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Abstract: Tourism contributes to national and local economies especially in the Mediterranean and
Aegean coasts of Turkey including the study area, Fethiye-Gocek, Mugla in southwest Turkey. The
study evaluates land use/land cover (LULC) changes driven by tourism development as a case
considering the past (1995-2020) and future environmental impacts on the area. High-resolution
remote sensing and some socio-economic data were employed to monitor the situation and causes of
LULC changes using Normalised Difference Vegetation Index (NDVI) and Land Surface Temperature
(LST). The results show a decrease in the size of water surface, forest and maquis lands due to tourism
development together with an increase in urban fabrics and bare lands due to urbanisation and forest
fires. A significant positive correlation was detected between the urbanisation rate, population size
and built-up area as well as air temperature and LST. Rapid and unplanned tourism development
boosted investments for infrastructure and facilities and thus increased the demands for lands. Such
lands were mostly gained by filling the sea or transforming agricultural and greenhouse areas, forest
and maquis-covered lands. The unplanned development of tourism and urban areas caused serious
hazards to the natural and cultural areas which threaten the sustainability of tourism. Planning
suggestions are proposed to decision makers like coordination works for sustainable and responsible
tourism development.

Keywords: tourism development; land use/land cover change; land surface temperature; Fethiye-
Gocek

1. Introduction

Land use/land cover (LULC) changes are counted among the most important human-
induced external forcings to Earth’s climate system as well as greenhouse gas emissions
(GHG) from fossil fuel combustion in industrial and urbanisation processes [1].

LULC changes, which result mainly from human population increase due to natural or
compulsory processes like migration at a specific point, refer to a conversion or transforma-
tion of rural/natural lands covered generally by vegetation into urban areas, agricultural
lands or other functions where human activities are dominant [2]. Such changes result
in albedo differences and decayed atmospheric features due to emitted greenhouse gases
and aerosols, and radiative forcing (i.e., local, regional or global warming; [1,3-5]). The
changes in LULC are in fact the result of the ever-increasing demand for space as a result
of a nation’s adopted socio-economic policies and systems. The changes in LULC types can
be affected by economic development preferences like those involving the manufacturing
or construction sector, even land rent depending on the service industry which needs and
triggers new lands to build facilities and land valuation [6-10]. As a developing country,
Turkey has experienced all of the aforementioned examples of changes in LULC in its mod-
ern history since the 1950s when a great rural migration to industrialising cities occurred,
where unprecedented urban sprawls were created in an unplanned and illegal manner,
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then from the 1980s onwards urban sprawls on farmlands and land transformations leading
to increased urban density [11] continued based on land rent due to economic growth and
population increases in metropoles as in other countries of the world (e.g., China; [12-16]).
Causes, sizes, results and management of the changes in LULC have long been on the
agendas of policymakers and scientific literature which focuses on the spatial and temporal
aspects as well as the driving forces at specific scales [16-19].

The tourism industry has taken place among the most important socio-economic
development opportunities in Turkey since especially the mid-1980s and sectoral indicators
(like arrivals, overnights etc.) have increased with only a few interruptions (like the
political crises, terror attacks and 2020/21 COVID-19 pandemic). For instance, the number
of travellers and tourism revenue of the country have increased every year over the last
three decades. Turkey shelters three of the 100 most popular tourism destinations in the
world [20]; i.e., Istanbul, Antalya and Mugla, which have cultural heritages and sea, sand
and sun tourism potential from the Aegean and the Mediterranean Sea and are ranked the
9th, 12th and 81st by hosting 14.7, 13.3 and 2.92 million visitors in 2019, respectively.

Tourism is among the largest and fastest growing economic sectors in the world,
including in Europe and Turkey, which generates serious employment rates (one in 10 jobs
around the world) and contributes to local, regional and national socio-economic develop-
ment [21], community welfare and conservation of natural and cultural assets [22]. Many
countries, including Turkey, which give priority to tourism in their long-run development
pathways are in fierce competition to benefit from larger shares of tourist revenue and
employment [23,24]. The tourism industry is also associated with some negative impacts
on nature and the climate, like causing changes in LULC and increasing GHG emissions be-
sides being vulnerable to climate-related risks [22,25]. As a labour-intensive sector, tourism
involves numerous human activities in its value chain and requires spatial organisations for
the development of accommodation facilities, entertainment areas (such as infrastructures
like pools etc.), transport infrastructures, food and beverages facilities etc. Therefore, the
sector causes, drives and triggers LULC changes since it also creates attractive points for
financial investments, land valuation and impacts on other subsectors in the value chain of
the sector [26]. Efforts to meet strong demands for land due to the rapid tourism develop-
ment which has also been prioritised mainly by omitting the sustainability of natural and
cultural resources due to competition is beginning to cause irreversible outcomes especially
in the forest and coastal areas [27,28] and farmlands.

Coastal regions of Turkey began to be occupied by the functions involving tourism-
related activities from the early 1970s [29]. Aggressive investment for both infrastructure
by the government and facilities by private sector tourism development has been causing
LULC changes together with numerous impacts on natural and cultural heritages. Mugla
province, which is among such areas located in the southwest part of Turkey, ranks as
the 3rd largest destination in the country to host visitors especially in summer for its
unique nature, sea (Mediterranean and Aegean) and cultural heritage. The study area,
Fethiye district is located on the border of Mugla province and is also a world-famous
summer tourism destination. With the development of the tourism industry in the area,
a dramatic change has been experienced in LULC in the study area which also covers
Fethiye-Gocek Special Environmental Protection Area (SEPA) where critical protection
priorities are offered for special conservation needs.

Even though the impacts of coastal tourism-related human activities on LULC changes
have long been investigated to show the need for planned and sustainable tourism develop-
ment in the most demanded parts of the Mediterranean region in Turkey like Antalya [29],
Datca and Bodrum (Mugla) [30,31], there is still a need in the literature to follow these
impacts periodically in different parts of the region where tourism and related human activ-
ities densify year by year. Therefore, the aim of the present study is to monitor the spatial
and temporal LULC changes in the Fethiye district between 1995 and 2020 associated with
tourism development. The study follows the changes in LULC through NDVI and land
surface temperature (LST) and evaluates the impacts of the changes driven by tourism
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activities on the environment to offer suggestions for local governments and decision
makers to manage lands and sustainable tourism. The study can also contribute to the
literature on the changes in LULC driven by tourism in the sample of the 3rd largest tourist
destination in Turkey as a case study.

2. Materials and Methods
2.1. Study Area

The Mediterranean region of Tukey has faced abrupt and dense LULC changes in
recent times where natural ecosystems including coastal areas and the sea were largely
transformed into built-up areas for various aims, mainly tourism-dependent develop-
ment [31]. The study area was selected as Fethiye-Gocek SEPA in Mugla province in the
farthest southwest area of Turkey (36°37' N; 29°07’ E). The area is a worldwide famous
summer tourism destination. It is located on the ancient city of Lycian with a recorded
history starting in the 5th century BC. The area is in the cross-section of the Mediterranean
and Aegean geographic regions. Very hot, dry and long summer and cool and rainy winter
conditions are prevalent in the area with the average climatic values given in Table 1. The
prevailing wind direction is west during the daytime and east at night time. The study area
is located in an isolated basin with mountains that run perpendicular to the coast with an
open valley to the sea winds (Figure 1).
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Figure 1. Location map of the study area in Turkey.

The area attracts a considerable number of tourists every year. Mugla province totally
accounts for above 5% of the country’s total tourist arrivals (domestic and international)
while the Fethiye district also attracts nearly 10% of the total tourist numbers in Mugla on
average between 2015 and 2020 (Table 2).
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Table 1. Average values of meteorological parameters [32].

MUGLA

Measurement Period January February March  April May June July August September October November December  Annual
(1928-2022)

Mean temperature (°C) 53 6.1 8.5 128 178 228 264 26.3 219 16.2 10.8 7.0 15.2

Mean maximum

temperature (°C) 9.8 11.0 14.1 189 243 296 334 33.6 29.3 23.1 16.7 11.5 21.3

Mean minimum

temperature (°C) 1.6 1.9 35 70 114 161 197 19.6 15.3 10.3 5.9 32 9.6

Mean sun shine

duration (houn 35 4.4 5.7 73 87 105 114 10.9 9.5 6.8 47 33 7.2

Mean number of 14.95 12.32 10.47 861 737 372 152 1.41 2.62 6.32 9.67 14.53 93.5

rainy days

Monthly total 245.7 1783 1224 637 499 246 117 146 231 72.8 135.6 265.0 1207.4

rainfall (mm)

Extreme maximum

temperature (°C) 20.9 25.5 28.8 316 394 408 421 412 39.2 36.8 29.0 238 421

Extreme minimum —126 —9.9 -85 36 10 67 105 9.0 5.6 0.1 —-7.0 —9.0 —12.6

temperature (°C)

Table 2. Total number of tourist arrivals to the study area (million; [33]).

Years Fethiye (F) Mugla (M) Turkey (T) F/M (%) M/T (%) FIT (%)

2015 1.4 55 67.9 26.3 8.1 2.1
2016 0.9 4.6 59.4 19.9 7.8 1.6
2017 0.3 3.1 61.9 8.3 5.0 0.4
2018 0.4 39 719 9.5 5.5 0.5
2019 0.4 4.5 80.9 8.4 5.6 0.5
2020 0.3 23 419 11.7 55 0.6

2.2. LULC Retrieval

Information about LULC can serve many purposes such as following land develop-
ment, loss and degradation resulting from human activities, their impacts on the environ-
ment, ecosystem services, land management, atmosphere and climate [2]. The concept of
LULC focuses on the effects of the physical, chemical and cultural activities of humans on
land [34]. LULC changes are determined using classification systems which identify and
name the objects on the earth [35] and incorporate mapping and spatial data for object-
based analyses. Object-based classification methods generally work with high accuracy
using high-resolution satellite images [31] as in the present study. Satellite images are
used to determine the spatial distribution or transformation of LULC classes representing
different resolutions [36,37]. Remote sensing (RS) and geographic information systems
(GIS) have long been used effectively for the determination of changes in LULC [31,38,39]
with a combination of the required survey data and land information. Studies using satellite
images to monitor LULC changes are varied in their aims and scopes like forested areas [40],
water supply [41] and plant cover [42]. Different types of approaches are used to determine
the changes in LULC and to identify the spatial differences in LULC patterns considering
both temporal socio-economic and surface characteristics data [17,30,43].

Land surface and air temperatures (LST and AT) are affected by Earth’s surface
characteristics [43-45] and the size of changes in LST and AT is also affected by LULC
changes especially in built-up areas [46—48] with a strong correlation with the normalised
difference vegetation index (NDVI) and land cover changes caused by the urban built-up
environment [49]. LST can be calculated using satellite images and the correlation between
LST and changes in LULC is high, which gets higher with the increases in the amount of
built-up surface and losses of natural lands [50].

Remote-sensing techniques were used in the present study for the assessment of the
spatial and temporal LULC changes between 1995 and 2020 in Fethiye-Gocek SEPA as in
other studies [30,31,51-53]. For this purpose, satellite images of Landsat-5 Thematic Mapper
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(TM) for 6 July 1995; 28 July 2003 and Landsat-8 Operational Land Imager (OLI)/Thermal
Infrared Sensor (TIRS) for 19 July 2020. These images were obtained from the United States
Geological Survey (USGS). Mean accuracy values for each image are 0.96; 0.92 and 0.96,
respectively, and each image was evaluated at 30 x 30 m spatial resolution (path/row:
188/33). Data were classified in the ERDAS Imagine 9.1. Great attention was paid to
selecting each image in the same months and on cloudless days. First, a band joining
process was performed on the supplied Landsat satellite images. After joining, the image
bands were corrected radiometrically and geometrically (100 control points were used for
geometric correction). The images were classified in an uncontrolled manner according to
the ISODATA (Iterative Self-Organising Data Analysis) algorithm. Classification was made
by assigning 100 classes to each of the images in 4-3-2 band combinations where the colour
distribution is closer to the actual cover. WGS 84 coordinate system was used and geo-
rectified to zone 35. Landscape diversity was categorised according to the CORINE index,
which contains 44 classes and three LULC data levels, the first of which was employed in
the study.

2.3. LST Retrieval

Because different land uses represent different heat absorption rates and emissivity,
which result in LST fluctuations [54], parameters such as the percentage of built-up areas,
vegetation, water bodies, agricultural and bare lands and rocky terrains are also considered
to be the dominant land characteristics. Since the aim of the study is to determine the
changes in the size of LULC in the study area, changes in the spatial distribution of LST
were followed during the study period through Landsat 5-7-8 satellite imagery in the
hottest summer months. Landsat TM/ETM+ images (band 6) and Landsat developed
imaginary of 8 Thermal Infrared Sensors (OLI/TIRS) (two bands 10 and 11) and Radiative
Transfer Equation (RTE) method were used to calculate LST. Images of each study year
were computed and subjected to geometric corrections. The single channel algorithm and a
combination of supervised image classification techniques were used to derive LST and
for mapping the periodic changes in LULC. A mono-window algorithm was also used for
the retrieval of LST from Landsat 5 TM band 6, Landsat 7 ETM+ band 6 and Landsat 8
OLI/TIR band 10-11. LST was computed using Equation (1) and the stages in the flowchart
in Figure 2.

TB

1t (xxTB/p)Ine

where TB is effective at satellite temperature in K, X is the wavelength of emitted radiance
(th=11.5 um), b is 1.438 x 1072 m K and ¢ is the wavelength efficiency [55,56].
The following equations were used at the stages given in Figure 2.

1.  Conversion Digital Number (DN) to TOA Radiance

LST )

o LMAXA — LMINA
7= \ OCALMAX — QCALMIN

> (QCAL — QCALMIN) + LMINA

Lo — 15.303 — 1.238
N 255 -1

)-(BAND6 —1)+1.238
2. Convert radiance into Brightness Temperature (BT) (In Kelvin)
K1
T=K2/In| — +1
/ln < I + )

607.76 1)

T =1260.56/In (Radiamevalw

3. Convert Degree Kelvin into degree Celsius

C=T-27315
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where:
T = Effective satellite temperature in Kelvin
K2 = Calibration constant 2 (1260.56 for Landsat 5 TM)
K1 = Calibration constant 1 (607.76 for Landsat 5 TM)
LA = Spectral radiance in (Watts/ (m?-sr-pm))
QCAL = Quantized calibrated pixel value in DN
LMAXA = Spectral radiance scaled to QCALMAX in (Watts/(m?-sr-um))
LMINA = Spectral radiance scaled to QCALMIN in (Watts/ (m?-sr-pm))
QCALMIN = Minimum quantized calibrated pixel value in DN
QCALMAX = Maximum quantized calibrated pixel value in DN

| Landsat 5 TM, 7+ETM, 8OLI \

| Thermal Bands |

GIS (Map Algebra)

l

Conversion of Digital Number (DN) Values to Top of
Atmosphere (TOA) Radiance

l

Conversion of Radiance to Brightness Temperature (BT) in Kelvin

Conversion of Kelvin to Degree Celsius

Land Surface Temperature (LST) for Band 6 of Landsat 5

1

Extraction of Study Area by Mask

Il

LST for Study Area

Figure 2. LST flowchart for ArcGIS.

2.4. NDVI Retrieval

NDVTI is the representative of the vegetation covered surfaces [57] in the study. Index
values show the temperature differences for the ecological characteristics of surfaces (e.g.,
green or brown surfaces). Equation (2) was used to determine NDVI as a ratio of measured
reflectance in the red to near infrared (NIR) spectral bands.

near IR band — red band
NDVI = near IR band + red band

@

The index band changes from —1 to +1. The higher value indicates higher vegetation
cover. Green vegetation has a higher reflectance value [58,59].

3. Results and Discussion

Three clustered maps were produced to classify LULC considering supervised max-
imum likelihood classification. Six LULC classes were identified in the CORINE legend;
water surface, urban fabric, farmland, forest, shrubs and others (little or no vegetation
like naked surfaces; [60,61]). The water surfaces as a class consist of sea, lake, river and
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1995
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wetlands and represent the largest surface area within the borders of Fethiye-Gocek SEPA.
Both sea and land surfaces are included in the boundaries of the study area due to their
protection status. The population of the Fethiye district in both its rural and urban area
is 177,702 and the study area covers nearly 105,000 people with the population increase
rate of nearly 3% a year [62]. It is interesting to find in the study that even though the area
has been under protection for a long time due to the presence of sea turtles and endemic
plant species, the total water surface area covered 34,561 ha in 1995, which decreased by
approximately 331 ha in 2003 and 337 ha in 2020 (Table 3). This shows the loss (shrinkage)
is not only on lands but also in the sea due to land reclamation (filling the sea and coastal
areas to open lands for new functions), drying wetlands in spite of their legal protection
status. Such areas are produced for urban development, constructing new buildings and
facilities for touristic aims as the area is close to the city centre (Figure 3). As can be seen
also in Table 3, the largest increase is experienced in urban fabrics with 4675 ha compared
to 1995.

2003

2020

I Building M Forest Others
Farm Maquis || Water

Figure 3. Comparing the spatial distribution of the changes in LULC between 1995, 2003 [63]
and 2020.

Such changes in both land and sea surfaces are also monitored for the past and
future [64] in order to detect the impacts of both human activities and climate change (sea
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levels rise). Land reclamation by filling the sea with debris is a really problematic situation
for the future when considering climate hazards, however; many examples can be seen in
the coastal parts of Turkey where land prices are high like Istanbul [65]. The size of forest
cover in the study area was 27,895 ha at the beginning (1995), but decreased by 329 ha
in 2003 and reached 27,181 ha in 2020. Among the causes of this decrease are forest fires
and opening the land for agricultural activities. The total decrease in forest area reached
714 ha between 1995 and 2020. Forest area is composed mostly of red pine trees. The
magquis (shrub) flora, which is mixed with red pine forests, consists of oak and olive trees.
The maquis covered area also decreased by 1055 ha between 2003 and 2020 depending
on large-scale forest fires. Monitoring the loss and damages of fires on forest areas is an
important point in the Mediterranean region, where there is an increase in the frequency
and periods of fires [66]. Another important point is the reforestation activities after fires
without giving any functions on burnt areas in the study area [31].

In 1995, a majority of the area was covered by water surface and the water surface
temperature was detected to vary between 18 and 20 °C. Land reclamation by filling the
sea for developing urban use reduced the water surface area. In the existing and newly
opened urban areas, the population reached up to 85,000 and the surface temperature
was calculated to be 40 to 45 °C. As a result of these changes between 1995 and 2003, the
transformation of water surfaces (decreasing by 337 ha) into structured urban surfaces also
triggered the formation of urban heat islands (UHI). During this period, thermal properties
of the surfaces also changed and surface temperatures increased greatly (as shown in other
studies like [51,67-75]). From the surface image for 2020, the temperature change can be
seen at the junction of the coastline with the sea up to 40 °C. Losses in agricultural lands
are also reflected in temperature maps. Due to the transformation of agricultural lands into
urban and structured areas in the study period, the temperature change is also higher in
the LST map for the whole period (Table 3).

Table 3. LULC changes in 1995 and 2003 [63] and 2020 and between the study years.

LULC Types Changes for the Years (ha) Changes for the Periods (ha)

1995 2003 2020 1995-2003 2003-2020 1995-2020 Trend
Water (Sea, lake, river wetland) 34,561 34,230 34,224 331 6 337 Decrease
Forest (Coniferous, broad leaved) 27,895 27,566 27,181 329 385 714 Decrease
Maquis 12,289 12,982 11,927 —693 1055 362 Decrease
Farm (Planted, greenhouses) 1840 1511 930 329 581 910 Decrease
Building (Urban fabric) 1159 4078 5834 —2919 —1756 —4675 Increase
Others (Bare lands, coastal sands 3858 1235 1506 2623 —-271 2352 Decrease

Surfaces representing agricultural lands cover cultivated—planted areas and green-
houses. Agricultural activities are carried out mostly in greenhouses in the study area.
From 1995 to 2020, in total 910 ha agricultural land was lost to various uses, mainly con-
struction/urbanisation since these areas are in close proximity to urban areas. Built-up
urban areas converted from agricultural lands rapidly reached up to 2919 ha between 1995
and 2003 and 1756 ha between 2003 and 2020. Such changes in agricultural areas are seen
in some other studies like [76,77], where similar reasons with the present study are pro-
posed such as urbanisation, land price increases and industrial areas. With the increasing
awareness among local people for the protection of lands, speed of the losses slowed down
in recent years. A decrease is observed in the rate of transformation of agricultural and
forestry areas into constructional areas. While there was a decrease of 2623 ha initially
(1995-2003) in other areas consisting of open surface and coastal beaches depending on the
urbanisation speed, a slight increase (271 ha) has been observed in recent years (Table 3).
The rapid increase in the afforestation activities in the last decade has also lowered the rate
of the transformation of other LULC into urban area.
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LST computation results reflected the maximum temperatures on built-up and naked
(without vegetation cover) surfaces (nearly 40 °C) and minimum on forested areas. LST
maps also reveal that open surfaces, i.e., sand and bare rocks, reflect temperature values up
to 40 °C and depending on the density of vegetation cover, temperatures range between
15 °C and 20 °C in maquis covered areas and red pine forests. Unfortunately, temperatures
observed in urban surfaces reached up to 45 °C. In addition, high temperature values
are also seen in the forests in the northern part of the study area due to enlarging village
settlements in the forests where structural materials are used densely even if they appear
as small points (Figure 4).

1995
wm High 45.93 5 = ’ 5 ww High: 43,34
B Low: 17.93 28 g S Low: 19.73

2020
ww High: 47.03
E Low: 22.97

Figure 4. Spatial distribution of LST in the study years.

Relationship between the changes in LULC (ha) and LST (°C) was determined using a
simple linear regression model. The correlation was found to be significant at 0.05 level
(p < 0.05; Figure 5).
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Figure 5. Linear regression model for LST and LULC.

According to statistical evaluation, both forest and agricultural lands show a negative
correlation with LST while built-up urban lands have positive correlation. The relationship
between the changes in LULC and LST reflected that the forested areas (coniferous) and
water surfaces (sea) correspond to the minimum, deciduous forests and agricultural lands
moderate, and rural and urban settlements, naked soil surfaces and burned forest areas
maximum LST, which was observed to vary depending on the evaluated parameters like
water surface and vegetation cover. It was found that a 10-percent rise in vegetation density
led to a decrease in LST by approximately 1.3 °C. LST is about 14 °C in forest and 45 °C in
urban structured surfaces (Figure 6). NDVI indices were taken as <0.2 for computational
evaluation. The highest NDVI values were found over the dense vegetation areas while
the lowest NDVI was observed over urban built-up areas, barren lands and water bodies
(Figure 6).

NDVI (2003)

™ High: 0.74
B ow: -0.28

Cont.

Figure 6.
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NDVI (2020)
w High: 059
B Low: —0.24

Figure 6. Spatial distribution of NDVI in the study years.

NDVI and LST are affected by several physical and climatic factors like vegetation,
solar radiation and surface air temperature, rainfall and others [51,75,78-81], and a strong
negative relationship is present between them as expected in all study years. In built-up
areas, NDVI causes a very significant cooling effect in the study area (as it does in other
studies like [82]; Figure 7).

NDVI & LST (1995) 1995

06 a0 a5

NDVI
LST

5 y ==12.666x + 39.062
R?=-0.63
01 = 0 0
Distance (Km) 0.1 0 01 02 03 04 05 06

mmNDVI —NDVI=0.2 —LST NDVI

NDVI & LST (2003) 2003

07 40 5

NDVI

y =-10.129x + 38.356
R? =-0.59
0.1 0.2 0.3 0.4 0.5 0.6 0.7
EENDVI —NDVI=0.2 —LST NDVI

Distance (Km) 0.1 0

Figure 7. Cont.
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NDVI

05

0.2

NDVI & LST (2020) 2020

2 y =-18.851x + 44.39
R?=-0.59

Distance (Km) -0.2 0.1 0 0.1 0.2 03 04 0.5

EENDVI —NDVI=0.2 —LST NDVI

Figure 7. The relationship between NDVI and LST in the study area and study period.

A negative relationship/correlation between vegetated land and LST also continues in
all years as detected in previous studies [74,83,84]. The regression coefficient was obtained
as —0.63 for 1995 and —0.59 for both 2003 and 2020. The reason for the smaller regression
is the loss of forest, maquis and farm lands.

Turkey’s Mediterranean region is exposed to rapid tourism development and related
human activities, especially urbanisation depending on tourism development. Therefore,
various rates of LULC changes have been experienced as determined in previous stud-
ies. In such a study [29], land use changes in South Antalya were detected over the past
30 years with their impacts on agricultural lands and natural forests (816 and 457, respec-
tively) for constructing tourism facilities like hotels, service buildings and settlements.
Another study [30] carried out for the adjacent two peninsulas to the study area, Datca
and Bozburun, where tourism activities have developed more recently than the study
area and Bodrum used a similar methodology and period (1997-2018). The mentioned
study showed that construction, road opening and tourism activities caused the changes in
land cover between 1997 and 2018 in coastal and forest areas as in the present study. In a
similar study [31] conducted over the same province with the study area but a different
world-famous tourism district, Bodrum, including nearly the same period (1990-2021) and
using a similar methodology, land cover change was detected due to the development of
tourism activities. Main land cover change types are urban fabrics and burnt forest areas
which appeared frequently after marine and coastal tourism developed while forests and
semi-natural areas decreased.

4. Conclusions

It is interesting to see that the study area is a specially protected area, however lands
are lost for economic activities in the area. The study was conducted using high-resolution
surface data for spatial analysis. According to the results of the analysis over a 25-year
period, when tourism activities and dependent land transformation showed a constantly
increasing trend, mainly the water surface (i.e., sea) has been converted into a structured
surface by filling the sea which is among the most hazardous activities due to the climate
change-related sea level increase. Another LULC change is observed in the same period
from forestlands to structured or urban lands due to touristic infrastructure, facilities and
urban expansion/sprawl in order to open areas for housing human populations which
has increased due to tourism development. Severity of LULC changes is the highest at
the coastal zone even though the protection status of the area also includes the water
surface. Even the interior part of the area (deep forest in the north) was exposed to this
transformation from forest to structured surface due to the enlargement of rural settlements
and use of unsuitable construction materials in the protected area. During the study period,
the surface area of urban settlement increased continually while that of forest and farmland
decreased especially in the plain areas in the coastal zone. The booming of tourism activities
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caused serious unplanned developments, changed the LULC in the area by degrading
landscape characteristics and forest/maquis cover and coastal lines. Unplanned structural
developments driven by tourism and its subsectors has been causing losses in priceless
natural and cultural heritages in the area. These losses are expected to increase depending
on the impact of climate change. In such a case, the area will also lose its advantage and
competitiveness as a world-famous tourism destination even though there is an increasing
local awareness about sustainable and responsible tourism development.

Present conditions of the study area were determined to negatively impact the liveabil-
ity conditions of both dwellers and tourists due to extremely high surface temperatures in
the settlements by causing UHI effects. Urban open green spaces and water surfaces play
an active role in reducing urban temperatures and presenting more liveable environments
to people. Therefore, urban forests, green roofs and vertical gardens and water surfaces
must be created or protected to supply an optimum cooling effect and bioclimatic comfort.

The results of the present study are expected to contribute to decision makers and
tourism planners to perceive the relationship between the changes in LULC, LST and NDVI.
The study area is under the legal protection status and some development plans were
prepared and implemented by the responsible authorities with various aims. However,
there are always discrepancies or conflicts between the decisions of plans from different
authorities. In order to develop sustainable tourism together with sustainable LULC in the
future, an unchangeable, participatory and adopted plan should be prepared considering
the impacts of climate change and this plan should be implemented by obeying its decisions
strictly. It is also thought that the results and the method used in the study can be preferred
to monitor the future LULC changes periodically.
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