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Abstract

Aim of study: The current state of the land cover and its temporal changes are one of the most popular
topics nowadays, and it is a very useful subject in the protection of ecosystems and combating global
climate change. The main objective of this study was to reveal vegetation cover change on Turkey and its
phytogeographic region within the last 28 years.

Area of study: The study area borders of the Republic of Turkey, covers an area of 779.646 square
kilometers. In addition, Turkey is home to three phytogeographic regions (Mediterranean, Euro-Siberia,
and Irano-Turanian) with different floristic features. Both phytogeographic regions and Turkey were
examined individually in this study.

Material and methods: 1990, 2000, 2006, 2012, and 2018 CORINE land cover datasets were used in
order to examine vegetation cover of the Republic of Turkey and its phytogeographic regions in this study.

Main results: According to the results, it was determined that forests and sparsely vegetated areas
decreased in the period from 1990 to 2018. It has been observed that the change in forests mainly caused
by the reduction in mixed forest stands. In general, all phytogeographic regions have shown their
characteristic features in the last 28 years.

Highlights: The quantitative and statistical results obtained within this study are considered to be
decisive for the actions to be implemented in the upcoming years.
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1990°dan 2018’e Kadar CORINE Arazi Ortlisui Verileri ile
Turkiye’nin ve Fitocografik Bolgelerinin Vejetasyon Ortlisu
Degisiminin Analizi

Oz

Calismanin amaci: Arazi Ortiisliniin mevcut durumu ve zamana bagli degisimi giiniimiiziin en popiiler
konulardan biridir ve ekosistemlerin korunmasi ve kiiresel iklim degisikligi ile miicadelede biiyiik 6nem
arz etmektedir. Bu ¢alismanin ana amaci, Tiirkiye’nin ve fitocografik bdlgelerinin son 28 yil igerisinde
yasadig1 vejetasyon Ortiisii izerindeki degisimlerin ortaya konulmasidir.

Calisma alani: Caligma alani olarak belirlenen Tiirkiye 779.646 kilometre karelik bir alana sahiptir.
Ayrica, Tiirkiye farkli floristik 6zellikler gosteren ti¢ fitocografik bolgeye (Akdeniz, Avrupa-Sibirya, Iran-
Turan) ev sahipligi yapmaktadir.

Materyal ve yontem: 1990, 2000, 2006, 2012 ve 2018 yillarina ait CORINE arazi ortiisii verileri Tiirkiye
ve fitocografik bolgelerinin vejetasyon Ortiisiiniin incelenmesinde kullanilmistir.

Temel sonug¢lar: Elde edilen sonuglara gore 1990-2018 doneminde ormanlarin ve seyrek bitki ortiisti
varliginin azaldigi tespit edildi. Ormanlardaki degisimin, agirlikli olarak karigik ormanlarin azalmasindan
kaynaklandig1 goriilmiistiir. Genel olarak, tiim fitocografik bolgeler son 28 yilda karakteristik 6zelliklerini
gostermistir.

Aragtirma vurgulari: Bu c¢alismada elde edilen nicel ve istatistiksel sonuglar, dniimiizdeki yillarda

uygulanacak eylemler i¢in belirleyici olacagi diigiiniilmektedir.
Anahtar Kelimeler: Vejetasyon Ortiisii, CORINE, Fitocografya, CBS, Uzaktan Algilama
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Introduction

The surface of earth has been in constant
change since it existed. Changes on the land
cover may be natural or anthropogenic.
However, human population increases and
accordingly indispensable necessities for
human life such as agriculture and
urbanization led great changes on land cover
over the years (Allen & Barnes, 1985;
Squires, 2002). Especially the changes on the
land have been increasing rapidly ever since
the industrial revolution (Emmott, 2013).
These changes on the land cover have some
detrimental effects like carbon emission,
hydrological deterioration, harmful soil and
sediment impacts and climate change on the
Earth (Meyer & Turner, 1992; Millington et
al., 1999; Angel etal., 2011; Seto et al., 2012).
Studies show that climate change and land
cover change due to harmful human impacts
are in close relation with each other (Pitman
et al., 2004; Feddema et al., 2005; Pielke,
2005). In short, this means; the change of
climate is closely related to the change of the
land cover structure and the change of the land
cover closely affects the climate change as
well. Therefore, it has a great importance to
understand the current situation on the land
cover and the trend of the change in order to
plan the future for protecting and reducing the
harmful effects (Miiller & Munroe, 2014).
Many environmentalists and researchers have
focused on this to determine the trend of
change and to take precautions before it is too
late.

The generation of land cover/use maps is a
key component for environmental studies.
Thus, there have been many different studies
on this subject in recent years and Geographic
Information Systems (GIS) and remote
sensing techniques have been frequently used
in these studies (Gondwe et al., 2019; Salem
etal., 2020; Ellis et al., 2020). GIS and remote
sensing technologies that make a great
contribution to time, labor, and cost reduction
are well-suited for these kinds of studies.
Nowadays, many land cover maps are
accessible for free or paid. As one of the free
data, The Coordination of Information on the
Environment (CORINE) Land Cover (CLC)
data sets are often used in different academic,
engineering and environmental work fields.
The data obtained from satellite images were
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used to map the land cover of 1990, 2000,
2006, 2012 and 2018 with 100-meter spatial
resolution with the project that was
established in 1985 by European Union
(Copernicus land monitoring service, 2020).
One of the main objectives of this project is to
provide a standard for land cover maps to be
used in environmental studies by European
countries (Heymann, 1994; Basayigit, 2004;
Onur et al., 2009). CLC maps were prepared
by dividing 44 land cover classes under 5
main classes in order to inspect vegetation
groups broadly (Bossard, 2000). These maps
have been used frequently in Turkey that were
supported by a project which was called ‘Land
Cover Classification Project’ initiated in 1998
in the name of the European Union adaptation
process (Karagiille & Kendiizler, 2007;
Atesoglu, 2016).

Republic of Turkey is located at the
intersection of three different
phytogeographic  regions (Mediterranean,
Euro-Siberia, and Irano-Turanian), with many
endemic species and is also located in a
substantial geographic region in terms of the
plant diversity (Atalay, 1994). The
intersection of the three continents (Asia,
Africa, and Europe) serves as a natural bridge
for many species. For this reason, there are
about 11000 naturally growing plant taxa in
Turkey, and approximately 35 percent of them
are endemic (Aksoy et al.,, 2014). Plant
communities in phytogeographic regions are
generally determined by the climatic
characteristics of the region. As mentioned
above, one of the main reasons for the climate
change is the changes in land cover. Because
of this dual relationship, the temporal change
of plant communities in phytogeographic
regions can provide important inferences for
the future. In this way, the history, current
status and future projections of the vegetation
cover can be demonstrated.

There are many land cover studies with
CORINE land cover datasets can be seen
when the literature is examined. However,
some of these consisted of the reliability of the
method (Vural et al., 1997; Atesoglu, 2016)
and the remaining majority consisted of local
studies (lkiel et al., 2013; Sari & Ozsahin,
2016; Konukgu et al., 2017) and performed
large scale studies were not encountered for
Turkey. In this study, we aimed to investigate
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vegetation cover change of phytogeographic
regions of Turkey. For this purpose, generally
accepted CORINE land cover datasets (from
1990 to 2018) were preferred for this study.
Thus, changes in the land cover in the whole
country and changes in the phytogeographic
regions can be observed through this study. It
is also planned to obtain a result that can be
used in the environmental action plans to be
prepared for the coming years by this way.

Study Area

The study area borders of the Republic of
Turkey, covers an area of 779.646 square
kilometers. Turkey is located in the Northern
Hemisphere, between 36-42 degrees north
latitudes and 26-45 degrees east longitudes. It
is also a bridge between the Asia, Africa and
Europe continents. This geographic location

of the country has caused to be closer to
Ecuador than to the pole and to be in the
temperate zone. This unique geographic
location has a great impact on Turkey's
climate. Therefore, Turkey's climate is not so
cold like the Polar Regions and is not so hot
and rainy like the equatorial region.

The phytogeographic region, in other
words floristic zone, can be defined as areas
with regular climate conditions and easily
recognizable vegetation. The study area is
home to three phytogeographic regions
(Mediterranean, Euro-Siberia, and Irano-
Turanian) with different floristic features. The
borders of these regions were taken from
Flora of Turkey and the East Aegean Islands
book (Davis, 1970) and digitized by ArcMap
10.6 software (Figure 1).
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Figure 1. Digitized map of spatial distribution of the phytogeographic regions within the borders

of Republic of Turkey

When these regions are examined, it is
seen that most of the study area is dominated
by Irano-Turanian phytogeographic region
(Figure 2). This great floristic zone includes
Central Anatolia, Eastern Anatolia and
Southeastern Anatolia regions of Turkey. In
this area where treeless steppe vegetation is
dominant, coniferous forests and shrubs can
be seen. Moreover, herbaceous species and
suffruticose species are very rich in this
region. The rate of endemism is between 25
and 30 percent in this region and shows rich
plant diversity (Muratgeldiev et al., 2000).
Another phytogeographic region which is
called Euro-Siberia region covers the most of
territory of the North Anatolia and Black Sea
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coast of Turkish soil in Europe. With the
effect of climate, this region is covered with
dense forest covers (coniferous, deciduous,
and mixed) and bushlands. This might be
called the greenest region of Turkey home to
many different plant species. Mediterranean
floristic region generally includes the
Mediterranean basin. The Aegean Sea coast
and the Mediterranean coast are located
within this region. Scrublands are the
dominant vegetation type in this floristic
region. Forests are frequently seen in
undistorted areas where scrubland vegetation
is not dominant. In summary, it is a very
productive region in terms of species diversity
and vegetation existence.
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Figure 2. Area percentages pie chart of phytogeographic regions of Republic of Turkey

Material and Methods

CORINE land cover maps for 1990, 2000,
2006, 2012, and 2018 are the main datasets
used in this study. GIS were used frequently
during the study period and ArcMap 10.6
software was preferred in order to process
data. All raster and vector datasets were
adapted to the ETRS89 LAEA geographic
coordinate system. The spatial resolution of
the study was determined as 100 meters
depending on the CLC data structure.

As it is known, there are 44 different
subtitles under the five main land cover
classes in the CLC maps (Copernicus land
monitoring service, 2020). These land cover
classes were re-categorized in accordance
with the aims of this study (Table 1). The
Level 1 and Level 3 land cover classes of the
CLC have been created jointly for the entire
European continent. However, Level 1 land
cover classes should be reorganized for
Turkey because of its vegetation structure. For
example, code number 231 ‘Pastures’ are
generally grown in Turkey naturally and is
one of the areas that are not cultivated. For this
reason, this class within 'Agricultural Areas'in
CLC Level 1 should be separated in this study.
For this purpose, five main land cover classes
were prepared and used (densely vegetated
areas (DVA), moderately vegetated areas
(MVA), sparsely vegetated areas (SVA),
agricultural fields (AF), and wetlands (W)) in
this study in order to review changes in
vegetation. DVA represent all types of dense
forest covers. Since species belonging to this

class have a high rate of soil closure, they do
not allow the development of other underlying
plant species. Therefore, plant diversity in
these areas is quite low. However, they are
very rich areas in terms of both carbon storage
and productivity. MVA were categorized as
natural grasslands, pastures, herbaceous plant
fields, scrublands and bushlands. In this
category, plant diversity is quite high and the
rate of endemism is higher than in other fields.
The SVA class has been created to identify
areas where there is little or no vegetation
presence. Examples of these areas include any
type of artificial surfaces, rocky fields, natural
beaches, and fire-exposed fields. The class AF
represents agricultural fields. Irrigated or non-
irrigated agricultural  fields, vineyards,
orchards, and agro-forestry fields were
evaluated in this class. Finally, all wetlands
were collected under the W category.

In this study, firstly, the land cover data for
the years 1990, 2000, 2006, 2012 and 2018
were prepared statistically in line with the
determined classes. In this way, temporal
results and change trends of whole country
and its three phytogeographic regions were
obtained. The subclasses of DVA and MVA
land cover classes (classes belonging to CLC
Level 3) were examined one by one in order
to reveal the vegetation status, which is the
main purpose of the study, more particularly.
In other words, the temporal changes of
coniferous forests, broad-leaved forests,
mixed forests, natural grasslands, pastures,
herbaceous plants and bushlands were
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investigated class by class throughout this
study. Pre-digitized and georeferenced
phytogeographic region vector data was used
in order to examine the change in each
phytogeographic region with using ‘Clip’ tool

in ArcMap. All obtained quantitative data
were prepared as tables and the change rates
were examined. Finally, the results obtained
were discussed according to the characteristic
features of the florist zones of Turkey.

Table 1. CORINE Level 1 and Level 3 land cover types and their assigned classes according to
aims of the study. Densely vegetated areas (DVA), moderately vegetated areas (MVA), sparsely
vegetated areas (SVA), agricultural fields (AF), and wetlands (W).

CORINE Level 1

CORINE Level 3

Assigned Class

111 - Continuous Urban Fabric SVA
112 - Discontinuous Urban Fabric SVA
121 - Industrial or Commercial Units SVA
122 - Road and Rail Networks and Associated Land SVA
123 - Port Areas SVA
Artificial Surfaces 124 — Airports SVA
131 — Mineral Extraction Sites SVA
132 — Dump Sites SVA
133 — Construction Sites SVA
141 — Green Urban Areas SVA
142 — Sport and Leisure Facilities SVA
211 — Non-Irrigated Arable Land AF
212 — Permanently Irrigated Land AF
213 — Rice Fields AF
221 — Vineyards AF
222 — Fruit Trees and Berry Plantations AF
Agricultural Areas 223 — Olive Groves AP
231 — Pastures MVA
241 — Annual Crops Associated with Permanent Crops AF
242 — Complex Cultivation Patterns AF
243 — Land Principally Occupied by Agriculture, with AF
Significant Areas of Natural Vegetation
244 — Agro-Forestry Areas AF
311 - Broad-Leaved Forest DVA
312 — Coniferous Forest DVA
313 — Mixed Forest DVA
321 — Natural Grasslands MVA
322 — Moors and Heathland MVA
Forest and Semi 323 — Sclerophyllous Vegetation MVA
Natural Areas 324 — Transitional Woodland-Shrub MVA
331 — Beaches, Dunes, Sands SVA
332 — Bare Rocks SVA
333 — Sparsely Vegetated Areas SVA
334 — Burnt Areas SVA
335 — Glaciers and Perpetual Snow SVA
411 — Inland Marshes W
412 — Peat Bogs W
Wetlands 421 — Salt Marshes W
422 — Salines w
423 — Intertidal Flats W
511 — Water Courses W
512 — Water Bodies w
Water Bodies 521 — Coastal Lagoons W
522 — Estuaries W
523 — Sea and Ocean W
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Results and Discussion
Republic of Turkey

Land cover maps of Turkey were
performed in accordance to re-assigned land
cover classes, in order to meet aims of the
study, for the years of 1990, 2000, 2006, 2012,
and 2018. According to the results of all time
periods, it was observed that the most areas
were covered by the AF land cover type with
approximately 40 percent (Table 2). Turkey is
an agricultural country and agriculture
policies have been supported for years by
governments (Yavuz, 2005; Demirdogen &
Olhan, 2017). The 0.73% increase in total
over 28 years is an indicator of this (Table 3).

When the vegetation existence is
examined, it is seen that the areas belonging
to the DVA class occupy about 15 percent and
the areas belonging to the MVA class occupy
an area of approximately 25 percent of total
area. Briefly, the study results for all years,
about 40 percent of Turkey corresponds to a
part of green vegetation cover. At this point,
values obtained belong to DV A class, does not
coincide with the data of forest assets
prepared by the Ministry of Agriculture and
Forestry in 2015 (Orman Genel Midirliigi,
2015). According to the results obtained in
this study, 28.6% of the country is covered by
forests. This result, which corresponds to an
area of over 22 million hectares, is around
11.5 million hectares according to CLC
datasets. However, within the same report, it

was stated that productive forest fields were
around 12 million hectares in 2015. In this
case, it was observed that the forest areas with
high canopy closure represented by the DVA
class created in the study and the productive
forests in the data prepared by the ministry
conceptually coincide.

Another notable result obtained from the
study is that 17 percent of the country consists
of the SVA class. There has been an increase
of about 25.5 million population in Turkey
between 1990 and 2018 (TUIK, 2020).
Despite this, it has been observed that the
SVA land cover class had the highest
proportionally decline in the last 28 years
(Table 3).

Covering about 2 percent of the country,
the W class has been identified as the land
cover class with the highest increase in
percentage with an increase of 22.7 percent in
the last 28 years (Table 3). In the W class,
where spatial increments are observed in each
period, it can be thought that the policies
developed by the country regarding water
management are effective (Istanbulluoglu &
Kir, 2011).

In brief, while SVA and DVA classes
have decreased, there has been an increase in
AF, MVA and W classes in the 28-year
period. However, it has been determined that
these increases and decreases do not show
continuity except for the W class.

Table 2. Area coverage of land cover classes in 1990, 2000, 2006, 2012 and, 2018 within the

border of Republic of Turkey.

Land Cover Classes

Area 1990 (ha.) Area 2000 (ha.) Area 2006 (ha.) Area 2012 (ha.) Area 2018 (ha.)

SVA 13.444.050 13.682.522 12.993.352 12.728.010 12.811.557
AF 31.758.120 31.569.821 31.941.601 32.016.337 31.991.140
MVA 19.424.343 19.101.377 19.451.760 19.612.628 19.620.296
DVA 11.642.610 11.836.051 11.595.747 11.579.413 11.483.712
W 1.600.676 1.680.030 1.887.360 1.933.844 1.963.527

Table 3. Percentage of land cover change depending on the time periods for Republic of Turkey.
Area Change Percentage (%)

Total Change

Land Cover Classes 1990-2000 2000-2006 2006-2012 2012-2018 (1990-2018)
SVA 1.77 -5.04 -2.04 0.66 -4.70
AF -0.59 1.18 0.23 -0.08 0.73
MVA -1.66 1.83 0.83 0.04 1.01
DVA 1.66 -2.03 -0.14 -0.83 -1.36
W 4.96 12.34 2.46 1.53 22.67
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Euro-Siberia Phytogeographic Region

1990 and 2018 land cover maps of the
European-Siberian floristic zone which
covers 136.505 square kilometers surface area
were given in the Figure 3. The excess of
forest fields is noteworthy as a characteristic
feature of this floristic region. 37.3 percent of
the total Euro-Siberia region covered by the
DVA class in 2018. This percentage is higher
than other phytogeographic regions of
Turkey. Furthermore, the total natural green
area is more than half of the entire zone. This
corresponds to a value above the average of
Turkey. Despite all this, a total of 160.889
hectares of vegetation has been lost in the last
28 years (Table 4 and 5). Especially in this
phytogeographic  region  where  forest
vegetation is dominant, the decrease in DVA
class is a very substantial finding of this study.
However, these findings obtained for the
DVA class are not supported by different

studies (Aktiirk, 2019). According to the data
obtained from the land cover maps created
using Landsat satellite images in the
mentioned study, it was determined that forest
fields with dense canopy closure increased
approximately 18 percent between 1984 and
2018 in Euro-Siberia phytogeographic region.
In order to examine the details of this change
in vegetation fields, CORINE Level 3 classes
belonging to MVA and DVA classes should
be examined individually. In addition, CLC
change maps were used to determine the

direction of the land cover change
experienced.
Apart from the findings regarding

vegetation, a significant increase in W and AF
classes, variable increases and decreases
within SVA class were observed. (Table 4 and
5). Furthermore, changes are not continuous,
except for the W class as in the country
results.

1990

2018

Legend
[ Bordor of Euro-Siberia Florist Zone
CLC Euro-Siberia

Value

Figure 3. 1990 and 2018 CORINE derived land cover maps of Euro-Siberia phytogeographic

region

Table 4. Area coverage of land cover classes between 1990, 2000, 2006, 2012 and, 2018 in Euro-

Siberia phytogeographic region.

Land Cover Classes

Area 1990 (ha.) Area 2000 (ha.) Area 2006 (ha.) Area 2012 (ha.) Area 2018 (ha.)

SVA 761.483 840.700 755.414 739.521 762.478
AF 5.266.794 5.212.853 5.373.096 5.409.644 5.397.134
MVA 2.356.238 2.212.623 2.239.574 2.206.914 2.212.990
DVA 5.145.469 5.256.408 5.152.817 5.154.696 5.127.868
W 219.376 226.776 228.459 238.616 248.921
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Table 5. Percentage of land cover change depending on the time periods for Euro-Siberia

Phytogeographic Region.

Area Change Percentage (%)

Total Change

Land Cover Classes 1990-2000 2000-2006  2006-2012  2012-2018 (1990-2018)
SVA 10.40 -10.14 -2.10 3.10 0.13
AF -1.02 3.07 0.68 -0.23 2.47
MVA -6.10 1.22 -1.46 0.28 -6.08
DVA 2.16 -1.97 0.04 -0.52 -0.34
w 3.37 0.74 4.45 4.32 13.47
The decrease of 17.600 hectares explains the decrement in DVA class. This

experienced in the DVA class in the last 28
years is not a significant change on an area
basis for Euro-Siberia floristic region.
However, when the results of sub-land cover
classes of the DVA class in Table 6 are
examined, it is seen that the situation is quite
different from what was thought. In theory,
while the forests with characteristic
vegetation structure of this phytogeographical
region were expected to increase, decreases
were detected in the overall total. According
to the results in Table 6, there is a significant
increase in homogeneous forest stands
(Broad-leaved forest and Coniferous forest).
On the other hand, the decrease of 12.51
percent of mixed forests with heterogeneous
forest establishment in the last 28 years

change on mixed stands over 200.000 hectares
points to one of the most important issues to
be taken into account when the benefits of
forests with heterogeneous structure are taken
into account. When the sub-land cover classes
of the MV A class are examined, we encounter
a similar result. The 'Transitional woodland-
shrub' class, which represents one of the
characteristic vegetation structures of the area,
has decreased by about 20 percent that is
271.165 hectares. The biggest change in
percentage has  occurred in  the
"Sclerophyllous vegetation" class, and it is
noteworthy that this plant community, which
is specific to the Mediterranean region, has
increased in the Euro-Siberia
phytogeographic region.

Table 6. Area coverage of CORINE level 3 land cover vegetation classes in 1990 and 2018 and
change statistics for Euro-Siberia phytogeographic region.

Level 3 Land Cover Classes

Area 1990 (ha.) Area 2018 (ha.) Change Area (ha.)

Change Percentage

(%)
Broad-Leaved Forest 2.234.837 2.340.019 105.182 4,71
Coniferous Forest 1.262.577 1.345.930 83.353 6.60
Mixed Forest 1.648.055 1.441.919 -206.136 -12.51
Pastures 158.344 179.565 21.221 13.40
Natural Grasslands 805.451 904.947 99.496 12.35
Sclerophyllous Vegetation 8.535 15.710 7.175 84.07
Transitional Woodland-Shrub 1.383.908 1.112.743 -271.165 -19.59

In addition to the rates of changes declining mixed stands have Dbeen

mentioned above, the directions of change are
also very important. CLC 1990-2000, 2000-
2006, 2006-2012, 2012-2018 vector change
datasets were used to reveal the directions of
change. As a result of the investigations, it has
been determined that the areas belonging to
the 'Mixed forest' class were mostly
transformed into 324 coded 'Transitional
woodland-shrub' and 334 coded 'Burnt areas'
land cover classes. The 'Transitional
woodland-shrub' class, where most of the
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transformed, has largely transformed into 311
coded ‘Broad-leaved forest” and artificial
surfaces.

Irano-Turanian Phytogeographic Region

As a part of this study, land cover maps of
Irano-Turanian phytogeographic zone, which
covers approximately  500.000-kilometer
square area of Turkey, were given below
(Figure 4). As seen on the maps and stats, the
majority of the floristic zone was covered with
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AF, MVA and SVA land cover classes,
respectively (Table 7). This floristic region
contains the most AF, MVA, and W classes
field proportions, compared to others. As can
be seen from the results obtained, the region
is poor in terms of forest area and very fertile
in terms of herbaceous vegetation species.
The area of 13.5 million hectares belonging to
the MVA class is five times the total forest
areas in the region. This result is the highest
among all phytogeographic regions. In

addition, the dominant vegetation group

(MVA class) has increased by 0.66 percent in
the last twenty-eight years (Table 8).
However, when the increases by years are
analyzed, it is seen that these increases are not
continuous. From 1990 to 2018, there were
increases in AF and W classes with MVA,
while significant decreases were calculated in
SVA and DVA classes. As in the Euro-Siberia
region, while the increase of the W class is
continuous over the years, variable results
have been obtained for the other groups.

1990

0 45 90

Legend
Heeder trare umasn Heezbe Zane

CLC Irano-Turanlan

Value

B
*

s

180 270

60
Kilometers

Figure 4. 1990 and 2018 CORINE derived land cover maps of Irano-Turanian
phytogeographic region

Table 7. Area coverage of land cover classes between 1990, 2000, 2006, 2012 and, 2018 in Irano-
Turanian phytogeographic region.
Land Cover Classes Area 1990 (ha.) Area 2000 (ha.) Area 2006 (ha.) Area 2012 (ha.) Area 2018 (ha.)

SVA 11.240.772 11.323.472 11.125.963 10.888.522 10.924.375
AF 21.067.699 21.006.106 21.048.955 21.115.418 21.116.555
MVA 13.421.854 13.292.716 13.435.272 13.556.306 13.509.914
DVA 2.798.597 2.861.725 2.670.183 2.700.115 2.695.101
W 1.174.794 1.219.699 1.423.358 1.443.677 1.458.093
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Table 8. Percentage of land cover change depending on the time periods for Irano-Turanian
Phytogeographic Region.

Area Change Percentage (%)

Total Change

Land Cover Classes 1990-2000 2000-2006 2006-2012 2012-2018 (1990-2018)
SVA 0.74 -1.74 -2.13 0.33 -2.81
AF -0.29 0.20 0.32 0.01 0.23
MVA -0.96 1.07 0.90 -0.34 0.66
DVA 2.26 -6.69 1.12 -0.19 -3.70
w 3.82 16.70 1.43 1.00 24.11

In spite of decreases in DVA class and territory among the vegetation groups, lost
increases in MV A class, no significant change more than three hundred thousand hectares in
was observed in the total areas covered with the period from 1990 to 2018. In contrast, the
vegetation. Despite this, it is significant to 'Pastures' land cover class has experienced an

analyze sub-vegetation classes due to examine increase of 360,887 hectares, which is one of
the details of changes and monitoring them. In the main sources of increase in the MVA
this study, while introducing the study areas, class.

it was mentioned that the characteristic forest It has been determined that a large part of

establishments of the Irano-Turanian floristic the declining mixed forests has changed to the
region are conifer forest structures. According 324-coded 'Transitional woodland-shrub’
to the results in Table 9, it is seen that conifer class and a smaller portion changed to the
forests constitute half of all DVA class. In 131-coded 'Mineral extraction sites' over time.
addition, conifer forests have increased by Similarly, the changes in the ‘'Natural
8.8% in the last 28 years, while broad-leaved grasslands' class have occurred towards the
forests have decreased by 2.4% and mixed 324 coded and 131 coded land cover classes.
forests by 31%. As can be seen in the Euro- These results revealed that one of the main
Siberian phytogeographical region, mixed sources of these changes in vegetative covers,
forests suffered great losses both in terms of especially between 2012 and 2018, was
area and percentage. mining activities.

It is another remarkable result that the
'Natural grasslands' class, which has the most

Table 9. Area coverage of CORINE Level 3 land cover vegetation classes in 1990 and 2018 and
change statistics for Irano-Turanian phytogeographic region.

Level 3 Land Cover Classes Area 1990 (ha.) Area 2018 (ha.) Change Area (ha.)

Change
Percentage (%)

Broad-Leaved Forest 934.842 912.247 -22.595 -2.42
Coniferous Forest 1.248.625 1.358.196 109.571 8.78

Mixed Forest 615.068 424.635 -190.433 -30.96
Pastures 1.398.533 1.759.420 360.887 25.80
Natural Grasslands 7.708.884 7.391.202 -317.682 -4.12
Sclerophyllous Vegetation 212.171 270.967 58.796 27.71
Transitional Woodland-Shrub 4.101.253 4.087.180 -14.073 -0.34

Mediterranean Phytogeographic Region seen that DVA and MVA classes cover

AF, MVA and DVA classes dominate this around 25 percent of the area and provide the
zone as can be seen in the land cover maps of floristic characteristic features of this region.
the established Mediterranean According to the 28-year change results,
phytogeographic region (Figure 5). 52.4% the areas belonging to the SVA class have
percent of the whole area consists of decreased by 22%, and the DVVA class, which
vegetative fields and therefore Mediterranean has suffered another decline, experienced a
phytogeographic region can be count as the loss of about one percent (Table 11). This
greenest region of Turkey (Table 10). It is great change in the SVA class has enabled this
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floristic region to be enriched by vegetation. show an increase of 6.86 percent within the
In this region where maquis vegetation is MVA class. Furthermore, the increase in total
dominant, it is expected that the MVA class wetlands proportionally is higher than other
will be dominant and will increase over time. phytogeographic regions.

The results in Table 11 support this claim and
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Figure 5. 1990 and 2018 CORINE derived land cover maps of Mediterranean
phytogeographic region

Table 10. Area coverage of land cover classes between 1990, 2000, 2006, 2012 and, 2018 in
Mediterranean phytogeographic region
Land Cover Classes Area 1990 (ha.) Area 2000 (ha.) Area 2006 (ha.) Area 2012 (ha.) Area 2018 (ha.)

SVA 1.441.640 1.518.131 1.111.670 1.099.690 1.124.415
AF 5.422.903 5.350.192 5.518.925 5.490.659 5.476.839
MVA 3.645.730 3.595.533 3.776.446 3.848.883 3.896.866
DVA 3.698.160 3.717.520 3.772.354 3.724.240 3.660.382
W 204.967 232.024 234.011 250.005 254.975

Table 11. Percentage of land cover change depending on the time periods for Mediterranean
phytogeographic region

Area Change Percentage (%)

Total Change

Land Cover Classes 1990-2000 2000-2006 2006-2012 2012-2018 (1990-2018)
SVA 5.31 -26.77 -1.08 2.25 -22.00
AF -1.34 3.15 -0.51 -0.25 0.99
MVA -1.38 5.03 1.92 1.25 6.89
DVA 0.52 1.48 -1.28 -1.71 -1.02
W 13.20 0.86 6.83 1.99 24.40

Among the results obtained above, one of DVA class. Because, this region is seen as an
the most striking ones is the changes in the area dominated by red pine (Pinus brutia),
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with large forest areas and an expansion
potential. In order to examine this situation in
detail, CLC Level 3 classes need to be
examined (Table 12). As thought, an increase
of 375,725 hectares has been occurred in the
Mediterranean floristic region conifer forests
dominated by red pine. On the other hand,
there are high reductions in broad-leaved
forests and mixed forests. The fact that the
area in question is one of the most sensitive
areas to forest fires in the country and the

afforestation of the fired fields with the fast-
growing red pine species may have caused

these results. Again, as expected, the
Transitional woodland-shrub' and
‘Sclerophyllous vegetation' classes have

significantly increased their area over the past
28 years. The reductions in the 'Pastures' and
'Natural grassland' classes, which are the other
subclasses of the MV A class, are insignificant
to change the overall result.

Table 12. Area coverage of CORINE Level 3 land cover vegetation classes in 1990 and 2018 and
change statistics for Mediterranean phytogeographic region.

Level 3 Land Cover Class Area 1990 (ha.) Area 2018 (ha.) Change Area (ha.) Perc?r:?:ggee %)
Broad-Leaved Forest 424.470 366.414 -58.056 -13.68
Coniferous Forest 2.271.487 2.647.212 375.725 16.54
Mixed Forest 1.002.020 646.546 -355.474 -35.48
Pastures 68.844 62.240 -6.604 -9.59
Natural Grasslands 629.475 556.177 -73.298 -11.64
Sclerophyllous Vegetation 665.429 746.734 81.305 12.22
Transitional Woodland-Shrub 2.281.697 2.531.344 249.647 10.94

The changes in the sub-classes of the DVA
class in 'Broad-leaved forest' and 'Mixed
forest' classes were investigated. According to
the findings obtained, it was found that most
of the forests with this structure transformed
into 324 coded 'Transitional woodland-shrub'
and 312 coded 'Coniferous forest' class. In
addition, a considerable amount of conversion
to 334 coded 'Burnt areas' class has been
observed. These obtained results reveal the
transformation into a  homogeneous
vegetation structure after forest fires.

Conclusion

As a result of this study, which was
prepared using five different CLC datasets
covering the years between 1990 and 2018,
very important inferences were obtained. The
key conclusions and implications were listed
one by one below:

First of all, the decrease of DVA class in
the whole country and in each
phytogeographic region is a remarkable point
in the study. However, when this situation is
investigated detailly, it can be said that
heterogeneous forest structure decreases
rather than all forest types, monoculture forest
stands increase their area accordingly. Is
losing mixed forests a major environmental
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issue? The answer is absolutely yes. Because,
natural mixed forest has more benefits than
monoculture stands such as being more
resistant to forest fires, pests, abiotic effects,
providing good habitat for faunal and floral
elements and enhancing biodiversity (Odabasi
et al. 2004; Richards et al. 2010; Aktiirk et al.,
2020; Kara and Lhotka, 2020). This rapid
downtrend in these areas may cause many
environmental problems. The main reasons
for the decline of mixed forest areas might be
global climate change, excessive forest fires,
natural forest dynamics, forestry policies or
silvicultural  interventions. The  most
important conclusion that can be drawn from
this will be to ensure the protection of mixed
forest structures that have more benefits to the
ecosystem in the coming years.

Another important finding obtained from
this study is that the Irano-Turanian and
Mediterranean  floristic  regions  show
vegetation development in line with their
characteristic features in except the Euro-
Siberia region. In the Euro-Siberia region,
where the main vegetation is forests, it has
been observed that forest areas have
decreased, besides there is a significant
increase in the presence of herbaceous
vegetation in the Mediterranean region and in
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the presence of herbaceous vegetation in the
Irano-Turanian region. According to results,
the declining forest stands in the Euro-Siberia
region were mixed stands and the other
classes were increasing, there has actually
been no reverse change in this region.
Considering that phytogeographic regions
take their characteristics from the climate
conditions, it can be inferred that adverse
climatic conditions have not occurred in these
regions in the last 28 years.

Although the main purpose of the study is
to monitoring the vegetation cover, important
results were obtained regarding the other land
cover classes in the study. For example; it has
been found that wetlands increase in each time
period in all phytogeographical regions.
Within the framework of Turkey's water
policies, considerably increasing numbers of
dam constructions in recent years, has
increased the water holding capacity within
the country's borders which makes obtained
results meaningful in this study.

CLC data is one of the frequently used
datasets in land use/cover studies. The main
reasons for preferring these datasets are that
they are offered free of charge, have detailed
land cover classes, and have an acceptable
spatial resolution of 100 meters. Despite these
advantages, there are many academic studies
that indicate varied accuracies of CLC data,
especially in level 3 land cover classes
(Felicisimo & Sanchez Gago, 2002; Torma &
Harma, 2004; Caetano et al., 2006). When the
results obtained in this study are examined
carefully, it is seen that the changes between
2000-2006 are quite different compared to
other time periods. Furthermore, it has been
observed that the main reason for the
reductions experienced in mixed forests was
mainly due to the decreases experienced
between 2000-2006. Although these results
raise doubts, this issue was not discussed since
the main purpose of the study was to make
inferences from the existing data.

As a conclude, all the quantitative,
statistical results and inferences obtained in
this study are very valuable for us to arrange
our future plans in these days when we
struggle with global climate change. As it is
known, plants are very important for the
future of humanity, and their preservation puts
our future under protection. We can protect
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our world by carefully evaluating the obtained
results from these and similar studies by the
practitioners.
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