

serious problem in terms of carbon management. 

Analyses of transportation-related carbon dioxide 

emissions have revealed that the increase in the num-

ber of motor vehicles contributes to air pollution and 

climate change in Muratpaşa [11, 14, 28, 47, 48]. 

These studies emphasized that motorized vehicle use 

in urban areas has negative impacts on health and the 

environment, causing air pollution and greenhouse 

gas emissions. Sustainable transportation systems, 

public transport infrastructure and transition to alter-

native energy sources can contribute to the reduction 

of transportation-related emissions in Muratpaşa. In 

addition, this trend can also be associated with the 

findings of studies on automobile dependency and 

sustainable transportation . They also emphasized 

that the increase in private vehicle use not only cre-

ates environmental impacts but also negatively af-

fects energy efficiency [28]. Our study supports these 

findings and shows that emissions from transporta-

tion contribute significantly to air pollution and cli-

mate change. In this context, it is once again clear that 

public transportation systems should be improved, 

bicycle lanes should be encouraged and sustainable 

transportation strategies should be implemented. 

The results obtained from CORINE land cover 

data reveal that artificial surfaces are increasing in 

Muratpaşa, while agricultural areas and semi-natural 

areas are decreasing. These findings can be related to 

studies on urban landscape ecology; emphasizing the 

pressure of urban development on natural areas, we 

can say that sustainable landscape planning plays a 

critical role to prevent these negative trends [38]. 

Land use maps in Muratpaşa show that between 2013 

and 2023, built-up areas increased while forest and 

vegetation cover decreased. Projections for 2040 in-

dicate that this trend will continue. These findings are 

in line with similar studies. In these studies, they em-

phasized that urban development causes fragmenta-

tion of natural areas, habitat loss and reduction in 

biodiversity. Similarly, they support the idea that the 

decrease in green areas in Muratpaşa may lead to a 

threat to biodiversity [21, 24, 30, 41, 42, 47]. Some 

studies on land use changes show that the impacts of 

human activities on land cover can lead to loss of eco-

system services and weaken environmental sustaina-

bility. The findings of our study, in this respect, con-

cretely demonstrate the pressure of urban develop-

ment on natural areas and point to the vital im-

portance of sustainable land use planning to reverse 

this trend [10-12, 15, 32, 48]. 

The fact that the amount of parks and green areas 

per capita in Muratpaşa shows significant differences 

between neighborhoods points to inequalities in the 

distribution of green areas [9, 42]. The fact that the 

amount of parks and green spaces per capita differs 

on a neighborhood basis in Muratpaşa is in line with 

the studies conducted. These studies emphasized that 

equal distribution of green spaces is important for hu-

man health, welfare and environmental justice. The 

lack of green areas in some neighborhoods in Mu-

ratpaşa can be considered as a deficiency in this sense 

[5, 7, 12, 29, 34]. Fair distribution and accessibility 

of green spaces should be taken into consideration in 

the urban landscape planning process. Similarly, in 

another study on biodiversity and green space access 

in urban ecosystems, it was stated that inequalities in 

access to green spaces may have negative effects on 

social welfare [43]. Our study showed that access to 

green space in some neighborhoods in Muratpaşa is 

quite limited and only six neighborhoods meet the le-

gal per capita green space standard. This clearly 

demonstrates the need to prioritize green space distri-

bution in planning processes for sustainable urban 

development and the importance of integrating the 

principles of social justice and environmental sus-

tainability. 

The results obtained from the settlement forecast 

maps, where the anthropological impact was ana-

lyzed, show that the built-up areas in Muratpaşa will 

increase significantly by 2040 and this increase will 

create serious pressures on existing green areas and 

natural habitats. This finding can be related to studies 

evaluating urbanization and ecological systems; it 

can be said to confirm the conclusion that rapid and 

uncontrolled urbanization leads to disruption of eco-

logical balance, loss of biodiversity and transfor-

mation of ecosystem processes [41]. The fact that an-

thropological impacts will limit landscape studies in 

the future and green areas may disappear is in line 

with studies on a similar subject. These studies em-

phasized that urban development leads to fragmenta-

tion of natural areas, habitat loss and reduction of bi-

odiversity. The predicted development trend in Mu-

ratpaşa may lead to similar results. Sustainable urban 

planning, preservation of green areas and protection 

of sensitive natural areas are of great importance in 
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preventing these negative impacts. It is also in line 

with the findings that dense development threatens 

the ecological balance by suppressing natural habitats 

and causes loss of biodiversity [16, 26]. Our study 

predicts that a similar scenario will occur in Mu-

ratpaşa if the current development trends continue 

and emphasizes once again the importance of sustain-

able planning policies that take into account ecologi-

cal dynamics in order to reverse these negative 

trends. 

The findings of this study clearly reveal that eco-

logical factors should be taken into account for the 

sustainability of urban areas, quality of life and eco-

logical balance. Conservation of green areas, affor-

estation efforts, sustainable transportation systems 

and transition to alternative energy sources can be 

among the strategies that will serve this purpose. 

However, it is also important to continuously monitor 

and evaluate the relationship between ecological fac-

tors and the urban landscape. 

Conclusion. This study has comprehensively 

examined the ecological dynamics in the urban land-

scape of the Muratpaşa district of Antalya and has 

scrutinized the role of ecological factors. The find-

ings clearly demonstrate that ecological factors are 

vital for sustainable urban development. CORINE 

land cover data shows that during the 1990-2018 pe-

riod, artificial surfaces have increased in Muratpaşa, 

while agricultural areas and semi-natural areas have 

decreased. This situation concretely reflects the pres-

sure of urban development on natural areas. Protect-

ing green areas, adopting appropriate landscape de-

sign strategies and sustainable land use planning can 

contribute to reversing this negative trend [38]. It has 

been determined that carbon dioxide emissions from 

transportation in Muratpaşa have increased signifi-

cantly in the last 20 years. The main reason for this 

increase is the high rate of increase in private vehicle 

use. The results of the analysis show that the increase 

in the number of motor vehicles directly contributes 

to air pollution and climate change [22, 25]. Another 

result of the study revealed that the amount of parks 

and green spaces per capita in Muratpaşa varies sig-

nificantly on a neighborhood basis. While some 

neighborhoods have very limited access to green 

space (there are only 6 neighborhoods that comply 

with the green space per capita provision deemed suf-

ficient by law), some other neighborhoods have 

higher amounts of green space. This points to ine-

quality in the distribution of green space in the re-

gion. In addition, the settlement forecast maps, where 

the anthropological impact is analyzed, show that the 

built-up areas in Muratpaşa will increase signifi-

cantly by 2040. This increase is projected to put pres-

sure on existing green areas and natural habitats. If 

future development continues uncontrolled, there is a 

risk that the ecological balance of the region will be 

seriously disrupted [24]. 

Research findings clearly show that urbaniza-

tion creates environmental impacts such as loss of 

natural areas, carbon emissions from transportation 

and green space inequalities. In particular, the in-

crease in artificial surfaces and the decrease in green 

areas have led to a deterioration in ecological bal-

ance, and projections for 2040 indicate that these neg-

ative trends will continue. As a result, adopting sus-

tainable urban planning strategies, protecting natural 

areas and strengthening green infrastructure in Mu-

ratpaşa are of fundamental importance in reducing 

environmental impacts. In this context, our findings 

are important for local governments and decision 

makers to adopt a holistic planning approach that 

considers environmental, social and economic bal-

ances. Local governments, non-governmental organ-

izations, academia and the public working in cooper-

ation to implement these recommendations will make 

significant contributions to ensuring the ecological 

sustainability of Muratpaşa. Thus, the environmental 

quality of the region will be improved, the quality of 

life will be increased, a healthier urban heritage will 

be left to future generations and a sustainable urban 

environment will be created. 

 
References 

1. He, H. Z. (2003). The development trend of world urbanization. Intell. Build. City Information 4, 74-75. 

2. Andersson, E. (2006). Urban landscapes and sustainable cities. Ecology and Society 11(1): 34. 

3. Liu, W., Li, H., Xu, H., Zhang, X. & Xie, Y. (2023). Spatiotemporal distribution and driving factors of regional green 

spaces during rapid urbanization in Nanjing metropolitan area, China. Ecological Indicators, 148, 110058. 

https://doi.org/10.1016/j.ecolind. 2023.110058   

4. Landsberg, H. E. (1981). The urban climate. Academic Press. 

5. Newbold, T., Hudson, L. N., Hill, S. L., Contu, S., Lysenko, I., Senior, R. A., ... Purvis, A. (2015). Global effects of land 

use on local terrestrial biodiversity. Nature, 520(7545), 45-50. https://doi.org/10.1038/nature14324   

6. Khalilov, I. & Eminov, F. (2024). Against the background of global climate changes, the current ecological situation 

of Azerbaijan’s water resources and the directions of efficient use. Geology Geography Ecology, 61, 392–398. 

https://doi.org/10.26565/2410-7360-2024-61-31  

7. Dadashpoor, H., Azizi, P. & Moghadasi, M. (2019). Land use change, urbanization, and change in landscape pattern 

in a metropolitan area. Science of Total Environment, 655, 707-719. https://doi.org/10.1016/j.scitotenv.2018.11.267  

8. Hu, M. & Xia, B. (2019). A significant increase in the normalized difference vegetation index during the rapid eco-

nomic development in the Pearl River Delta of China. Land Degrad. Dev. 30, 359-370. https://doi.org/10.1002/ 

ldr.3221  

https://doi.org/10.1016/j.ecolind.%202023.110058
https://doi.org/10.1038/nature14324
https://doi.org/10.26565/2410-7360-2024-61-31
https://doi.org/10.1016/j.scitotenv.2018.11.267
https://doi.org/10.1002/ldr.3221
https://doi.org/10.1002/ldr.3221


ISSN 2410-7360 Вісник Харківського національного ун іверситету імені В.Н.  Каразіна  

- 171 - 

9. An, Y., Liu, S. L., Sun, Y. X., Shi, F. N. & Beazley, R. (2021). Construction and optimization of an ecological network 

based on morphological spatial pattern analysis and circuit theory. Landscape Ecology. 36, 2059-2076. 

https://doi.org/10.1007/s10980-020-01027-3  

10. Aminzadeh, B. & Khansefid, M. (2010). A case study of urban ecological networks and a sustainable city: Tehran's 

metropolitan area. Urban Ecosystem, 13, 23-36. https://doi.org/10.1007/s11252-009-0101-3  

11. Abdul-Manan, A. F. N. (2021). How to avoid a climate disaster, by bill Gates. Environmental Innovation and Societal 

Transitions, 40, 60-61. https://doi.org/10.1016/j.eist.2021.05.004  

12. Garmestani, A. S., Allen, C. R., & Gunderson, L. H. (2009). Panarchy: discontinuities reveal similarities in the dy-

namic system structure of ecological and social systems. Ecology and Society, 14(1), 15. 

13. Maimaitiyiming, M., Ghulam, A., Tiyip, T., Pla, F., Latorre-Carmona, P., Halik, Ü., Sawut, M., & Caetano, M. (2014). 

Effects of green space spatial pattern on land surface temperature: Implications for sustainable urban planning and 

climate change adaptation. ISPRS Journal of Photogrammetry and Remote Sensing: Official Publication of the Inter-

national Society for Photogrammetry and Remote Sensing (ISPRS), 89, 59-66. https://doi.org/10.1016/j.is-

prsjprs.2013.12.010  

14. Roussel, F. & Alexandre, F. (2021). Landscape ecological enhancement and environmental inequalities in peri-urban 

areas, using flora as a socio-ecological indicator-The case of the greater Paris area. Landscape and Urban Planning, 

210, 104062. https://doi.org/10.1016/j.landurbplan.2021.104062  

15. Sharifi, A. (2019). Resilient urban forms: A macro-scale virtualysis. Cities, 85, 1-14. https://doi.org/10.1016/j.cit-

ies.2018.11.023  

16. Genişyürek, F., Ertek, Ş., & Ertürk, M. (2022). Spatial and Temporal Assessment of Phaselis and its Surroundings 

with Multi-temporal Satellite Imagery. Zenodo (CERN European Organization for Nuclear Research). 

https://doi.org/10.5281/zenodo.7351470  

17. Gunawardhana, L. N., Kazama, S. & Kawagoe, S. (2011). Impact of urbanization and climate change on aquifer 

thermal regimes. Water Resources Management, 25, 3247-3276. https://doi.org/10.1007/s11269-011-9854-6  

18. Song, X., Feng, Q., Xia, F., Li, X., & Scheffran, J. (2021). Impacts of changing urban land-use structure on sustainable 

city growth in China: A population-density dynamics perspective. Habitat International, 107(102296), 102296. 

https://doi.org/10.1016/j.habitatint.2020.102296  

19. Breuste J., Niemelä J. & Snep R. P. H. (2008) Applying landscape ecological principles in urban environments. Land-

scape Ecology, 23: 1139-1142. DOI: https://doi.org/10.1007/s10980-008-9273-0  

20. Copernicus Land Monitoring Service. CORINE land cover. Retrieved June 12, 2024, from https://land.coperni-

cus.eu/en/products/corine-land-cover  

21. Krecl, P., Johansson, C., Norman, M., Silvergren, S., Burman, L., Mollinedo, E. M. & Targino, A. C. (2024). Long-

term trends of black carbon and particle number concentrations and their vehicle emission factors in Stockholm. 

Environmental Pollution, 347, 123734. https://doi.org/10.1016/j.envpol.2024.123734   

22. Newman, P., Beatley, T., & Boyer, H. (2009). Resilient cities: Responding to peak oil and climate change. Island Press. 

23. Oke, T. R. (1987). Boundary Layer Climates. Routledge. 

24. Büttner, G. (2014). CORINE Land Cover and Land Cover Change Products. In: Manakos, I., Braun, M. (eds) Land 

Use and Land Cover Mapping in Europe. Remote Sensing and Digital Image Processing, vol 18. Springer, Dordrecht. 

https://doi.org/10.1007/978-94-007-7969-3_5 

25. Cheng, H., Li, M., Zhao, C., Li, K., Peng, M., Qin, A. & Cheng, X. (2014). Overview of trace metals in the urban soil 

of 31 metropolises in China. Journal of Geochemical Exploration, 139, 31-52. https://doi.org/10.1016/j.gex-

plo.2013.08.012  

26. Grimm N. B., Faeth S. H., Golubiewski N. E., Redman C. L., Wu J., Bai X. & Briggs, J. M. (2008) Global change and 

the ecology of cities. Science, 319: 756-760. https://doi.org/10.1126/science.1150195  

27. Decker, E. H., Elliott, S., Smith, F. A., Blake, D. R., & Rowland, F. S. (2000). Energy and material flow through the 

urban ecosystem. Annual Review of Energy and the Environment, 25(1), 685-740. 

28. Eğilmez, G. & Park, Y. S. (2014). Transportation related carbon, energy and water footprint analysis of U.S. manu-

facturing: An eco-efficiency assessment. Transportation Research Part D: Transport and Environment, 32, 143-159. 

https://doi.org/10.1016/j.trd.2014.07.001   

29. Niemelä J., Kotze J, Venn S, Penev L, Stoyanov I, Spence J., Hartley, D. & de Oca, E. M. (2002). Carabid beetle 

assemblages (Coleoptera, Carabidae) across urban-rural gradients: an international comparison. Landscape Ecol-

ogy, 17: 387-401. https://doi.org/10.1023/A:1021270121630  

30. Quan, J., Zhan, W., Ma, T., Du, Y., Guo, Z., & Qin, B. (2018). An integrated model for generating hourly Landsat-like 

land surface temperatures over heterogeneous landscapes. Remote Sensing of Environment, 206, 403-423. 

https://doi.org/10.1016/j.rse.2017.12.003  

31. Weng, H., Gao, Y., Su, X., Yang, X., Cheng, F., Ma, R., Liu, Y., Zhang, W. & Zheng, L. (2021). Spatial-temporal changes 

and driving force analysis of green space in coastal cities of southeast China over the past 20 years. Land, 10, 537. 

https://doi.org/10.3390/land10050537  

32. Wu, J. (2008). Making the case for landscape ecology-an effective approach to urban sustainability. Landscape Jour-

nal, 27, 41-50. https://doi.org/10.3368/lj.27.1.41  

33. Aksoy, T., Dabanli, A., Cetin, M., Senyel Kurkcuoglu, M. A., Cengiz, A. E., Cabuk, S. N., Agacsapan, B., & Cabuk, A. 

(2022). Evaluation of comparing urban area land use change with Urban Atlas and CORINE data. Environmental 

Science and Pollution Research International, 29(19), 28995-29015. https://doi.org/10.1007/s11356-021-17766-y  

https://doi.org/10.1007/s10980-020-01027-3
https://doi.org/10.1007/s11252-009-0101-3
https://doi.org/10.1016/j.eist.2021.05.004
https://doi.org/10.1016/j.isprsjprs.2013.12.010
https://doi.org/10.1016/j.isprsjprs.2013.12.010
https://doi.org/10.1016/j.landurbplan.2021.104062
https://doi.org/10.1016/j.cities.2018.11.023
https://doi.org/10.1016/j.cities.2018.11.023
https://doi.org/10.5281/zenodo.7351470
https://doi.org/10.1007/s11269-011-9854-6
https://doi.org/10.1016/j.habitatint.2020.102296
https://doi.org/10.1007/s10980-008-9273-0
https://land.copernicus.eu/en/products/corine-land-cover
https://land.copernicus.eu/en/products/corine-land-cover
https://doi.org/10.1016/j.envpol.2024.123734
https://doi.org/10.1016/j.gexplo.2013.08.012
https://doi.org/10.1016/j.gexplo.2013.08.012
https://doi.org/10.1126/science.1150195
https://doi.org/10.1016/j.trd.2014.07.001
https://doi.org/10.1023/A:1021270121630
https://doi.org/10.1016/j.rse.2017.12.003
https://doi.org/10.3390/land10050537
https://doi.org/10.3368/lj.27.1.41
https://doi.org/10.1007/s11356-021-17766-y


Серія «Геологія.  Географія. Екологія», 2025,  випуск 62   

- 172 - 

34. Batrymenko, O., Chomko, D. & Tkach, O. (2024). Decarbonization as a multilateral political mechanism for carbon 

regulation. Geology Geography Ecology, 60, 323–334. https://doi.org/10.26565/2410-7360-2024-60-23  

35. Cui, Q. & Li, Y. (2015). An empirical study on the influencing factors of transportation carbon efficiency: Evidences 

from fifteen countries. Applied Energy, 141, 209-217. https://doi.org/10.1016/j.apenergy.2014.12.040   

36. Iukhno, A., Opara, V. & Buzina, I. (2022). Improving of ecological and economic management of land resources by 

with zonal aspect. Geology Geography Ecology, 56, 277–295. https://doi.org/10.26565/2410-7360-2022-56-21  

37. Lu, H., Xiao, C., Jiao, L., Du, X. & Huang, A. (2024). Spatial-temporal evolution analysis of the impact of smart 

transportation policies on urban carbon emissions. Sustainable Cities and Society. 101, 105177. 

https://doi.org/10.1016/j.scs.2024.105177   

38. Zhang, Z. (2018). Artificial Neural Network. In: Multivariate Time Series Analysis in Climate and Environmental 

Research. Springer, Cham. https://doi.org/10.1007/978-3-319-67340-0_1  

39. Wu, Y.-C., & Feng, J.-W. (2018). Development and application of artificial neural network. Wireless Personal Com-

munications, 102(2), 1645-1656. https://doi.org/10.1007/s11277-017-5224-x  

40. Shu, B., Chen, Y., Zhang, K., Dehghanifarsani, L. & Amani-Beni, M. (2024). Urban engineering insights: Spatiotem-

poral analysis of land surface temperature and land use in urban landscape. Alexandria Engineering Journal, 92, 

273-282. https://doi.org/10. 1016/j.aej.2024.02.066  

41. Nor, A. N. M., Corstanje, R., Harris, J. A. & Brewer, T. (2017). Impact of rapid urban expansion on green space 

structure. Ecological Indicators, 81, 274-284. https://doi.org/10.1016/j.ecolind.2017.05.031  

42. Yang, L., Xian, G., Klaver, J. M., & Deal, B. (2003). Urban land-cover change detection through sub-pixel impervi-

ousness mapping using remotely sensed data. Photogrammetric Engineering and Remote Sensing, 69(9), 1003-1010. 

https://doi.org/10.14358/pers.69.9.1003  

43. Tabarelli, M., Aguiar, A. V., Ribeiro, M. C., Metzger, J. P., & Peres, C. A. (2010). Prospects for biodiversity conserva-

tion in the Atlantic Forest: Lessons from aging human-modified landscapes. Biological Conservation, 143(10), 2328-

2340. https://doi.org/10.1016/j.biocon.2010.02.005   

44. Smith, P., Davis, S. J., Creutzig, F., Fuss, S., Minx, J., Gabrielle, B., Kato, E., Jackson, R. B., Cowie, A., Kriegler, E., 

van Vuuren, D. P., Rogelj, J., Ciais, P., Milne, J., Canadell, J. G., McCollum, D., Peters, G., Andrew, R., Krey, V., ... 

& Sutherland, W. J. (2016). Biophysical and economic limits to negative CO2 emissions. Nature Climate Change, 

6(1), 42-50. 

45. Sun, D. & Kafatos, M. (2007). Note on the NDVI-LST relationship and the use of temperature-related drought indices 

over North America, Geophysical Research Letter, 34, L24406. https://doi.org/10.1029/2007GL031485  

46. Pickett, S. T., Cadenasso, M. L., Grove, J. M., Nilon, C. H., Pouyat, R. V., Zipperer, W. C., & Costanza, R. (2001). 

Urban ecological systems: Linking terrestrial ecological, physical, and socioeconomic components of metropolitan 

areas. Annual Review of Ecology and Systematics, 32(1), 127-157. 

47. Wolch, J. R., Byrne, J., & Newell, J. P. (2014). Urban green space, public health, and environmental justice: The 

challenge of making cities 'just green enough.' Landscape and Urban Planning, 125, 234-244. 

https://doi.org/10.1016/j.landurbplan.2014.01.017  

48. Şahin, M. T., Hadimli, H., Çakır, Ç., Yasak, Ü., & Genişyürek, F. (2025). The Role of Urban Landscape on Land 

Surface Temperature: The Case of Muratpaşa, Antalya. Land, 14(4), 663. https://doi.org/10.3390/land14040663 

49. Soldak M., Mezentsev K., Batunova E., Haase A., Haase, D. (2024). Emergent urban resilience in Ukraine: Adapting 

to polycrisis in times of war. Ekonomichna ta Sotsialna Geografiya, 92, 6–13, https://doi.org/10.17721/2413-

7154/2024.92.6-13 

50. Kostrikov, S. V., Niemets, L. M., Sehida, K. Y., Niemets, K. A., & Morar, C. (2018). Geoinformation approach to the 

urban geographic system research (case studies of Kharkiv region). Visnyk of V. N. Karazin Kharkiv National Univer-

sity, Series "Geology. Geography. Ecology&quot;, (49), 107-124. https://doi.org/10.26565/2410-7360-2018-49-09  

51. Morar C., Lukić T., Valjarević A., Niemets L., Kostrikov S., Sehida K., Telebienieva I., Kliuchko L., Kobylin P., 

Kravchenko K.(2022). Spatiotemporal Analysis of Urban Green Areas Using Change Detection: A Case Study of 

Kharkiv, Ukraine, Frontiers in Environmental Science, 2022, 10, 823129 https://doi.org/10.3389/fenvs.2022.823129  

52. Valjarević A., Morar C., Brasanac-Bosanac L., Cirkovic-Mitrovic T., Djekic T., Mihajlović M., Milevski I., Culafic G., 

Luković M., Niemets L., Sehida K., Kaplan G. (2025) Sustainable land use in Moldova: GIS & remote sensing of 

forests and crops. Land Use Policy, 152, DOI: https://doi.org/10.1016/j.landusepol.2025.107515  

 

 

 

Authors Contribution: All authors have contributed equally to this work  
Conflict of Interest: The authors declare no conflict of interest 

 

 

  

https://doi.org/10.26565/2410-7360-2024-60-23
https://doi.org/10.1016/j.apenergy.2014.12.040
https://doi.org/10.26565/2410-7360-2022-56-21
https://doi.org/10.1016/j.scs.2024.105177
https://doi.org/10.1007/978-3-319-67340-0_1
https://doi.org/10.1007/s11277-017-5224-x
https://doi.org/10.%201016/j.aej.2024.02.066
https://doi.org/10.1016/j.ecolind.2017.05.031
https://doi.org/10.14358/pers.69.9.1003
https://doi.org/10.1016/j.biocon.2010.02.005
https://doi.org/10.1029/2007GL031485
https://doi.org/10.1016/j.landurbplan.2014.01.017
https://doi.org/10.3390/land14040663
https://doi.org/10.17721/2413-7154/2024.92.6-13
https://doi.org/10.17721/2413-7154/2024.92.6-13
https://doi.org/10.26565/2410-7360-2018-49-09
https://doi.org/10.3389/fenvs.2022.823129
https://doi.org/10.1016/j.landusepol.2025.107515


ISSN 2410-7360 Вісник Харківського національного ун іверситету імені В.Н.  Каразіна  

- 173 - 

Екологічні наслідки урбаністичного розвитку та  

стале управління ландшафтами: кейс Муратпаші, Анталія 
 

Фуркан Генішюрек 1 

аспірант, кафедра географії,  
1 Університет Акденіз, Анталія, Туреччина; 

Людмила Нємець 2  

д. геогр. н., професор, завідувач кафедри соціально-економічної географії 

і регіонознавства імені Костянтина Нємця,  
2 Харківський національний університет імені В.Н. Каразіна, Харків, Україна;  

Мехмет Тахсин Шахін 1 

д. філософії (географія), доцент, кафедра географії; 

Катерина Сегіда 2  

д. геогр. н., професор, кафедра соціально-економічної географії  

і регіонознавства імені Костянтина Нємця 

 

Інтенсивна урбанізація є явищем, що суттєво впливає на зміну довкілля та викликає серйозні занепокоєння 

щодо сталості розвитку міст. Тиск людської діяльності на екологічні території спричиняє скорочення та змен-

шення зв’язності регіональних екологічних мереж, підвищує рівень забруднення, погіршує екологічні функції та 

створює загрозу сталому розвитку міських територій. Це дослідження комплексно розглядає екологічні наслідки 

урбанізації та її вплив на міські ландшафти в районі Муратпаша міста Анталія, що включає аналіз екологічних 

наслідків урбаністичного розвитку в Муратпаші, виявлення впливу цього процесу на міський ландшафт через 

аналіз дотичних змінних, виявлення змін у землекористуванні та прогнозування їхньої майбутньої динаміки. До-

слідження має на меті подолання просторових нерівностей у розподілі зелених зон, оцінку викидів вуглецю та 

динаміки трансформацій міського ландшафту, а також формування рекомендацій щодо сталого міського плану-

вання. У роботі використано дані CORINE про землекористування, супутникові знімки Landsat, Протокол GHG, 

штучні нейронні мережі та геоінформаційні системи (ArcGIS). Проведено оцінку зелених зон, класифікацію зем-

лекористування, розрахунок викидів вуглецю, а також прогнозування змін у землекористуванні до 2040 року. Крім 

того, було здійснено аналіз розподілу зелених зон на рівні мікрорайонів залежно від щільності населення. Дослі-

дження виявило різке зростання кількості автотранспорту та викидів вуглецю в Муратпаші в період з 1994 по 

2023 рік. У той самий час площі зелених зон скоротилися, а темпи урбанізації зросли. У прибережних районах 

спостерігалося більше зелених насаджень, тоді як у внутрішніх – значно менше. Прогнози на 2040 рік свідчать 

про подальше зменшення зелених зон і збільшення щільності забудови. Дані CORINE демонструють, що сільсь-

когосподарські угіддя та природні середовища зазнають суттєвого тиску внаслідок міського розвитку. Район Му-

ратпаша перебуває на критичному етапі в контексті екологічної сталості. Зменшення змін у землекористуванні, 

викидів вуглецю та просторової нерівності у розподілі зелених зон вимагає впровадження стратегій сталого мі-

ського планування. Збереження зелених насаджень, підтримка біорізноманіття та мінімізація вуглецевого сліду є 

ключовими умовами реалізації ефективної політики сталого розвитку. 

Ключові слова: сталість (стійкість), урбаністичний розвиток, міські зелені зони, прогнозування землеко-

ристування, викиди вуглецю, ArcGIS, штучна нейронна мережа, Муратпаша, Анталія. 
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