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Abstract

The rapid urbanization of cities has led to a radical change in the use of land in cities with the
accompanying climate change. It has formed urban heat islands, which have begun to be characterized
by climatic conditions such as temperature, precipitation, humidity and wind that differ from the
surroundings of cities. It is observed that the heat island effect is felt more intensively day by day,
especially in large cities such as Ankara, where urbanization is increasing. It is possible to determine
and analyze the urban heat island effect using satellite technologies. Google Earth Engine (GEE) is
an online platform that enables remote sensing users to efficiently perform big data analysis without
increasing the demand for local computing resources. In this study, NDVI (Normalized Difference
Vegetation Index) and LST (Land Surface Temperature) spectral indices were analyzed using Google
Earth Engine, remote sensing and GIS techniques in four important parks with different sizes and plant
diversity located in the urban area of Ankara. The NDVI and LST results were then analyzed with zonal
statistics. Although studies have shown that urban parks create a temperature change effect of about
1°C, it has been observed that the temperature difference is about 3 °C in this study. These results show
that the urban heat island effect is increasing in Ankara province, where the effects of climate change

are seen rapidly.
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Introduction individuals in developed countries live in cities by 2021

[1]. Since it is predicted that urban population growth

Urban areas are becoming more and more will continue, with approximately 67% of the world’s
important as 56% of the world’s population, and 79% of population will live in urban areas by 2050. Therefore,

a better understanding of the complex processes at the
intersection of urbanization, climate and human health
is required [2].
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Urbanization is an anthropic change that creates
changes in surface materials due to vegetation
suppression, albedo variation and soil tightness,
affecting the local energy balance, and contributing to
the formation of the UHI [3]. Urbanization has been
associated with an increase in the size and intensity of
the UHI effect, which causes high levels of air pollution
and heat, especially in summer [4, 5]. This effect is a
result of the greater absorption of electromagnetic energy
and the slow cooling of urbanized surfaces compared to
surrounding areas with the presence of vegetation [3].
Many studies on Urban Cool Island (UCI), which aim to
reduce the UHI effect with effective landscape planning,
suggest that urban parks, which are an essential part
of the urban forest, can achieve this by creating cool
islands in a city [6-8]. Urban parks, considered an
important part of the urban plant vegetation in cities,
are an important urban green area that can form a “Park
Cool Island (PCI)” cooler than the built-up areas around
them [9-12]. The presence of urban parks can effectively
improve the urban thermal environment and reduce
the effects of UHI. Planning and design disciplines
play a significant role in understanding how to design
urban parks by paying attention to PCI density [12].
In the urbanization process, the change in Land Use/
Land Cover (LULC), the natural landscape is replaced
by urban texture, a pattern defined as urban warming
and characterized by higher temperatures than the
surrounding rural environment [13].

The urban heat island (UHI) effect is accepted as
the most determinant heat accumulation phenomenon in
the urban climate of the urban texture [14]. The urban
temperature factor is one of the most critical factors
affecting the urban climate, regulating and controlling
various processes [15-17]. Studies on urban climate
have shown that urban surfaces’ thermal, optical and
geometric properties absorb heat and affect the radiation
properties, leading to the effect called UHI [13, 18].
Impervious surfaces that absorb more solar radiation are
among the main factors in forming urban heat islands
resulting from LULC transformation [19-21]. Urban
Heat Islands can be characterized as surface urban heat
islands (SUHI), referring to the land surface temperature
and measuring the air temperature in the urban canopy
layer [19, 22].

Previous research has discovered a relationship
between the cooling effect of urban parks and vegetative
properties [4, 10, 12, 23]. The surface characteristics of
the designed urban park significantly affect the urban
thermal environment [4, 24]. Many studies have found
that green spaces’ green lands or water bodies have a
cooling effect [4, 8, 23]. PCI effect decreases linearly
with the increase of urban park shape (perimeter/area)
[25], and with increasing complexity in shape, the
cooling effect of urban parks decreases [12].

Studies conducted over the past two decades have
focused on the PCI density of urban park features.
In these studies, it was seen that there was a positive
correlation between PCI density and urban park size

[6, 8, 12, 25, 26]. In addition to studies focusing on the
size of the urban park, studies have been conducted on
the possibility of being related to other features of the
park, such as urban forest structures [26]. Emphasizing
the importance of urban park size as well as the shape of
the urban park, the study states that urban park size is
the most crucial factor affecting PCI density. Therefore,
increasing urban park size could be an essential way to
increase PCI density and reduce UHI impacts [12].

It has been observed that urban parks are, on average,
4.52°C (3.77°C) cooler than their surroundings during
the summer (autumn) months, which confirms the term
“urban cool islands” [12]. As a result of some studies,
it is known that the PCI intensity measured by LST is
higher than that measured by air temperature [10, 12,
26, 27]. Due to the PCI density that varies according to
the seasons, it is seen that the cooler effect of the parks
is higher than in other months, especially in summer.
The fact that PCI density varies greatly between parks
has shown that these differences may be related to urban
park characteristics [12, 25, 28].

The studies show that plants’ shading and
transpiration properties in urban open green areas such
as urban parks effectively reduce the air and surface
temperature [29]. Plant material can alleviate the UHI
effect by increasing the humidity in the air [30-32].

The UHI effect can be measured in two ways: by
measuring the urban heat island effect in the air using
the meteorological stations networks and by measuring
the UHI at the surface temperature using remote
sensing [33]. The current situation and time-dependent
changes can be determined economically and quickly
using Land Surface Temperature (LST) maps obtained
using thermal remote sensing data. The data obtained
with LST maps can be used in different applications,
such as land cover and vegetation change analysis [34].
In his first study, Rao (1972) produced the land surface
temperature map obtained with satellite thermal data
and suggested that this data could measure the UHI
effect [35].

Satellite remote sensing techniques use different
wavelengths from the electromagnetic spectrum, such
as visible near-infrared (VNIR) and shortwave infrared
(SWIR) bands, to monitor the different types of land
surfaces. Today, remote sensing spectral indexes, such
as the NDVI, measure relative greenness [36] and the
NDVI can be used as a general indicator of vegetation
cover. NDVI is also helpful in determining the
production of green vegetation and detecting vegetation
changes [37].

In addition, thermal infrared (TIR) bands are also
used to identify land surface temperature characteristics.
The most popular index for vegetation in LST estimation
is NDVI. High LST is associated with low vegetation in
mixed urban terrain [38].

NDVI is used for different applications such as
vegetation mapping, LULC, urban planning and LST
monitoring [38-40]. LST deals with the UHI effect and
changes significantly in an urban area [38, 41, 42]. It has
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been found that there is a negative correlation between
NDVI and LST [38, 43-46]. LST decreases with
increasing vegetation [47]. In the twenty-first century,
urban expansion and growth are responsible for creating
urban heat islands or regions with high LST within the
city [38, 48-50]. Following the decrease in green cover
and construction increase, LST is doomed to increase.
Green space is the basic need of any city as it is
necessary for a healthy life and preserves the aesthetic
and ecological beauty of urban areas [45].

When the climatic and topographic data of Ankara
city center are evaluated, it is seen that the city center
is gathered in an area remaining in a pit and forms a
settlement network towards its surroundings. Ankara’s
this bowl-shaped model originating from the land
structure, has taken the city away from the compact
form over the years and transformed it into a form where
dense construction is seen together. For all these reasons,
a barrier has formed around the city and has revealed
the heat island effect that prevents air flow. Studies show
that Ankara is highly vulnerable to the effects of climate
change. Especially in large cities such as Ankara, where
urbanization is gradually increasing, it is observed that
the heat island effect is felt more intensely day by day. In
the “Climate Change Action Plan” published by Ankara
Metropolitan Municipality, strategies and action plans
have been developed to reduce the urban heat island
effect. The importance of measuring and documenting
the impact of smaller-scale urban parks on reducing the
urban heat island has been emphasized in the strategies
developed for the city [51-53].

This study aims to measure the effect of four city
parks in Ankara on the urban heat island. In this study,
LST calculations with Landsat 8 satellite data and
NDVI calculations with Sentinel 2 satellite data were
made using Google Earth Engine. The spatial resolution
was changed to 10 m by resampling the LST map.
In LST maps, zonal statistics such as standard deviation,
minimum, maximum and mean values were calculated
within five different zones.

Material and Methods
Study Area

Ankara is located between 39°38’81” and 40°02°30”
North latitude and 32°31°20” and 33°05°06” East
longitude in the Central Anatolia Region, dominated
by plains formed by Kizilirmak and Sakarya Rivers.
It is the capital of the Republic of Turkey. It is the third-
largest city in Turkey, with an area of 25,437 km? and
the second most populated city with a population of
5,747,325 people (Turkish Statistical Institute, 2022).

The average altitude above sea level of Ankara
is 890 meters. In general, a continental climate is
observed in Ankara. In addition to the steppe climate,
Central Anatolia’s climate, temperate and rainy
climate characteristics are observed from the Black

Sea climate characteristics in the northern regions. In
winter, there is much more rainfall than in summer.
According to Koppen-Geiger, the climate is Csa (Hot
Summer Mediterranean Climate). Monthly values of
total precipitation, average, maximum, and minimum
temperature were used for climatological analysis
between 1975 and 2020 (Ankara Climate Change Action
Plan, 2022).

The annual average temperature of Ankara is 11.9°C.
The annual average rainfall is 393 mm. With 12 mm of
precipitation, August is the driest month of the year. With
an average of precipitation, the highest precipitation is
seen in May. With a temperature of 23.4°C, August is
the hottest month of the year. The average temperature
in January is 0.2°C, the lowest average of the year. The
amount of precipitation between the driest and wettest
months of the year is 49 mm. The average temperature
varies around 11°C throughout the year. The number
of days with frost is 60-117, and the number of snowy
days is 30.5 per year. The highest snow thickness was
determined as 30 cm. The months with strong winds are
March and April. The highest wind speed detected in
Ankara is 29.2 m/s. According to the values measured
for many years, the average pressure value of Ankara
is 913.1 mbar, the highest-pressure value detected is
935.0 mbar, and the lowest pressure value is 891.0 mbar
(Ankara Climate Change Action Plan, 2022).

The four oldest parks, which are of great importance
to the city of Ankara, constitute the primary study areas
of this study. The studied parks, including Altinpark,
Genglik Park, Kurtulus Park and Botanik Park located
in different parts of the Ankara urban area. To avoid
the temperature differences depending on the synoptic
weather conditions among the parks, the parks subjected
for the present study were selected at the same elevations
(840-890 m ASL) (Fig. 1). The characteristics of each
park, such as the establishment years, parks total areas
(m?), vegetation cover area (m?) and latitude-longitude
are given in the (Table 1).

The workflow chart of the study is given in
(Fig. 2). This study used Landsat 8 Level 2, Collection
2 Tier 1 and Sentinel 2 Level 2A data. NDVI and LST
calculations were made using atmospherically corrected
images in Google Earth Engine. For LST calculations,
the open-source code published in Ermida et al. [54]
was used using Landsat 8 Level 2, Collection 2 Tier
1 images. The LST algorithm we used in this study
requires surface emissivity values for different surface
characteristics. STER GEDv3 dataset of JPL is used for
surface emissivity derivation for LST calculations [55].
Vegetation adjustment is applied using two different
datasets of Landsat 8 NDVI and ASTER GEDv3 NDVI.
Statistical Mono-Window (SMW) algorithm developed
by the Climate Monitoring Satellite Application Facility
(CM-SAF) is used for LST calculation. Because of
the resolution advantage of Sentinel-2 images (10 m),
NDVI maps were calculated with Sentinel-2. The spatial
resolution, which was 30 meters, was up-sampled (using
nearest neighbour interpolation technique) to 10 meters
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nclik Park

Ankara Province

Fig. 1. Location map.

Table 1. The characteristics of parks.

Park Names ESt(aylll;i;led Park "l(“g:?)l Area gz‘g/:a(tlil(l)zl; Vegetat;(r):ac(;:)er/Total Latitude/ Longitude
Altinpark 1987 606,591 353,063 58 39°58'0"N/32°52'59"E
Genglik Park 1936 278,487 146,951 53 39°56'13"N/32°512"E
Kurtulus Park 1957 120,506 100,629 84 39°55'36"N/32°51'50"E
Botanik Park 1970 65,000 46,223 71 39°58'03"N/32°52'31"E

to use with the LST maps. Buffer zones were determined
using the literature on LST maps, and zonal statistics
(min, max, mean, stdev) were calculated to evaluate
these zones (Table 2).

Data

Sentinel 2 Level 2A and Landsat 8 Level 2,
Collection 2 Tier 1 image were used in this study.
Sentinel 2 Level 2A image has a date of 20.07.2021,
and Landsat 8 Level 2, Collection 2 Tier 1 image has a
date of 15.07.2021. Since Landsat 8 and Sentinel 2 don’t
have the same satellite period and orbit, satellite images
taken at the two closest dates were used. Since there is
no vegetation period change, this 5-day difference does
not affect the analysis.

NDVI

NDVI is a standardized index that allows you
to create an image of vegetation (relative biomass).

This index takes advantage of the contrast
of the features of the two bands from a multiband
raster dataset. These are the absorptions of chlorophyll
pigment in the red band and the high reflectivity
of plant materials in the near-infrared (NIR) band.
The NDVI range is —1 to +1. A higher value of NDVI
means healthy and dense vegetation. Low NDVI values
indicate sparse vegetation. The NDVI is calculated from

Eq. (1):

NDVI = NIR — RED
~ NIR + RED 1)
RED and NIR represent spectral reflection

measurements obtained in red (visible) and near-infrared
regions [56].

The NDVI is used to calculate the fraction of
vegetation cover (FVC), and in this study, we derive this
by using Carlson and Ripley [57] formula is in Eq. (2):
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Fig. 2. Work-flow chart.
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@

In this formula, NDVIbare and NDVIveg indicate
completely bare and vegetated pixels. Based on the
literature [58], these threshold values are based on
NDVlIbare = 0.2 and NDVIveg = 0.86, respectively.

LST

LST is defined as the surface temperature of the
ground. The LST measures radiation emission from
the land surface, where incoming solar energy warms
the earth, or from the canopy surface in areas with
vegetation.

In this study, LST maps were calculated using
Google Earth Engine, with the method and process
prepared by [54]. This method uses SMW algorithms to
derive LST based on the empirical relationship between
TOA brightness temperature in a single TIR channel
and LST by utilizing linear regression [59-61]. The LST
is calculated from Eq. (3),

LST = A; = + By~ + ; o

In this formula, Tb is the TOA brightness
temperature in the TIR channel, and ¢ is the surface

emissivity. Algorithm coefficients Ai, Bi; and Ci
are determined from linear regressions of radiative
transfer simulations performed for 10 TCWV classes
(I=1, ..., 10) ranging from 0 to 6 cm in 0.6 cm steps,
and TCWYV values above 6 cm are assigned to last class.

Relationship between LST and NDVI

Studies show a strong correlation between NDVI
and LST [62, 63]. Especially in summer, NDVI values
increase in vegetated areas [64]. The decrease in NDVI
values causes an increase in LST values [65]. It can
be observed that there is a one-to-one and negative
correlation between the vegetated areas and the LST
[66, 67].

Zonal Statistics

Regions which can be defined by a vector dataset
based on values from another (raster) dataset are used
to calculate zonal statistics. The input zone dataset
calculates a single output value for each zone. The zonal
statistics tool calculates list of the statistics for a given
input, a subset, or a single statistic but outputs the result
as a table rather than a raster output. Statistics calculated
in ArcGIS (Arcmap 10. 6. 1) from NDVI and LST data
for this study consist of standard deviation, maximum,
minimum, and mean values. In addition to the values
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inside the park, statistical data of 4 separate 50-meter
buffer zones were calculated and compared.

Results and Discussion

The increasing rate of urbanization which is
thought to have become a necessity with the increase
in population in cities, threatens green areas with each
passing day and causes changes in the microclimate
scale of the cities. Urban heat islands are formed due to
the materials used on hard surfaces, which replace green
areas, absorbing heat and trapping it in cities. The urban
heat island effect, first described in the 1800s, reveals

Table 2. LST-NDVI summary graph of parks.
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that urban areas are warming more than rural areas.
Due to the intense population growth, Ankara is at the
forefront of our cities’ rapid urbanization. It is seen that
there are changes in the urban climate parameters of
Ankara as a result of intense construction. To solve the
problem, it is essential to determine the size of the urban
heat island effect at the beginning of the studies. With
the urban heat island effect reaching global dimensions,
developing strategies ranging from lower to upper
scale and transforming them into action plans to solve
the problem is necessary. It should be known that the
cities’ socio-economic structure, cultural conditions,
and physical conditions, such as their morphology
and land use, are also effective in determining and
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Table 2. Continued.
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measuring the urban heat island. With the developing
technology and information infrastructure, studies in
this field are increasing with significant momentum. The
availability of remote sensing and satellite technologies
provides a significant advantage in terms of time, while
considerable savings are achieved in the budget.

In his study, Bilgili [68] stated that “The effects of
micro-scale climate change caused by green areas within
their borders and in their immediate surroundings vary
according to the spatial (size), structural (pattern and
plant species) and temporal (phenological periods)
characteristics of the green areas. Therefore, the
contribution of green areas to the urban ecosystem is
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a dynamic situation that emerges with the combined
effects of these areas’ spatial, structural and temporal
characteristics.

NDVI, LST and Zonal Statistics calculations were
made for all parks using the methods mentioned in the
materials and methods. Since these parks have different
land use characteristics, NDVI and LST values for each
park show differences (Fig. 3).

NDVI

NDVI values calculated for each park are grouped
and given in the (Fig. 3). NDVI values in plant parts
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of Altinpark vary between 0.4 and 1. There are healthy Altinpark is located in a densely populated area, there is
plants in the area and the hard surfaces. NDVI values a significant change in NDVI values starting from the
range from -0.6 to 0.2 in parts with hard surfaces. Since park boundaries (Table 2f).
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Fig. 3. GOOGLE EARTH-LST-NDVI Maps of Urban Parks (buffer zones).
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Botanik Park has been seen as one of the parks with
more green areas within the park boundaries, such as
Kurtulug Park. NDVI values in this park ranged from
0.2 to 1 (Table 2d).

NDVI values in Genglik Park vary between 0.4 and
1. It has been determined that the amount of green space
in Genglik Park is less than Altinpark. In this park,
where the hard ground is high, NDVI values varied
between -0.2 and 0.2 (Table 2b).

Kurtulus Park has more green areas than Altinpark
and Genglik Park, considering the total area. NDVI
values in this park range from 0 to 1 (Table 2h).

While vegetation was healthier in Genglik Park and
Botanik Park, when the number of plants was evaluated
according to the park borders, both the number of plants
and the number of healthy plants were found to be less
in Altinpark and Genglik Park .

LST

LST values calculated for each park are grouped and
given in the Fig. 3.When the surface temperatures of
each park are evaluated.

Regions with dense vegetation are at lower
temperatures in Altinpark. The temperature increases as
you go from the park’s centre to the park’s boundaries.

Since there is a pool in Genglik Park, even if the
amount of green space is low, it is seen that the part
where the pool is located and its surroundings have a
lower temperature than the other parts.

Due to the amount of green space in Kurtulus Park
has a lower temperature within the park’s boundaries.

Botanik Park by having much healthier vegetation
cover like Genglik Park, generally has low temperatures.
Another reason for this is that it is located in the valley.

Zonal Statistics

After NDVI and LST calculations for each park,
Zonal Statistics calculations were performed and
summarized in Table 2.

Different buffer distances were used according to the
area’s characteristics in various studies in the literature
[69]. After examining the LST maps, this study decided
to create four buffer zones of 50 meters. [68] In this
study, findings show that 1°C difference as they move
away from the parks by 50 and 200 m (Fig.3). This
situation was considered when creating buffer zones.

The LST buffer zones created around Altinpark
show that this park has a higher temperature increase
effect than other parks. As the buffer distance increases,
the temperature rises. The temperature rises 3.5°C for
the buffer created 50 meters from the park boundary.
The change in buffer zones outside the park is around
1°C (Table 2e).

There is a 3°C difference between the LST values of
the Genglik Park in the park and the LST values of the
buffer zones created around the park (Table 2a). As you

move away from the park, the temperature rises in some
areas. In areas 50 meters away from the park boundary,
there is a 3°C increase in temperature. The temperature
difference between the buffer zones outside the park is
around 0.3°C.

When the LST values in and around Kurtulus Park
were examined, it was seen that the temperature values
of the first 50-meter buffer zone were higher than the
temperature inside the park. Although it is seen that the
temperature change is affected in areas after 100 m in
some regions, it has not been taken into account since
they are very small regions. At a distance of 50 meters
from the park boundary, the temperature increase is
about 3°C (Table 2g).

When Botanik Park and its surroundings are
examined, it is seen that the temperature in the park
continues to increase around the park. The temperature
rises about 2°C in 50 meters surroundings of the park.
Unlike other parks, the temperature around the park
increased to lower degrees. It is considered that this is
because the park is in the valley (Table 2c¢).

Conclusion

This study investigated the effect of four city parks
in Ankara on the urban heat island using remote sensing
and GIS techniques, LST and NDVI values calculated
using Google Earth Engine by analyzing Landsat 8
and Sentinel-2 images. LST values of selected buffer
zones in and around the park were determined by zonal
analysis of LST values on Arcmap.

It is seen in the analysis and NDVI maps that the
parks have dense green areas. LST values, negatively
correlated with NDVI, were lower in the park but higher
in buffer zones away from the park. The 50-meter buffer
zone, the first buffer zone after the park borders, is the
buffer zone where the temperature change is the highest
at approximately 3°C compared to the inside of the park.
The temperature variation between the other buffer
zones was not considerable. As a result, the urban heat
island effect caused an increase in the temperature of
the city of Ankara.

Considering the temperature changes around the
urban parks in the city, it is seen that these parks reduce
the city’s temperature locally.

The results obtained in this study are important for
decision makers to investigate some indicators that can
be used in urban planning and in selecting the location
of parks.
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