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Abstract This study was conducted to examine the
land cover (LC)/land use (LU) change affecting forest
and seminatural ecosystems and the spatio-temporal
development of urban expansion between 1990 and
2018 in the city of Istanbul, where urbanization is the
most intense in Turkey. For this purpose, using Corine
Land Cover (1990, 2000, 2006, 2012, and 2018) data-
set, the land cover of the area was determined in 5
different classes (artificial surface, agriculture, forest,
water bodies, water), maps were produced, and tabu-
lar data were created. The changes in LC/LU between
1990 and 2018 were determined according to the Puy-
ravaud land cover change rate and hot spot analysis
methods. According to our findings, we determined
that urbanization in Istanbul expanded the most in
the east-west direction, and the agricultural and for-
est areas gradually decreased by 3.02% and 6.66%
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respectively; urban areas increased at the same rate
of 9.69%. 1t is predicted that this change will continue
increasing until 2030 when the forecasting method is
applied in the field. It has been determined that the
most important reasons for this situation are local
government policies, population growth, and eco-
nomic development initiatives applied in the area. As
a result, it has emerged that measures should be taken
based on sustainability and naturalness approaches to
design urban development plans and to protect natural
areas on a large scale, in order to limit possible LC/
LU conversion from natural structure to urbanization
in the area.

Keywords Natural areas - Land cover - Land
use - Geographical information systems - Hot spot
analysis - Urbanization - Istanbul

Introduction

Human population is increasing, cities are overgrowing,
and natural areas are being rapidly destroyed. Cities are
increasingly exposed to environmental problems such
as construction, improper land use, biodiversity losses,
climate change, noise pollution, and water and air that
negatively affect the quality of life (Westmacott, 1991;
Doygun et al., 2010). Slowing down or stopping this
process, which caused urban life to become unsustain-
able for people and nature, has required measures to
improve environmental conditions. In this sense, the
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protection of natural areas is one of the most effec-
tive planning tools used to reduce the adverse effects
of urbanization on people and wildlife. Limiting and
directing land uses (Li et al., 2005), protecting habitats
for plants and wildlife species (Attwell, 2000; Esbah,
2006), and reducing environmental pollution and heat
island effects (Yildizci, 1982; Solecki et al., 2005) are
also essential components in terms of regulating the
urban microclimate (Shin & Lee, 2005). At the same
time, natural areas are elements that regulate urban
life in favor of people in psychological and sociologi-
cal terms by improving urban aesthetics, strengthening
urban belonging, providing recreational opportunities,
facilitating the integration of urban people into social
life, and providing the relationship between human and
nature (Giil & Kiigiik, 2001; Grahn & Stigsdotter, 2003;
Manlun, 2003; Ridder et al., 2004; Littke, 2015).

Changes in a city’s land use pose a significant
threat when the natural habitats of the biodiversity liv-
ing in that city are destroyed or converted to anthro-
pogenic land use. As a result, there is a great loss of
species and habitats on earth. Therefore, since it will
be challenging to determine how the biodiversity liv-
ing in cities will respond to future change, it would
be a more accurate and rational approach to consider
the effects of future redistribution of land use patterns
and protect natural areas within the framework of the
principle of sustainability measures. For this purpose,
studies on the negative effects of changes in land use
in Turkey and in the world (in Italy by Falcucci et al.
(2007), in Greece by Kolios and Stylios (2013), in
Spain by Galiano and Olmo (2012), and in Portugal
by Araya and Cabral (2010)) have gained importance.
For this reason, in order to reorganize the ongoing
land-use system, it is necessary to analyze the changes
in land cover/land use (LC/LU) from the past to the
present, determine the land uses that are considered
to be effective (classification of land cover and its use
according to its class nature) in the future, and to cre-
ate suitable land use plans for natural potential in line
with these data (Doygun et al., 2003).

Usually, LC/LU are two different terminologies
used interchangeably. Land cover only describes the
areas created by its physical characteristics (vegeta-
tive or human-made) of the land’s surface, namely the
distribution of physical characteristics such as settle-
ments, soil, and vegetation. On the other hand, land
use refers to the way people use land, often emphasiz-
ing the functional role of land for economic activities.
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The LC/LU model of a region results from natu-
ral and socio-economic factors and refers to the use
of land by humans in time and space (Ruiz-Luna &
Berlanga-Robles, 2003). In order to better understand
landscape dynamics in a known period of sustainable
management, the determination of LC/LU change
is significant. There are many studies that use satel-
lite images (e.g., Paul et al., 2021; Tariq et al., 2021;
Thakur et al., 2021) as well as field studies (e.g.,
Muchuma et al., 2021) to monitor and record these
changes.

In general, LC/LU changes are a pervasive and
accelerating process resulting from natural events
and anthropogenic activities that create changes that
affect the natural ecosystem (Ruiz-Luna & Berlanga-
Robles, 2003). LC/LU models that develop in forms
that are not suitable for the natural values of the land
(biodiversity, water, etc.) cause increasing planning
problems for Turkey and the rest of the world. For
this reason, today, this issue remains on the agenda
as an essential research topic. Falcucci et al. (2007),
who conducted research on this subject, stated that
especially the Mediterranean Region countries, where
population and tourism movements are intense, are
more negatively affected by anthropogenic effects.
In the same study, they stated that the change in LC/
LU (between 1960 and 2000) in the Italian peninsula
showed a change from Mediterranean-type vegetation
and traditional agricultural production to the culti-
vation of artificial species (species such as mangoes
that do not grow naturally in the area). By calculat-
ing LC/LU change, Kolios and Stylios (2013) found
the presence of gradually increasing deforestation and
transformation of the agricultural areas into urban
areas in the Preveza peninsula of Greece. Galiano and
Olmo (2012) examined the LC/LU change (between
1998 and 2004) in the Spanish province of Granada
and found that agricultural areas decreased gradu-
ally, while urban areas increased. Araya and Cabral
(2010), in their urban land use change analysis and
modeling studies for Setibal and Sesimbra in Portu-
gal, determined that the area increased by 91.11% in
urban areas between 1990 and 2006 and emphasized
that this change threatens natural areas and agricul-
tural lands. Regarding Istanbul, Kandemir (2012)
examined the changes in land cover (between 2003
and 2010) in Akfirat and its surroundings (Tuzla-
Istanbul) and determined that arable agricultural lands
and forest areas decreased while urban settlements
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increased. Likewise, Ko¢ (2006), in his study evaluat-
ing the 25-year period of Istanbul covering the years
1975-2000, found that the residential areas increased
four times and some of the forest areas turned into
urban areas. As can be understood from these studies,
urban transformation is a major threat worldwide.

Urbanization in Turkey accelerated especially
after the 1950s, with the development of the indus-
trial sector, migration from Anatolian villages to tra-
ditional centers such as Istanbul, Izmir, Ankara, and
Adana increased, and then, with the addition of dif-
ferent villages, urban sprawl gained speed throughout
the country (Isik, 2005). However, the province that
is most exposed to the effects of urbanization among
these cities is Istanbul.

In this study, two of the most significant factors in
choosing Istanbul as a research area are (1) the presence
of natural areas that make up the seven important habi-
tats of the city (Terkos Basin, Kiigiikcekmece Basin,
West Istanbul Pastures, Agacli Dune, Kilyos Dune,
Bosphorus, Omerli Basin) and a very rich flora with
more than 2200 plant species (Akkemik, 2017), and
(2) very fast LC/LU changes because of rapid urbaniza-
tion. In addition, the forest areas in and around Istanbul,
which have an important place in terms of biological
diversity, are among the most critical bird migration
accumulation areas in the world and host hundreds of
thousands of waterfowl, raptor, and songbird species
during the migration period. However, the intense pop-
ulation growth and urbanization in Istanbul today puts
severe pressure on natural areas such as forest areas,
water basins, rural settlements, and agricultural areas.
In the city where approximately 15 million people live,
the ever-increasing residential areas, and industrial and
commercial activities are gradually destroying the natu-
ral areas to provide shelter and nutrition for this popu-
lation (Akkemik, 2017). Along with urbanization and
industrialization, a significant heat island effect and cli-
mate change have been observed in the area in recent
years (Simgek & Sengezer, 2012; Kusak & Kiiciikali,
2019). In the climate data of Copernicus, it was deter-
mined that the temperature increased in the same way
in London and Paris, where the rate of urbanization
increased and it was noted that the night temperature in
these cities was 40 °C higher than in rural areas (https://
climate.copernicus.eu/demonstrating-heat-stress-
european-cities). According to data received from the

General Directorate of Meteorology between 1970 and
2019, Turkey’s overall average temperature increased from
13.5 to 14.4 °C, while the annual average temperature of
Istanbul increased by 1 °C to 4.5 °C. In addition to these
adverse developments, the mega projects (3rd airport and
3rd bridge projects) built in the city have also negatively
affected the LC/LU, making Istanbul the province with
the most extraordinary LC/LU change in Turkey. In this
context, the main problem is to find the dimension of LC/
LU change in Istanbul, which is the most crowded and
rapid growing megacity of Turkey. We aimed to make
maps for the LC/LU changes using CORINE Land Cover
(CLC), X. The CORINE Land Cover dataset is used to
analyze LC/LU and observe its change over time, as well
as to observe changes in agricultural, forest, and semi-nat-
ural areas in urban areas and ecologically sensitive places
(Castanho et al., 2021). CLC dataset between the years
1990 and 2018 in Istanbul, the most populated city of the
European continent, and to determine the effects of these
changes on natural areas and to develop suggestions for the
protection of these areas.

Material and method

In this study, we used the CLC dataset, prepared
for the European Union member and surrounding
countries monitoring the LC/LC for different years.
The LC/LU change of the province of Istanbul was
revealed in the ArcGIS 10.5 program (ESRI Inc, 2016)
with the CLC dataset, and various statistical methods
(Puyravaud analysis, hot spot analysis, etc.) which
was prepared for the years 1990, 2000, 2006, 2012,
and 2018. Additionally, a forecast application for the
potential regional changes up to 2030 was made at the
conclusion of the study (Fig. 1).

The reason for choosing the CLC dataset within the
scope of the study is to make long-term observations
of the change in forest areas. In such studies, satellite
images may be preferred for more frequent (annual,
monthly, weekly, and even daily) observations. How-
ever, the aim here is to reveal the change that the forest
areas in the metropolitan city of Istanbul have experi-
enced in 28 years. For this, a ready-made CLC dataset
was preferred. ArcGIS 10.5 software (ESRI Inc, 2016)
was used to analyze the CORINE data set.
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Fig. 1 Flow chart of study

Research area

The research area covers the entire administrative
boundaries of Istanbul (Fig. 2). Istanbul is at the
intersection of two peninsulas in a very strategic loca-
tion at the junction of the Asian and European conti-
nents and is located at the geographical coordinates
of 41°00'49” N, 28°57'18" E. Istanbul’s climate is
more of a transitional climate.

The native vegetation of Istanbul consists of forest,
sclerophyllous trees and shrubs (maquis), pseudomaquis
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(maquis plant communities adapted to the Black Sea
climate, modified, humid character, more tree-sized),
and coastal plants. According to the Istanbul Regional
Directorate of Forestry, about 45% of the city is covered
with forest areas.

While 3% of the forest areas are degraded, 42%
are in the normal forest category. Forest areas exhibit
a very variable structure consisting of different tree
species combinations depending on macro and micro-
climatic characteristics (Istanbul Provincial Environ-
mental Status Report, 2012). With the effect of the
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Fig. 2 The location of Istanbul on the map of Turkey

climate, humid plant species have developed in the
northern parts of the city and relatively drier plant
species have developed in the southern part. There are
approximately 2200 plant species native in Istanbul, of
which only 55 are endemic plants grown in the area
(Akkemik, 2017). Some of the endemic plants are as
follows: Istanbul crocus (Crocus olivieri subsp. istan-
bulensis B.Mathew), Istanbul snowdrop (Galanthus
plicatus subsp. byzantinus (Baker) DAWebb), Kilyos
centaury (Centaurea kilaea Boiss.,) and Bospho-
rus flax (Linum tauricum ssp. bosphori P.H.Davis),
wavy pea or Istanbul nazendesi (Lathyrus undulatus

- 28, SULTANBEYLi - 35, BASAKSEHIR

Boiss.), and Sultan pelemiri (Cephalaria tuteliana
Kus & Gokturk). One hundred forty-two of the Istan-
bul plants are woody and there is only one endemic
woody taxon (Abies nordmanniana subsp. equi-trojani
(Asch. & Sint. ex Boiss.) Coode & Cullen) and it is
protected as a nature conservation area on an area of
460.000 m%. Byfield et al. (2010) stated that 7 of the
122 important plant areas in Turkey are in Istanbul and
should be protected. Avci et al. (2015) also stated that
there are 45 coastal sand dunes on the Turkish coasts
and 3 of them are on the Black Sea coasts of Istan-
bul. Four main natural ecosystems have been defined
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within the forests, sclerophyllous forests (maquis),
open areas, important plant areas, and coastal dunes
in Istanbul. These are (1) forest ecosystems, (2) ripar-
ian ecosystems, (3) scrub and open field ecosystems
(screlophyllous ecosystems), and (4) dune ecosystems.
The specie compositions of these ecosystems are dif-
ferent from each other (Akkemik, 2017; Table 1).

The land structure of Istanbul is generally repre-
sented with low lands. The highest point of Istanbul
is Aydos Mountain between Kartal and Pendik dis-
tricts, and its altitude is 537 m. There are three nota-
ble lakes in Istanbul. The largest one is Terkos Lake,
which is located 50 km far from the city center on
the Black Sea coast and has an area of 25 square km.
The Terkos Lake is followed by Biiyiikgekmece and
Kiigiikcekmece lakes. The most significant stream in
Istanbul is Riva Stream. The Riva Stream is the most
considerable stream of Kocaeli Peninsula; it flows
into the Black Sea from the Riva Village of Beykoz
(Istanbul Provincial Environmental Status Report,
2012) (Fig. 2).

Method
Obtaining CORINE data, creating maps, and values

CORINE data series, which stands for Co-ORdinated
INformation on the Environment was created by the
European Community (EC) and has been used for
about 40 years. The CORINE data set shows the LC/
LU prepared for the European Union member and sur-
rounding countries. While creating this data set, both
satellite images and terrestrial measurements are used.
CORINE program includes CORINE Land Cover,
CORINE Air, CORINE Hydro, and CORINE Bio-
topes. CORINE Land Cover is the de facto standard
for LC/LU monitoring at the Pan-European level. The
CORINE Land Cover dataset was established in 1985
and is now one of the most widely used products from
the Copernicus Land Monitoring Service. The land
cover datasets are produced according to a common
standard and represent the status for the reference years
1990, 2000, 2006, 2012, and 2018. LC/LU datasets of
Europe produced by national agencies and coordinated
by the European Environment Agency (EEA) (Aune-
Lundberg & Strand, 2021; Castanho et al., 2021; Cole
et al., 2022; Feranec et al., 2010; Gyorgy et al., 2021;
Konukcu et al., 2017; Kosztra et al., 2017). The Min-
istry of Forestry and Water Affairs is responsible for

@ Springer

the preparation of the CLC datasets in Turkey. The
CORINE data set has a pixel size of 100 m X 100 m.
Therefore, a pixel represents an area of 10,000 square
meters. CORINE dataset includes artificial surface,
agriculture, forest, water bodies, and water levels. The
next level has 15 labels. The third level includes 44
labels. Every level has been defined and illustrated in
the technical guideline.

In this study, the CLC dataset was analyzed for
1990, 2000, 2006, 2012, and 2018 years of the prov-
ince of Istanbul. The coordinate system of the Istan-
bul district map used in the production of the maps is
defined in the 35N region of the ITRF96 datum UTM
projection. Tabular data of the CLC dataset is organ-
ized and classified by symbology. Pixel values were
obtained by using raster to point, one of the conver-
sation tools, in order to statistically evaluate the land
cover and use of CLC dataset over the years.

Revealing the percentages of LC/LU change
on the basis of districts

After the conversation process, the changes in the for-
est areas within the districts of the whole Istanbul, the
deforestation percentages were determined with the
formulas prepared by Puyravaud and FAO (Food and
Agriculture Organization of the United Nations) in
order to reveal the changes in the forest areas of Istan-
bul province and in the forest areas in 38 districts.
The formula developed by Puyravaud for calculating
the annual rate of deforestation (Puyravaud, 2003)
has also been used by land cover change research-
ers (e.g., Rodriguez et al., 2013; Tovar et al., 2013;
Schulz et al., 2010; Teixeira et al., 2014; Sancar et al.,
2009; Peiman, 2011; Vittek et al., 2014; Munsi et al.,
2010). The Puyravaud formulation is as follows:
1 A,

= =2
’ =t nAl M

While the annual rate of change is expressed with
r in the formula, ¢, represents the start time, #, repre-
sents the end time, A, represents the initial land cover
amount, and A, represents the subsequent land cover
amount (Puyravaud, 2003; Rodrigez et al., 2013).
In the study, forest and seminatural areas and their
changes were revealed with the help of pixel data
obtained with the CLC dataset. Calculations were
made on the basis of both Istanbul and districts with
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Table 1 Natural ecosystems in Istanbul and their key species (derived from Akkemik, 2017)

Forest ecosystems (mainly
northern forests)

Riparian ecosystems

Screlophyllous ecosystems
and open areas

Dune ecosystems

Woody plants
Acer campestre L.
Carpinus betulus L.

Corylus avellana L.

Daphne pontica L.
Fagus orientalis Lipsk

Fraxinus excelsior L.
Frraxinus angustifolia Vahl.

Ligustrum vulgare L.
Mespilus germanica L.

Quercus cerris L.

Quercus frainetto Ten.
Quercus ilex L.

Quercus infectoria G.Olivier
Quercus petraea (Matt.) Liebl.
Quercus robur L.

Ruscus aculeatus L.

Tilia tomentosa Moench

Ulmus minor Mill.

Herbaceous plants

Ajuga reptans L.

Campanula persicifolia L.
Cirsium hypoleucum DC.

Colchicum micranthum Boiss.

Cruciata laevipes Opiz
Cyclamen coum Mill.

Doronicum orientale Hoffm.

Epimedium pubigerum (DC.)
C.Morren & Decne

Fragaria vesca L.

Helleborus orientalis Lam.

Lathyrus laxiflorus (Desf.)
Kuntze

Lathyrus undulates Boiss.

Lilium martagon L.

Woody plants
Alnus glutinosa (L.)
Gaertn.Alnus glutinosa

Fraxinus angustifolia Vahl.

Salix alba L.
Salix caprea L.

Salix cinerea L.

Herbaceous plants
Alisma lanceolatum With.

Alisma plantago-aquatica L.
Allium siculum Ucria
Anemone nemorosa L.
Butomus umbellatus L.
Ficaria verna L.

Lamium galleobdolon (L.) L.
Leucojum aestivum L.
Lysimachia nummularia L.

Lythrum salicaria L.

Nasturtium officinale R. Br.

Persicaria decipens (R.Br.)
K.L.Wilson

Petasites hybridus (L.) G.
Gaertn., B. Mey. & Scherb.

Ranunculus peltatus Schrank.
Senecio aquaticus Hill.

Stellaria aquatica (L.) Scop.

Woody plants
Anthyllis hermanniae L.
Arbutus unedo L.

Calicotome villosa (Poir.)
Link.

Cercis siliquastrum L.

Cistus cretigus L.

Cistus salviifolius L.
Erica arborea L.

Erica verticillatamanipuliflora
Salisb.

Genista monspessulana (L.)
L.A.S.Johnson

Genista tinctoria L.
Jasminum fruticans L.
Laurus nobilis L.
Lavandula stoechas L.
Osyris alba L.
Phillyrea latifolia L.
Pistacia lentiscus L.
Pistacia terebinthus L.

Quercus coccifera L.

Spartium junceum L.

Herbaceous plants

Acinos alpinus Moench.
Asphodelus aestivus Brot.

Carthamus lanatus L.

Centaurea salonitana Vis.
Centaurea solstitialis L.

Cephalaria tuteliana
Kus&Goktiirk

Cirsium byzantinum Steud.

Crepis vesicaria L.

Crupina crupinastrum (Moris)
Vis.

Erysimum smyrnaeum Boiss.
& Balansa

Lupinus albus L.

Origanum vulgare L.

Herbaceous plants
Jurinea kilaea
Isatis arenaria

Ammophila arenaria (L.) Link

Asperula littoralis Sm.

Atriplex prostrata subsp. polon-
ica (Zapal.) Uotila

Cakile maritima Scop.
Calystegia soldanella (L.) R. Br.

Centaurea kilaea Boiss.Centau-
rea kilaea

Convolvulus persicus L.

Crambe maritima L.
Crithmum maritimum L.
Cyperus capitatus Vand.
Eryngium maritimum L.
Euphorbia paralias L.
Glaucium flavum Crantz
Juncus effusus L.
Jurinea kilaea Azn.

Kali australis (R. Br.) Akhani &
Roalson

Lactuca tatarica (L.) C. A. Mey.

Lepidotrichum uechtrit-
zianum (Bornm.) Velen. &
Bornm.

Leymus racemosus (Lam.)

Tzvelev
Maresia nana (DC.) Batt.
Matthiola fruticulosa (L.) Maire

Matthiola sinuata (L.)
W.T.Aiton

Medicago littoralis Loisel.
Medicago marina L.

Otanthus maritimus (L.) Hoffm.
& Link

Pancratium maritimum L.

Polygonum maritimum L.

Scirpoides holoschoenus (L.)
Sojak

Senecio vernalis Waldst. & Kit.

Silene thymifolia Sm.

Stachys maritima Gouan
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Table 1 (continued)

Forest ecosystems (mainly
northern forests)

Riparian ecosystems

Screlophyllous ecosystems
and open areas

Dune ecosystems

Ornithogalum refractum Kit.ex
Schltdl.

Primula vulgaris Huds.

Scilla bifolia L.

Stellaria holostea L.

Symphytum tuberosum
subsp.nodosum (Schur) Sod

Ornithogalum comosum L.

Rhagadiolus stellatus (L.)

Scleranthus perennis L.

Sedum annuum L.

Taeniopetalum obtusifo-
lium (Sibth. & Sm.) Pimenov

Prospera autumnale (L.) Speta  Taraxacum megalorhizon (For-

ssk.) Hand.-Mazz.

Teucrium scordium L.
Gaertn.

Verbascum haussknechtii Heldr.
ex Hausskn.Centaurea kilaea

Xanthium strumarium L.

Teucrium polium L.
Tuberaria guttata (L.) Fourr.

Verbascum sinuatum L.

the help of the Puyravaud Formula. The summary
statistic method in ArcGIS 10.5 was used while per-
forming the operations on the basis of districts.

Interpretation of forest and seminatural areas based
on years with hot spot analysis

Heat maps and other density analyses can illustrate
where the data is grouped, but they do not give statistical
information on the relationships between these clusters.
Hot spot analysis is a spatial analysis and mapping tech-
nique interested in the identification of clustering of spa-
tial phenomena. These spatial phenomena are depicted
as points in a map and refer to locations of events or
objects. In many studies, hot spot analyses are preferred,
including those that monitor public health, epidemics
(Wu et al., 2022; Chinpong et al., 2022), crime zones
(Chakravorty, 1995; Kortas et al., 2022), traffic accidents
(Hazaymeh et al., 2022), real estate (Guerri et al., 2022),
demographic analyses (Islam et al., 2022), and ecologi-
cal assessments (Nelson & Boots, 2008; Rossi & Becker,
2019). Today, hot spot analysis is one of the preferred
methods to statistically express the change in forests and
other natural areas (e.g. Pasha et al., 2016; Saranya et al.,
2022; Tantipisanuh & Gale, 2022; Xu et al., 2022).

Hot spot analysis targets each event and statistical
analysis of other events according to a certain distance
around that event. The z-score and p-value are used in
the interpretation of the results. In hot spot analysis,
first of all, projected point, line, or polygon vector data
that provides the position data of the events is required.

@ Springer

This data must have descriptive attribute information,
such as size, quantity, and time. The standard methods
that should be used include data identification, spatial
autocorrelation/clustering in data testing, hot spot map-
ping, and hot spot analysis. It should be determined
whether the data is in a cluster and whether there are
geographic autocorrelations before doing a hot spot
analysis. Several methods, including the Neighborhood
Nearest Index (NNI), Moran’s I (global), Geary’s C,
Getis-Ord General G (global), and standard deviation
ellipses, are employed for this assessment. Moran’s 1
or Geary’s C, Getis-Ord General G (global) techniques
(Eq. 2) were preferred in this study.
G;* value is calculated using below formula Eq. 1.

Y Wi XE L W

1
2
S n 2 _ n -
\/ ”Zj:]w,'J (2]’:1 Wx.]) ]

Py 2

where X; is the attribute value for feature j, W;; is the
spatial weight between feature i, and 7 is equal to the
total number of feature. X is the mean of all attribute
values for feature. S is the standard deviation of all
attribute values for feature. Where G;* statistic value
is not recalculated since it is a z-score.

Inverse distance, journey time, fixed distance, K near-
est neighbors, and contiguity are popular approaches
for conceptualizing spatial connections for the hot spot
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analysis. These approaches make the fundamental dis-
tinction between traditional spatial statistics and non-
spatial statistics. As a result of the hot spot analysis made
by choosing one of the aforementioned approaches, a
table and result map are formed. The values presented
in the Gi Bin field indicate that if the values have a +/—3
value, they are 99% safe in terms of statistics, and if
they have a +/—2 value, they are in the 95% confidence
interval. If the data is clustered at O, there is no statistical
significance; if it has +/—1 values, it indicates that it is
within the 90% confidence interval (Anselin, 1995; Ord
& Getis, 1995; Karlstrom & Ceccato, 2000; Anselin &
Rey, 2010; Fischer et al., 2010; Getis & Ord, 2010; ESRI,
2022a, b).

As a consequence of the analysis, z-score and
p-value are made when the attribute table is checked
and the hot spot maps are created. The z-score and
p-value in this table allow the statistical significance
of the data to be measured with each other. It may be
claimed that the events are comparable if the z-score
value is high compared to the p-value is low and the
hot spot result is high. The cold spot value is revealed
if the z-score value has a low negative value and the
p-value value is low. There has been no geographical
clustering if the z-score value is near to 0. If a region
has hot spots, the events are above normal, and if it
has cold spots, the events are below average.

In this study, we statistically interpreted the dis-
tribution of forest areas in five different time periods
using the hot spot analysis in ArcGIS 10.5. Spatial
relationships were conceptualized using the inverse
distance model. The distances were calculated using
the Euclidean distance method. For this purpose, fish-
net analysis was used since the smallest district area
is Glingoren with 7.2 square km and the largest dis-
trict area is Catalca with approximately 111.5 square
km. The area to include the entire Istanbul is divided
into a grid of squares of 1 km X 1 km = 1 square km
using fishnet analysis. As a result of this division,
13,350 grid areas were formed. Whether this area will
be sufficient or not, the sample area adequacy has
been tested by using CLC data consisting of 532,245,
which is obtained using raster to point conversation
process, pixels for Istanbul. While finding the sample
size the following equation (Eq. 3) was used:

£ap(1-p)

2

Sample size = —
1+ (i Xi)’Z(N P))

3

where N is number of pixel study area, and e is mar-
gin of error and z is z-value in the equation. p is the
sample proportion.

Result of sample size formula, the sample size was
found to be 665 pixels with a 99% confidence inter-
val, a 5% margin of error and 53,225 number of pix-
els. Results of the fishnet analysis greater than sample
size, we decided to use 13,350 grid areas for the hot
spot analysis. The number of forest and seminatural
points in each grid area was determined by summary
statistics. Hot spot analysis was performed with the
help of these data sets. The results of hot spot analy-
sis, the distribution of forests and semi-natural areas
on the basis of location was evaluated statistically.

Detection of forest and seminatural LC/LU change
areas with geospatial methods and visualization

The hot spot method was used to determine the usage
functions of the change in forest areas. After deter-
mining the statistically significant change zones, the
usage function of the forest areas was evaluated and
mapped.

Estimating the LC/LU change rates in the area
in the future with the estimation method

The Excel forecasting tool was used for the forward
forecasting process. This tool is based on the linear
regression equation.

y=a+bx
a=y—bx

p = ZGD0-9) @
> (x-%)

where the a is constant (intercept) and b is coefficient
(slope of the line) in the equation. The values of X and y
are the sample means (averages) of the known x-values
and y-values (https://www.ablebits.com/office-addins-
blog/excel-forecast-function-formulaexamples/).

Results

Determination of Istanbul’s land cover classes and
LC/LU change

The land structure of Istanbul was classified and

mapped for 5 different years (1990, 2000, 2006, 2012,
2018) according to CLC dataset, divided into sub
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levels 3 (Fig. 3) and level 1, included artificial sur-
face, agriculture, forest, water bodies, water (Table 2).

According to this classification, a large part of Istan-
bul, whose surface area is 5322.45 square km, consists
of forest areas and these areas are mostly concen-
trated in the north of the province. While agricultural
areas are in the second place in the land cover classes,

artificial surfaces are in the third place (Table 2). There
was a 6.66% decrease in the forest and seminatural
areas of Istanbul and a 3.02% decrease in the agricul-
tural lands from 1990 to 2018 (Table 2; Figs. 4 and 5).
It is seen that the decreasing areas have a negative sim-
ilarity with the increase in artificial surfaces and are

almost equal to the sum of these changes.
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Fig. 3 CORINE Land Cover maps (level 3) of Istanbul for the years of (a) 1990, (b) 2000, (c) 2006, (d) 2012, and (e) 2018
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Table 2 Level 1 CLC Land classes 1990 2000 2006 2012 2018  1990-2018 (%)
datasets area of square
kilometer and change ratios Artificial surface 718.48 1013.70 1091.34 1116.86 1234.08 9.69
of Istanbul Agriculture 1754.84 1578.66 164242 162827 1594.17 —3.02

Forest and seminatural area  2821.40 2704.33 2560.65 2544.11 2467.02 —6.66

Water bodies 339 302 281 451 451 0.02

Water 2434 2274 2523 2870 2267 —0.03

According to the results of the correlation analysis per-
formed using the data in Table 2, there is a —0.838 and
—0.961 negative correlation between artificial surfaces
and agricultural, forest, and seminatural areas, respec-
tively. The correlation between forest and seminatural
areas and agricultural surfaces was found to be 0.655.

In the study, we found dramatic changes in sparsely
vegetated areas and transitional woodland/shrub within
forest and seminatural areas. The ratio of sparsely
vegetated areas was 33% in 1990, and dramatically
decreased to 11% in 2018. When transitional wood-
land/shrub areas are evaluated, they decreased from
32% in 1990 to 15% in 2018 (Fig. 5).

Determination of Istanbul’s LC/LU change according
to Puyravaud analysis

The distribution of forest and seminatural land classes
in the total area, which is prepared by using Table 2,
have changed dramatically in the last 30 years (Fig. 6).

The percentages of LU/LC (deforestation) changes
were determined by statistically determining the spa-
tial changes of Istanbul (Table 3) and its districts

Fig. 4 Istanbul’s land use

and land cover area’s tem- m Artificial Surface _
poral variation graph using [y = 113.44x + 694.58 |
the CLC dataset i R?=0.857 i

(Table 4) using the Puyravaud method. Accordingly,
it has been observed that forest and seminatural areas
have decreased significantly from 1990 to 2018.
The amounts of these changes from 2006-2012 to
2012-2018 range from 0.054 to 0.171, this value for
the entire time period of 1990-2018 is 0.479 (Table 3).

As for the changes in the distribution of the for-
est areas in the districts of Istanbul, clear differences
were observed in 26 of 38 districts (Table 4, Fig. 7).
In the period of 1990-2000, it was determined that
the deforestation, and the deterioration in other areas
in Uskiidar district was —53.423%. In this period,
after Uskiidar, a change of —21.378 was detected
in Atasehir (Fig. 7a). In the period of 2000-2006,
although there is much less change compared to the
previous period in most of the districts, the changes in
Atasehir, Esenyurt, and Kagithane are rather high and
—47.544%, —19.123%, and —16,780%, respectively
(Fig. 7b). In the other periods, however, no signifi-
cant change was observed (Fig. 7c, d). When the time
period between 1990 and 2018 is evaluated in gen-
eral, a change of —17.823% was observed in Atagehir
as the highest ratio (Fig. 7e).

CORINE LAND COVER CHANGE (SQUARE KILOMETER)

Agriculture M Forest and Seminatural areas
----------- 1
Iy =-86.898x + 2880.2 1
f R?=0.9397 :
m
m i l
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o g
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-
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Forest and Seminatural Areas Ratio (%)

M Broad-leaved forest
M Natural grassland

M Sparsely vegetated areas

1990 23% 17%

2000 27%
2006

2012

2018

16%

Coniferous forest

M Transitional woodland/shrub

11%

® Mixed forest

M Beaches, dunes, sands

32% 18% 33%

23% 19% 35%

17% 29% 18% 21% 8%
17% 24% 13% 21% 13%

19% 15% 21% 11%

Fig. 5 Graphical representation of forest and seminatural areas ratio in Istanbul according to CLC dataset

Interpretation of forest and seminatural area in the
study area with hot spot analysis

In the hot spot analysis, first, spatial autocorrelation
(Moran’s I) analysis was performed for the z-score
evaluations (Table 3). As result, the distance thresh-
old was found as 1029.1632 meters. Expected index,
variance, and p-value were the same for all periods

Fig. 6 Temporal change of
forest and seminatural areas
in Istanbul

2018

2012
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and were calculated as —0.000075, 0.000068, and
0.00000, respectively. The highest Moran’s Index
value is 0.7363 belongs to the 2000 period. The high-
est z-score values are 89.3694 in the 2000 period and
the lowest 84.8419 in the 2018 period (Table 5).

The hot spot maps for 5 different periods show hot
and cold areas for Istanbul (Fig. 8). In 1990, the natu-
ral areas in the north of Istanbul are hot regions with

Forest and Seminatural Areas

y = -86.898x + 2880.2
R? =0.9397

2500
Area (Square Meter)
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Table 3 Deforestation and change seminatural areas for Istan-
bul as a Puyravoud formula

Years r%

1990-2000 —0.424
2000-2006 —-0.910
20062012 —0.054
2012-2018 -0.171
1990-2018 —-0.479

the 99% confidence level (Fig. 8) on the contrary,
while southern areas reflected the cold regions.

When the other years were examined, it was deter-
mined that an imbalance started to occur in the southern
parts, where the hot regions of the natural areas began to
change. Cold spot areas are generally seen in urban areas.
It is noteworthy that these areas later became increas-
ingly irregular. Likewise, natural areas are hot spot areas.

However, over the years, the statistical distributions of
these areas began to show inconsistencies. Important
changes in hot and cold regions were observed (Table 6).

A dramatic decrease in total G;* forest areas also
reveals the extreme clustering in forest areas (Fig. 9).
Compared to the period of 1990, in the following
periods, there was an increase in hot spot points at the
99% confidence level.

Determination of LC/LU change by geospatial
statistical and qualitative (visual) methods

The Puyravaud analysis can only show the change
in the coverage of the forest and seminatural areas.
For more information in the interpretation of chang-
ing areas, we examined whether the change in for-
est areas show a statistically significant changes
locally. As result, forest and seminatural areas have
been transformed into artificial and agricultural areas

Table 4 Deforestation and

: 1990-2000  2000-2006  2006-2012  2012-2018  1990-2018
change seminatural areas
for districts as a Puyravoud Arnavutkéy 0.222 0.352 ~0.319 -3.950 —0.760
formula Atasehir —21.378 —47.544 0.000 0.000 ~17.823
Avcilar 4.010 ~13.683 ~1.164 0.000 —1.749
Bagcilar -2.877 0.000 0.000 0.000 0.000
Basaksehir -2.723 —11.640 -9.008 ~1.056 ~5.623
Beykoz —0.394 ~1.59 0.039 —0.346 —0.549
Biiyiikgekmece 0.000 —73.445 59.016 0.000 -3.092
Catalca —0.088 —0.017 —0.108 —0.006 —0.060
Cekmekoy —0.767 -1.307 —0.114 —1.211 —0.838
Esenyurt —2.389 -19.123 0.000 0.000 0.000
Eyiip —0.362 0.409 0.235 ~1.370 —0.285
Kagithane ~1.596 ~16.780 7.048 —3.154 -3.332
Kartal —1.864 0.751 0.268 0.000 —0.447
Kiigiikgekmece 0.000 0.000 —0.505 0.000 0.000
Maltepe -0.751 -2.827 —0.466 0.000 —0.974
Pendik ~1.258 —1.243 —0.168 —0.850 —0.934
Sancaktepe -3.897 —0.552 —0.157 0.000 —1.543
Sariyer —0.678 —0.806 0.190 —0.929 -0.573
SILIVRI —0.278 —0.214 —0.041 —0.030 ~0.160
Sultanbeyli ~7.679 —0.027 0.108 0.000 -2.725
Sultangazi -1.903 ~3.805 —0.348 -0.536 —1.684
Sile —0.192 ~1.563 —0.014 —0.041 —0.415
Gray color shows tht Sighi 0.000 0.000 0.000 0.000 0.000
according to the Puyravud Tuzla —0.893 ~2.805 —0.390 0.062 —0.990
formula, deforestation and Umraniye —7.146 —2.583 1.550 ~1.779 -3.155
natural areas have decreased Uskiidar —53.423 0.000 0.000 0.000 0.000

in districts of Istanbul
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Fig. 7 Puyravaud maps; (a) 1990-2000, (b) 2000-2006, (c) 20062012, (d) 2012-2018, (e) 1900-2018 deforestation and change

seminatural areas for districts

(Fig. 10). Particularly, hot spots can be seen clearly in
these graphics (Fig. 10). During 1990-2000, changes
concentrated mainly in the middle belt of the city
(Fig. 10a). Later in 2000-2006 and 2006-2012, hot
points distributed to natural areas around the city
(Fig. 10b, c). In the period of 2012-2018, because of
megaprojects (3rd bridge, Northern Marmara High-
way and Istanbul Airport) on natural areas in the
northern part of the city, changes concentrated in the
northern forest areas (Fig. 10d). Thus, LC/LU changes
occurred in whole land area of Istanbul in different
time intervals.

@ Springer

Table 5 Spatial autocorrelation (Moran’s /) values and z-scores
for 5 periods of natural areas

Era Moran’s index z-Score
1990 0.7355 89.2783
2000 0.7363 89.3694
2006 0.7190 87.2690
2012 0.7149 86.7800
2018 0.6990 84.8419
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Fig. 8 Hot spot analysis maps for the years of (a) 1990, (b) 2000, (c) 2006, (d) 2012, (e) 2018 for forest and seminatural areas

Table 6 Percentage of forest and seminatural areas hot spot analysis confidence results

Total Gi values Cold spot (99%) Cold Cold No significant Hot spot (90%) Hot spot (95%) Hot spot (99%)
(100*100 spot spot
square meter) 95%) 90%)

1990 9959 19.83 6.43 3.35 40.35 3.62 12.06 14.36

2000 9711 19.28 6.46 3.79 41.42 4.06 7.92 17.08

2006 9524 19.23 7.17 3.01 42.40 4.32 7.41 16.46

2012 9497 19.36 7.29 3.50 41.75 3.87 7.10 17.13

2018 9427 19.57 7.46 3.25 41.93 3.56 7.98 16.25
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After determining the statistically significant
change zones, the usage function of the forest and
seminatural areas was examined. After evaluating the
results, it was revealed to which areas the changing
areas shifted from the forest characteristic (Fig. 11).

The forest areas that changed in the 1990-2000
period are mostly seen in areas where settlement is
dense. Among these regions, Sartyer and Atasehir
are the districts, which occurred dramatically changes
(Fig. 11a). In the years 2000-2006, the changed areas
spread up to the district of Sile, where is in the north-
ern border of Istanbul (Fig. 11b). In the period of
2006-2012, the changes in forest areas still continue
and it is seen that it has spread to Pendik (Fig. 11c).

In the period of 1990-2000, we clearly observed that
there has been a significant transformation from for-
est areas to artificial surfaces (Fig. 11a). In the period of
20002006, this transformation experienced in forest areas
has been extended to agricultural lands (Fig. 11b). In the
period of 2006-2012, there were much less transforma-
tions compared to other periods, and in this period, arti-
ficial surfaces and agricultural land transformations were
encountered from forests (Fig. 11c). As also seen in the hot
spot analysis, the period of 2012-2018 is the period, which
occurred dramatically changes because of constructing
Istanbul Airport, Northern Marmara Highway and the 3rd
Bridge, which were referred as megaprojects (Fig. 11d).
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Determination of LC/LU change with the forecasting
method

In order to estimate the possible LC/LU change of
the area in the next 10 years, the situation of artifi-
cial surfaces, agriculture, and forest areas was evalu-
ated by applying the forecasting method. The statis-
tical results of the forecasting model are shown in
Table 7 as results (Table 7).Accordingly, it was con-
cluded that artificial surfaces will increase almost
twice as much in 2030 compared to 1990 (Fig. 12a),
while agricultural areas will decrease by 11.20%
(Fig. 12b) and forest areas by 20% (Fig. 12c).

Discussion

Since Istanbul has been an important culture, trade,
and production city for the country from past to pre-
sent, it has been constantly receiving immigrants
from rural areas and recently from abroad. For this
reason, the population doubled between 1990 and
2015, when industry and trade were concentrated
(Gokburun, 2017). Due to the increase in population
and trade, the urban area has increased in the city,
the LC/LU exchange has accelerated, and the natural
areas (forests, etc.) have gradually decreased. In this
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Fig. 10 Hot spot analysis results for forest area change for the years of (a) 1990-2000, (b) 2000-2006, (c¢) 2006-2012, (d) 2012—

2018, (e.) 900-2018.

study, the land use of Istanbul was determined quali-
tatively and quantitatively according to CLC dataset,
and it was determined that the LC/LU changed dra-
matically. These changes were revealed by making
maps, and by using Puyravaud land change, rate, and
hot spot analyzes. According to these analyzes:

e Between 1990 and 2018, forest areas decreased by
6.66% and agricultural areas decreased by 3.02%
in Istanbul. On the other hand, artificial surfaces
showed a similar increase of 9.69%.

e According to the hot spot analysis, the hot (woodland)

regions decreased, while the cold (urban-artificial sur-
face) regions increased. The increase in cold surfaces,
especially on a district basis, has increased more in
Sartyer, Atasehir, Sile, and Pendik districts with the
effect of three megaprojects called Istanbul Airport,
Northern Marmara Highway, and the 3rd Bridge.

According to Puyravaud analysis, the greatest
change was observed for the period of 2000-2006
with a —0.910 (r value) change. In the period of
1990-2018, there was a —0.479 (r value) change.
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Almost all of these changes were observed in 26
out of 38 districts.

The forecasting results showed that the artificial
surfaces will be almost double, while the agricul-
tural and forested areas will gradually decrease by
2030.
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This situation has shown similar characteristics in
cities such as Shanghai, China; Tokyo, Japan; Mex-
ico, United Mexican State; and Lagos, Nigeria, where
urbanization is intense in the world. Examining the
LC/LU change of the city of Shanghai between 1979
and 2009, Yin et al. (2010) found that urbanization
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Table 7 Statistical value of artificial surfaces, agricultural,
forest, and seminatural areas in 2030 according to the forecast-
ing method

Statistic  Artificial Agricultural Forest and
surfaces areas seminatural
areas
Alpha 0.90 0.75 0.00
Beta 0.00 0.00 0.00
Gamma 0.00 0.00 0.00
MASE 0.34 0.71 0.28
SMAPE 0.03 0.03 0.01
MAE 3,506.56 4114.19 2002.89
RMSE 4,419.39 5239.90 2350.12

accelerated at an unprecedented scale and rate in
Shanghai over the specified period, resulting in a sig-
nificant reduction in farmland and natural areas. In
addition, Cui and Shi (2012) emphasized that com-
pared to 1980 in Shanghai, land use types changed sig-
nificantly in 2008, residential and construction areas
were greatly expanded, and cultivated lands decreased.

Fig. 12 Graphical repre-
sentation of the estimated

Ruiz-Luna and Berlanga-Robles (2003) found that
natural vegetation and agricultural areas are gradu-
ally decreasing due to urban growth and development
in Northwest Mexico. Millington and Tansey (2006)
examined the LC/LU change of Lagos between 1984
and 2002 and found that the forest, low-density resi-
dential, and agricultural lands in the area were under
threat. Bagan and Yamagata (2012) emphasized that
large changes in land use and land cover occurred
in the Tokyo metropolitan area during the period
1972-2011 with the rapid suburban growth accompa-
nying the population concentration. With this study, as
discussion above and similarly to many big cities in the
world, we determined that due to the increase in popu-
lation and urbanization movements in Istanbul, most of
the agricultural and forest areas have been transformed
into urban/built areas (for example, housing, industry,
and public lands) and other uses (for example, parks),
as well. We can also state that urbanization and land
transformation processes from natural areas to artificial
surfaces are similar in Istanbul as in other major cities
of the world.

Istanbul's LU/LC forecasts until 2030
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. 5 =
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Conclusions

Rapid population growth and urbanization are the
most serious and one of the top threats in the world.
This issue caused significant changes in the LC/LU in
Istanbul, especially in the last 30 years. Istanbul lost a
large amount of agricultural and forest areas, and these
areas were transformed into urban artificial areas. As
expected, this situation brought many serious environ-
mental problems, including traffic, air pollution, urban
heat islands, and increasing tree mortality in Istanbul,
and it will continue in the future. The applied methods
here in this study have been preferred due to being an
easy and understandable methods in the analysis of
spatial and temporal models of urban growth and land
change, and in understanding and analyzing urban
dynamics. The analyses also showed that urban expan-
sion in Istanbul is strongly associated with irregular
zoning movements, population density increase, and
industrialization, especially as a result of incorrect plan-
ning decisions taken by central and local governments.

In conclusion, because of being dramatically
changed, in the land areas of Istanbul, the government
and local administration should (1) protect the agri-
cultural and forest areas, (2) not open them to settle-
ment and industrial areas, and (3) make laws for the
planned development of urban areas.

We can suggest that the governmental authorities
should take into account the population capacity of
Istanbul, and ensure their sustainability by giving special
statuses to areas that need to be protected in this megacity.
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