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ABSTRACT

In the present study, the land use and land cover (LU/LC) of Diizce province, belonging to the years 1990, 2000, and 2018, were examined in the Western
Section of the Black Sea Region. According to the data that we have used from the CORINE database, 7 LU/LC classes were defined; artificial, agricultural,
transitional vegetation, pasture, wetland, woodlands and other areas. In this context, the changes have been occurred in the area (km?) in LU/LC during the
28 years from 1990 to 2018 and discussed the reasons for these changes. Also, in the study, it was revealed on which lands the changes in LU/LC were
concentrated using ArcGIS 10.4 and TerrSet programs. Attempts have been made to contribute to the sustainable and efficient use of the land by associating
the changes in the LU/LC of Diizce province with soil-cover, land-use capability, climate, and population characteristics. It has been noticed that a significant
part of the artificial areas, which are in continuous development, has expanded towards the agricultural lands. Also, it was determined that the area that LC/
LU expanded the most was agriculture, and the places where LC/LU decerased its area the most were forest areas. Therefore, we have revealed that the
major reason for the negative change in the forest lands is the expansion of agricultural areas.
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oz

Bu calismada Bati Karadeniz bélimiinde yer alan Diizce ilinin 1990, 2000 ve 2018 yillarindaki arazi kullanimi ve arazi értiisii (AK/AQ) incelenmistir. CORINE
veri tabanina ait verilerin kullanildigi calismada yapay alanlar, tarim, orman, bitki gecis alanlari, mera, sulak ve diger alanlar olmak tzere 7 AK/AQO sinifi
belirlenmistir. Bu baglamda calisma kapsaminda 1990 yilindan 2018 yilina kadar gecen 28 yillik siirecte AK/AQ'de alansal olarak (km? meydana gelen
degisimler ve bu degisimlerin nedenleri tizerinde durulmustur. Ayrica ArcGIS 10.4 ve TerrSet programlarinin kullanildigi calismada AK/AO'deki degisimlerin
hangi araziler lizerinde yogunlastigi ortaya konulmustur. Bunlara ek olarak calisma sahasina ait arazi kullanim kabiliyeti haritasi ile arazi 6rtlsu haritasi
cakistirilarak tarima elverisli alanlarin ne sekilde kullanildigini ve bu egilimin ne yénde oldugu analiz edilmistir. Diizce ili AK/AO'de meydana gelen degisimler;
toprak ortust, arazi kullanim kabiliyeti, iklim ve nifus &zellikleriyle iliskilendirilerek arazinin surdirebilir ve verimli sekilde kullaniimasina katkida
bulunulmaya calisiimistir. Nitekim siirekli gelisim icerisinde olan yapay alanlarin dnemli bir kisminin tarim arazileri tizerinde genisledigi goriilmistr. Ayrica
kapladigi alani en fazla genisleten AK/AO'niin tarim, en fazla daralmanin ise orman alanlarinda oldugu tespit edilmistir. Orman arazilerindeki negatif
yondeki degisimin en blyuk sebebinin tarim alanlari oldugu saptanmistir.
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1. INTRODUCTION

Throughout the course of human history, people have benefited
from nature and their land to survive (Garipagaoglu and Duman,
2018). A land that is a geographical area; in addition to being a
bio-productive natural entity under the functional influence of
climate, soil, water, mineral substances and living things, it is a
natural resource from which many things needed to sustain or
facilitate life are produced (Ozgaglar, n.d.). The lands that are part
of the earth vary in terms of their cover layer and purpose. This
diversity has led to the emergence of the concepts of “Land Use
(LU)” and “Land Cover (LC)” (Sar1 and Ozsahin, 2016). Although
these concepts are sometimes used interchangeably, they are
essentially different (Anderson et al., 1976; Campbell, 1981; Di
Gregorio and Jansen, 2000). Land cover is natural and human
areas covering the earth act as a cover on which land use activities
occur (Bayar, n.d.). In this context, vegetation cover, settlement
cover and soil cover are the surface covers corresponding to the
land cover (Coffey, 2013). On the other hand, is how people
benefit from land use activities, arrangements, and inputs they
perform on a certain type of land cover depends on the relationship
between humans and the natural environment. It is the land
management method according to social and economic purposes
(Ozgaglar, n.d.). In other words, land utilization determines the
current use of the land in general, classification in terms of value
and planning of the used style (Gozeng, 1980).

In the studies on land use and land cover, it is seen that these
terms are not differentiated. In this respect, it would be
appropriate to explain with an example the difference between
the terms of land use (LU) and land cover (LC), which are
sometimes used interchangeably. For example, a region as a
nature park refers to land use, while coniferous forests within the
nature park represent land cover. In short, land use shows how
people use the land, whereas land cover shows the land’s physical
characteristics. Therefore, in this study where we consider the
land cover and land use of Diizce province, the terms of land use
(LU) and land cover (LC) were used as “LU/LC (Land Use/Land
Cover)”. These terms are used under a single heading in recent
studies. Some of these studies are: Meyer and Turner II (1996),
Fisher et al., (2005), Mark and Kudakwashe (2010), Giilersoy
(2013, 2014), Hua et al., (2015), Karakus et al., (2015), Sar1 and
Ozsahin (2016), Altiirk (2017), Kupkova et al., (2019),
Brewington (2020).

It is necessary to plan land use and prevent past misuse to
meet the increasing population’s needs worldwide and use
resources efficiently and sustainably. The development of

settlements and industrial areas causes deterioration of
agriculture, forest, pasture areas, and the lands’ natural
characteristics (Gtilersoy, 2013: 170). In this respect, some
studies and plans are conducted to make the best use of the land.
An important part of these studies is the determination and
analysis of past and present LU/LC. Today, satellite images are
mostly used to make this determination. Thanks to the data
obtained, various maps are presented and plans are made on
them. Land cover maps provide information to help best
understand the current situation. Land cover maps of different
periods are needed to see the changes over time. In this context,
the studies carried out using satellite images have developed
considerably in the last half century. In these studies, geographical
information systems are widely used in land classification and
map production processes.

Various projects have been carried out at a regional, national
and global scale in order to examine the change of land use and
cover: National Land Cover Dataset in the USA, Countryside
Survey in the UK, CORINE (Coordination of Information on the
Environment) project that monitors the land cover and use of
countries in Europe. In addition, the global scale International
Land Use and Land Cover Change, International Geosphere
Biosphere Program, Human Dimensions Program with Global
Environmental Change and Global Environmental Change
projects, including USGS land characterization.

The CORINE project was created in order to determine the
change in land cover, to manage natural resources in the best
way, to plan environmental policies and to obtain a standard
database in all member countries of the European Environment
Agency (EEA) (Ministry of Agriculture and Forestry, 2019). In
the project created in line with the criteria and classification
system determined by the European Environment Agency, the
land cover data for the years 1990, 2000, 2006, 2012 and 2018
are included. Land cover characteristics are obtained by satellite
images and various data sources (Karakas Oziir and Ataol, 2018).
According to the criteria of the EEA and its system consisting of
44 classes, changes in the land cover for monitoring the land
through satellite images are determined by using the RS (Remote
Sensing) and GIS (Geographical Information Systems) (Ministry
of Agriculture and Forestry, 2019).

The CORINE database is an essential resource for those who
work on land cover and use, and this system is used in many
studies conducted with remote sensing techniques (Bayar and
Karabacak, 2017). The CORINE data system has begun to be
used in geographers’ studies on land cover and use, especially in
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recent years. Thus, Isparta (Basyigit, 2004), Tekirdag (Sart and
Ozsahin, 2016), Ankara (Bayar and Karabacak, 2017), Kilis
(Karademir and Dogan, 2019), Mersin (Sandal et al., 2020)
provinces, Thrace (Ozdes et al., 2019) and overall assessment
studies (Karakas and Ataol, 2018; 2018) are the significant
studies in Turkey that geographers have conducted by using the
CORINE database. In addition, the number of studies conducted
by geographers, earth and environmental scientists using the
CORINE database in various parts of the world, especially in
Europe, is increasing (Bossard et al., 2000; Janssen et al., 2008;
Feranec et al., 2010; Pérez-Hoyos et al., 2012; Balzter et al.,
2015; Grigorescu et al., 2018).

The purpose of the CORINE classification is to determine
the degraded areas, the destroyed forest areas, the regions with
low agricultural production, the distribution, and borders of
permanent settlements (Basayigit, 2004). In the study prepared
in this respect, in order to use the land in a sustainable and more
effective, the CORINE database was used to determine the
change that occurred in LU/LC in Diizce province during the 28-
year period from 1990 to 2018. This context aimed to draw
attention to the improper land use in this period while considering
the temporal change in Diizce province LU/LC classes between
1990, 2000 and 2018. Besides, determining the trend of the
changes in LU/LC and contributing to the creation of sustainable
land use policies in this direction are among the other objectives
of the study. In this respect, it is thought that the study will
contribute to regional planning and land monitoring systems.

2. MATERIAL AND METHOD

This study aimed to reveal land use changes and land cover
in Diizce province using the CORINE system’s data set. While
the study was conducted, the CORINE land cover classes, which
consist of 44 classes, were reduced to 7 classes by combining
some land cover, taking into account the study area’s
characteristics (Table 1). In this context, determined the changes
in Diizce province LU/LC in the 28-year period between 1990-
2018. Land cover maps for the years 1990, 2000 and 2018 were
recreated using the ArcGIS 10.4 program. The surface (km?) of
the changes occurring between these periods is presented, and
the reasons and consequences of this change are emphasized.
Besides, used the Land Use Capability (LUC) map of Diizce
province to determine the areas suitable for agriculture and those
that were not and the land cover maps of Diizce province for
1990, 2000 and 2018 overlapped with this map. Thus, it was
determined in which class areas the change in land cover
occurred according to the land use capability.

Table 1: Reclassification of CORINE land cover classes.

Land Use / Land Its description within the CORINE land cover
Cover classes

Continuous urban fabric, discontinuous urban fabric,
industrial or commercial units, road networks and
associated land, construction sites, sport and leisure
facilities

Non-irrigated arable land, permanently irrigated land,
fruit trees and berry plantations, complex cultivation
patterns

Broad-leaved forest, coniferous forest, mixed forest
Pastures, natural grasslands

Artificial Areas

Agricultural Areas

Forest Areas
Pasture Areas

Transitional Transitional woodland-shrub, land occupied

Vegetation by agriculture, with significant areas of natural
vegetation

Wetlands Inland marshes

Other Areas Beaches, dunes, sands, bare rocks, sparsely vegetated

areas

Also used TerrSet (IDRISI) software to reveal the changes in
land cover in Diizce province. Using the land change model of
the software (Land Change Modeler-LCM), the changes in the
land cover of Diizce province in 1990, 2000 and 2018 and the
direction of these changes were shown in the graphics. Also, a
map was created with LCM to demonstrate how the land cover
has changed between 1990-2018.

2.1. Location, boundaries and general features of the study
area

Diizce province, which constitutes the study area, is located
in the Western Black Sea Section of the Black Sea Region. Diizce
province is adjacent to Zonguldak in the east and Bolu in the
south. The province of Diizce is located in the west of Sakarya
and surrounded by the Black Sea in the North (Figure 1).

Diizce province consists of the depression plain located in its
center and the high area surrounding this plain. The plain floor,
whose edges are limited by fault lines, constitutes the
accumulation area within the depression trench, while the high
area around the plain forms the erosive surfaces corresponding
to the uplift area (Ozdemir, 1992: 6). The province has a coast of
approximately 30 km along the Black Sea in the north. Ak¢akoca
Mountains rising behind the shore ends in the Diizce plain. The
plain is surrounded by Keremali and Abant Mountains in the
south and Bolu Mountains in the east. In comparison, Diizce
plain’s elevation ranges between 130-180 meters, the elevation
level increases in the surrounding mountainous area and is higher
than 1500 meters in the south (Figure 2).

Diizce Plain, which is in the form of bottomland, presents
high seismicity due to its geological structure. Diizce, Hendek
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Figure 2: Morphometric map of Dilizce province and its near area.

and Cilimli active faults, which are part of the North Anatolian under the destructive effect of these faults from time to time. It
Fault Zone, are located in the Diizce Plain and its immediate was particularly affected by the earthquakes that took place on
surroundings. Therefore, the settlements in the region have been 17 August and 12 November 1999. In these earthquakes,
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extensive damage occurred in the administrative center of
Kaynasli, Golyaka and Diizce, which led to changes in land use.

Among the lakes in Diizce province, the lake with the largest
surface area is Efteni Lake, located in the northwest of Diizce
plain. The rivers in the region are included in the Melen Basin, a
sub-basin of the Western Black Sea Basin. The two most
important rivers within the provincial borders are Biiyiik Melen
and Kii¢iik Melen. Hasanlar Dam is located on Kii¢iik Melen,
which takes its source within the borders of Yigilca district.
Biiyiik Melen, which takes its source from Efteni Lake, flows
towards the north and drains its waters into the Black Sea from
Melenagz1 village located on the Sakarya-Diizce provincial
border. Biiyiik Melen was included in the Biiyiik Melen Project
in 1997 and it was decided to build a dam on it. The Melen Dam,
which is under construction situated 7 km west of the Biiyiik
Melen River will meet some of Istanbul’s water needs and start
hydroelectric production after its completion.

The Black Sea climate is dominant throughout the study area.
While these conditions are more pronounced in the coastal area,
we can see differences towards the inner parts. As a matter of
fact, in Ak¢akoca, which is located on the Black Sea coast in the
north, the annual precipitation is 1080 mm. The highest
precipitation season is autumn, while the annual precipitation in
Diizce city center is 831 mm and the highest rains in winter
(Siyanus, 2013: 73-74). The annual average temperature in
Diizce is 13 °C (Figure 3). The climatic characteristics prevailing
throughout the province affect LU/LC. This situation affects
agricultural activities as well as the characteristics and
distribution of vegetation. The hazelnut, which is grown in
various provinces on the Black Sea coast, is also common in
Diizce. However, hazelnut agriculture is mostly carried out in
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Figure 3: Change of temperature and precipitation by months in the
province of Diizce (1959-2019), (Turkish State Meteorological
Service, 2020).

Akgakoca because of climate, land structure and soil type. In the
inner parts, corn, wheat and paddy are cultivated besides
hazelnuts.

The distribution of human activities and land cover classes
are closely related to the distribution of soil groups. The most
common soil group within Diizce province’s borders, which
constitutes the study area, is the Limeless Brown Forest soils.
These soils, which are generally deciduous in winter and spread
in broad-leaved forests, are seen in the mountainous areas around
the Diizce plain. Another soil group with a wide distribution area
in the study area dominated by the Black Sea climate is the Red
Yellow Podzolic soils. The Red Yellow Podzolic soils on the
Black Sea coast spread from the coastal area to the Diizce plain.
Alluvial soils suitable for agriculture are present in almost all of
Diizce plain. In contrast, Brown Forest soils are observed in the
forest area in the east of the province and Gray Brown Podzolic
soils roughly in the northeast. Apart from these, hydromorphic
and colluvial soils are found in the form of thin strips in places
(Figure 4, Table 2).

Another factor affecting the distribution of LU/LC is the area
and distribution of Land Use Capability (LUC) classes. In this
respect, those in the first four LUC classes constitute the areas
suitable for cultivated agriculture. In comparison, the areas in the
last four classes represent ones not suitable for cultivated
agriculture. Fifth, sixth, and seventh-class lands, which are not
suitable for agriculture, could be opened for cultivation from
time to time. This situation causes erosion, and bedrock comes to
the surface, lands turn into eighth-class useless lands (Giilersoy,
2014:61). These lands should be used as pasture and forest.
Besides, eighth-class lands create a life for the natural
environment and can be used for various activities such as
tourism and sports. When Diizce province lands are considered
in terms of land use capability, while 21% of the land is suitable
for cultivated agriculture, 79% constitutes areas not suitable for
cultivated agriculture (Table 3). Most of the lands suitable for
cultivated agriculture in Diizce province are located in the Diizce
plain and its immediate surroundings. Apart from this, there are
lands around Ak¢akoca in the north that are suitable for cultivated
agriculture. Soils that are not suitable for cultivated agriculture
are found in high and sloping fields around the Diizce plain
(Figure 5).

Whereas Diizce, which constitutes the study area, was a
district of Bolu province until 1999, it gained a province’s status
(as of 81st province of Turkey) after this date due to the earthquake
17 august 1999. Diizce province, which has an area of
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Figure 4. Soil groups map of study area (Republic of Turkey Ministry of Agriculture and Forestry, 2013).

Table 2: Soil groups of Diizce province (Republic of Turkey Ministry
of Agriculture and Forestry, 2013).

Soil Groups Field (km?) Rate (%)
Limeless Brown Forest Soils 1080 43
Red Yellow Podzolic Soils 550 22
Alluvial Soils 294 12
Brown Forest Soils 289 12
Gray Brown Podzolic Soils 233 9
Hydromorphic Soils 13 1
Colluvial Soils 18 1
Total 2,477 100

approximately 2,477 km?* consists of 8 districts including
Akgakoca, Cumayeri, Cilimli, Golyaka, Giimiisova, Kaynasli,
Yigilcaand Merkez districts. Besides, there are 114 neighborhoods
and 278 villages together with Beykdy and Bogazici towns within
the province. Transportation has an important place in the
development of Diizce, which is located at the transition point
between cities such as Istanbul, Kocaeli, Sakarya, Ankara and
Zonguldak, where industrial activities are carried out. In addition
to industrial establishments, agriculture, forestry products, trade

Table 3: Land classes surfaces of Diizce province (Republic of Turkey
Ministry of Agriculture and Forestry, 2013).

Land Class Surface (km?)
Class | 270
Class I 61

Class Il 48

Class IV 116
ClassV 8

Class VI 290
Class VII 1,665
Class VIl 19

Total 2,477

and service sectors constitute other economic activities. While
the Diizce province population in 1990 was 273,679, it increased
to 314,266 in 2000 with an annual increase rate of 1.5% depending
on fertility and immigration. Although the 1999 earthquake and
the emigrations slowed down the annual population growth rate
to 1.3%, the population continued to increase, growing to 387,844
in 2018. To meet the increasing population’s needs, the areas
allocated to socio-economic activities have expanded, leading to
land use changes.
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Figure 5. Map of land use capability classes of Diizce province (Republic of Turkey Ministry of Agriculture and Forestry, 2013).

3. FINDINGS
3.1. Land use and land cover change in 1990

In this study, in which the examined change of LU/LC in
Diizce province using the CORINE database, the data of 1990 on
LU/LC was used as base data. In the province of Diizce, which
has approximately 2477 km?, the largest land cover to this date is
forests. The forest cover seen in the mountainous area surrounding
the Diizce plain covers 1,489 km? and covers approximately
60% of the provincial acreage (Table 4). The forest cover

Table 4: Land use/land cover rates of Diizce province (1990).

LU/LC Surface (km?) Rate (%)
Artificial Areas 38.8 1.6
Agricultural Areas 679.2 274
Forest Areas 1488.4 60.1
Pasture Areas 19.7 0.8
Transitional vegetation 240.9 9.7
Wetlands 6.2 0.3
Other Areas 3.5 0.1
Total 2476.8 100

consists of broad-leaved, coniferous and mixed forests that form
the region’s characteristic vegetation.

With 679 km?, the largest land cover after the forest belongs
to agricultural areas. Agricultural lands covering 27.4% of Diizce
province consist of non-irrigated arable lands, irrigated
agricultural lands, orchards and mixed farming areas. An
important part of the agricultural area is located in the Diizce
plain. It is seen in the coastal areas and the northeast, south and
southwest of the province. Transitional vegetation within the
LU/LC classes forms the vegetation change formed due to
deforestation and the land cover occupied by agricultural land.
The LU/LC belonging to the transitional vegetation, spread over
approximately 241 km? occupies 9.7% of the total area.
Transitional vegetation areas are generally seen in transition
areas between forest and agricultural areas.

Continuous city structure, non-urban structure, industrial and
commercial units, highways, construction areas, sports and
recreation areas constitute LU/LC, classified as artificial areas in
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Diizce province. Artificial areas covering approximately 39 km?
constitute 1.6% of the provincial area (Figure 6). The residential
area, which has the largest area among the artificial areas,
belongs to the urban of Diizce and covers 24% of the artificial
areas. The urban of Ak¢akoca follows it with 9%. Pasture areas
are also another area of the LU/LC classes in the study area. It
represents 0.8% of the LU/LC classes of the grasslands spread
over an area of 20 km?. Other areas belonging to LU/LC are
wetlands representing lakes and dams with coastal, beach, sparse
vegetation, and bare areas. Efteni Lake and Hasanlar Dam
constitute an important part of the wetlands. The area covered by
wetlands and other areas in LU/LC is less than 1%.

In order to reveal the distribution of land use on arable and
non-arable lands in the province of Diizce, LUC and LU/LC
classes were overlapped. Accordingly, 362 km? of the land
suitable for cultivation agriculture is reserved for agriculture.
This amount corresponds to approximately 73% of the lands
suitable for cultivated agriculture, approximately 495 km? (Table
5). Apart from of the areas suitable for agriculture, 12% are
forests, 5.9% are artificial areas, and 5.8% are transitional
vegetation. Of the approximately 1982 km? land that is not

Table 5: Distribution of Diizce province land classes by land use/
land cover in 1990.

Land Use Capability

LU/LC
I-IV (km?)  Rate (%) V-VIII (km?) Rate (%)

Artificial Areas 29 5.9 9.8 0.5
Agricultural Areas 362.2 73.2 317 16
Forest Areas 59.5 12 1429 721
Pasture Areas 104 2.1 9.3 0.5
Transitional vegetation 28.9 5.8 212 10.7
Wetlands 1 0.2 2.5 0.1
Other Areas 3.8 0.8 24 0.1
Total 494.8 100 1982 100

suitable for cultivated agriculture, 1,429 km? consists of forest
cover. Accordingly, 72% of the areas not suitable for agriculture
are forest cover. Because of the prevalence of high and sloping
lands throughout Diizce province, except the Diizce plain, some
non-suitable areas for cultivation are used for agricultural
activities. This may occur especially in areas where hazelnut
agriculture is carried out. In this respect, agricultural areas
occupy 16% of the areas not suitable for agriculture in the study
area. The ratio of the areas belonging to transitional vegetation
cover, generally between forest and agricultural areas, is not

Zonguldak
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Figure 6: Land use/land cover map of Diizce province in 1990.
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suitable for agriculture, which is 10.7%. Aside from the
mentioned areas, the area covered by the classes belonging to
LU/LC that is not suitable for agriculture is below 1%.

3.2. Land use and land cover change in 2000

When the distribution of LU/LC in Diizce province is
examined for the year 2000, it is seen that there are no significant
changes compared to 1990. In contrast to the previous period,
the class that expands its area the most belongs to the forest
cover with a growth of 55 km?. Artificial areas follow it with
17.5 km?. In 2000, the land covers with the highest contraction
among the LU/LC classes compared to 1990 belonged to
transitional vegetation with a decrease of approximately 60 km?
and agricultural areas with 13 km?. The change in other LU/LC
classes is less (Table 6, Figure 7).

Generally, in studies conducted in recent years, it is observed
that the agricultural areas have increased, and the areas belonging
to forest cover are gradually decreasing. However, in the
province of Diizce, the situation between 1990-2000 took place
in the opposite direction. The reason for that is the forest and
cadastral works carried out by the Diizce Forestry Operation
Directorate during this period. In this context, the areas that were
previously converted to agricultural land from forest land were
determined. Later, saplings were planted in these areas and

turned back into forest land. Besides, carried out works in
transitional vegetation areas. As a result of these works, the
proportion of forest areas within the total LU/LC increased by
2% compared to the previous period and reached 62.3%. The
ratio of agricultural lands decreased by 0.5% and its share in the
total ratio decreased to 27% approximately. The other LU/LC
class, which expanded its area in 2000 compared to the previous
period, belongs to artificial areas (Figure 8). With the increase of
the population from approximately 273,676 in 1990 to 314,679
in 2000, the settlement area has expanded. The largest settlement
area in the artificial areas in 2000 was Diizce city, which was
spread over an area of 10 km?, followed by Akgakoca city with
3.5 km? as in 1990. Besides, the area covered by artificial areas
increased with the start of operation in 1992 of the Anatolian
Highway, which connects Istanbul to Ankara, within Diizce.
Besides, the opening of Diizce OIZ (Organized Industrial Zone)
in 1996 expanded these areas.

In 2000, 70.7% of the land suitable for cultivated agriculture
in the study area was allocated to the agricultural area. It was
followed by forest with 14% and artificial areas with 8.6%
(Table 7). Artificial areas increased the area they covered on
suitable land for agriculture from 1990 to 2000. There has been
a decrease in areas belonging to agriculture, forestry, pasture and
transitional vegetation. In areas that are not suitable for cultivated
agriculture, as in 1990, the largest LU/LC belongs to forest areas

Table 6: Land use/land cover change of Diizce province (1990-2000).

Increase / Decrease

LU/LC Surface (km?) Rate (%)
Surface (km?) Field (km?)
Artificial Areas 56.3 23 17.5 0.7
Agricultural Areas 665.8 26.9 -13.4 -0.5
Forest Areas 1543.5 62.3 55.1 2.2
Pasture Areas 18.5 0.8 -1.2 -0.1
Transitional vegetation 181.3 7.2 -59.6 -1.5
Wetlands 5.1 0.2 -1.1 -0.1
Other Areas 6.3 0.3 2.8 0.2
Total 2476.8 100 - -
Wetlands :
Other Areas
Forest Areas 1 =
Transitional Vegetation —_
Pasture Areas
Agricultural Areas d—
Artificial Areas .
0

{km?) B0 40 20 20 40 &0

Figure 7. Gains and losses in Diizce province land use/land cover (1990-2000)
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Figure 8. Land use/land cover map of Dlizce province in 2000

Table 7: Distribution of Dlizce province land classes by land use/
land cover in 2000.

Land Use Capability

LU/LC
I-IV (km?) Rate (%) V-VIIl (km?) Rate (%)

Artificial Areas 42.7 8.6 13.6 0.7
Agricultural Areas 349.8 70.7 316 15.9
Forest Areas 68.9 139 14741 74.4
Pasture Areas 9 1.9 9.5 0.5
Transitional vegetation 18.9 3.8 162.4 8.2
Wetlands 2 04 3.6 0.2
Other Areas 35 0.7 2.8 0.1
Total 494.8 100 1982 100

with 74.4%. The proportion of agricultural lands in areas that are
not suitable for agriculture is about 16%, while the rate of
transitional vegetation areas is 8.2%.

3.3. Land use and land cover change in 2018
Significant changes occurred in the province of Diizce in

2018 in LU/LC compared to the previous period, 1990-2000.
Especially, the earthquake that occurred in 1999 has caused

changes in land use practices. Besides, new areas have been
opened for reconstruction in Diizce, a province to heal the
earthquake’s consequences. Over the last 18 years, the area
covered by agricultural and artificial lands has expanded.
Accordingly, an increase of 397 km? in agricultural areas and its
ratio within the total LU/LC classes has increased from
approximately 27% to 43%. Especially, while a significant part
of the area between Diizce plain and the coastal area was
previously composed of forest cover, it is seen that a significant
part of it turned into agricultural land in 2018 (Figure 9). Again,
areas belonging to the forest and transitional vegetation in the
west, northwest and northeast of the province have also turned
into agricultural areas.

It is seen that artificial areas have expanded compared to
the previous period. In this period of time, the artificial areas
expanded by 35 km? and reached 91 km?. Thus, the ratio of
artificial areas within the LU/LC classes increased to 3.7%.
Socio-economic needs have increased with the Diizce province
population, which was from 314,266 in 2000 to 387,847 in
2018. In order to meet these needs, artificial areas have

130



SIYAVUS / Cografya Dergisi — Journal of Geography, 2021, 42: 121-138

Zonguldak

Legend

- Arlificial Arcas

Transitional Vegetations

Agricultural Areas - Wetlands
- Forests - Other Arcas
- Pastures 3 swdy Area

Figure 9: Land use/land cover map of Diizce province in 2018.

expanded. In 2000, the urban area of Diizce reached 18 km? as
a result of rapid urban expansion. After the earthquakes that
occurred in 1999 and Diizce gained the status of a province, the
new residential areas formed on the periphery of the city and
the establishment of Diizce University in 2006 caused the
expansion of artificial areas. Bahgesehir (Kalici Konutlar) area,
which is located in the northeast of the city and is approximately
3 km away from the city centre, has become a residential area
that developed after the earthquake. With Diizce becoming a
province, a population of 25,000 resides in an area of
approximately 6 km?, which was opened to construction. In
addition to this, the increase in the number of the small
industrial zone in the vicinity of the city and the number of
organizations within the OIZ, developments in the metal,
machinery, automotive, textile, and forestry products sectors
have caused the expansion of the artificial areas. Another land
cover that expanded its area within the LU/LC classes in 2018
is wetlands. In 2014, it was decided by the National Wetland
Commission to double the current state of the lake surface
within the scope of the “Efteni Lake Wetland Management
Plan” (Ministry of Forestry and Water Affairs Diizce

Development Plan, 2019). As a result of the related study, there
has been an expansion of approximately 5 km? in the wetland
surface of Diizce province.

In the province of Diizce, contraction occurred between
2000-2018 in the forest, transitional vegetation, other areas and
pasture areas among the LU/LC classes. Among these areas, the
highest loss occurred in forest areas with 357 km?, and its ratio
within LU/LC classes decreased from approximately 62% to
48% (Table 8, Figure 10). Again, in areas belonging to
transitional vegetation, a decrease of 76 km? occurred, and its
ratio within the total LU/LC classes decreased from 7.2% to
4.3%. As stated before, the reason for the losses in these areas is
agricultural and settlement areas.

When the distribution of the LU/LC area in 2018 is
interpreted in terms of the land use capability, it is seen that
the rate of agricultural lands among the lands suitable for
cultivated agriculture increased to 78.5% compared to the
previous period (Table 9). Artificial areas follow again with
14.4%. Apart from these two mentioned LU/LC, it is observed
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Table 8: Land use/land cover change of Diizce province (2000-2018).

Increase / Decrease

LU/LC Surface (km?) Rate (%)
Surface (km?) Rate (%)

Artificial Areas 91.2 3.7 349 1.4
Agricultural Areas 1062.6 429 396.8 16
Forest Areas 1186.8 479 -356.7 -14.4
Pasture Areas 184 0.7 -0.1 -0.1
Transitional vegetation 105.4 43 -75.9 -29
Wetlands 11 0.4 5.9 -0.2
Other Areas 14 0.1 -4.9 0.2
Total 2476.8 100 - -

Wetlands |

Other Areas

Forest Areas

Transitional Vegetation

Pasture Areas

Agricultural Areas

Artificial Areas

{km?) 330 -220

-110

Figure 10: Gains and losses in Duizce province land use/land cover (2000-2018).

Table 9: Distribution of Diizce province land classes by land use/
land cover in 2018.

Land Use Capability

LU/LC
I-IV (km?)  Rate (%) V-VIII (km?) Rate (%)

Artificial Areas 71 144 20.2 1
Agricultural Areas 388.2 785 674.4 34
Forest Areas 18 3.6 1168.8 59
Pasture Areas 8.8 1.8 9.6 0.5
Transitional vegetation 3.2 0.6 102.2 5.1
Wetlands 5.2 1 5.8 0.3
Other Areas 0.4 0.1 1 0.1
Total 494.8 100 1982 100

that other LU/LC areas suitable for agriculture have decreased.
As before, forests cover the largest area of land that is not
suitable for cultivated agriculture. However, it is seen here
that the forest cover has decreased and the agricultural areas
have increased compared to the previous period. The reason
for this is that after the areas suitable for agriculture are filled
with agriculture and artificial areas, agricultural activities are
tried to carry out in areas that are not suitable for agriculture to
meet the need.

Compared to the distribution of LU/LC in the study area in
1990 and 2018, a transformation that occurred within the LU/LC
classes during this period was discussed. The forests covered the
largest area in 1990 and 2018 (Table 10, Figure 11). However, a

Table 10: Land use/land cover change of Diizce province
(1990-2018).

Surface (km?) Increase / Decrease

LU/LC
In1990 In2018 Surface (km?) Rate (%)

Artificial Areas 38.8 91.2 524 7.5
Agricultural Areas 679.2 1062.6 3834 3.1
Forest Areas 1488.4 1186.8 -301.6 -1.2
Pasture Areas 19.7 184 -1.3 -0.4
Transitional Vegetation 240.9 105.4 -135.5 -3.1
Wetlands 6.2 11 4.8 43
Other Areas 35 1.4 -2.1 33
Total 2476.8 2476.8 - -

loss of approximately 302 km? occurred in areas belonging to
forest cover compared to 1990. This is because forest cover is
occupied by agriculture, transitional vegetation and artificial
areas. Approximately 267 km? of forest cover areas have been
turned into agricultural land, 30 km? transitional vegetation, 4
km? artificial land, and 1 km? pasture. It is understood that the
main reason for the destruction of forests is land clearing. Various
studies were carried out in the region by the Ministry of
Agriculture and Water Affairs regarding this issue. Occupied
lands are transformed back into forests with cadastral works
carried out in this context. Besides, carried out afforestation
in 6.5 km?
afforestation in an area of 30 km? between 2014-2018 (Ministry

maintenance and rehabilitation works area,

of Forestry and Water Affairs Diizce Development Plan, 2014-
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Figure 11: Gains and losses in Diizce province land use/land cover (1990-2018).

Table 11: The transformation of land use/land cover in Diizce province between 1990-2018 (km?).

LU/LC* Artificial Areas  Agricultural Areas  Agricultural Areas Pasture Areas Transitional Vegetation Wetlands Other Areas
Artificial Areas - 494 4.1 2.8 55 - 2.1
Agricultural Areas 111 - 272.2 13 158.2 0.1 1.2

Forest Areas 0.3 4.7 - 0.1 30.5 - -

Pasture Areas - 29 1.1 - 2.1 -

Transitional Vegetation - 1.5 60.4 13 - - 0.4
Wetlands - 1.7 - 2 1.8 - 2

Other Areas - - - - 1 - -

*Values in rows represent area gained from plots in column section. (km?)

2018). However, it is understood that the studies conducted are
not sufficient to protect the forests.

LU/LC, which is the second largest area after forest cover,
belongs to agricultural areas. In the period from 1990 to
2018, agricultural lands expanded by 383 km?approximately.
During this period, 267 km? of the agricultural lands were
obtained from the forest, 157 km? from transitional
vegetation, 11 km? from artificial arecas. However,
approximately 50 km? of the agricultural lands have turned
into artificial areas (Table 11). The need for agricultural land
has increased to meet the needs of the increasing population.
For this reason, the LU/LC that expands the most area in the
study area are agricultural areas. LU/LC, which is spread
over another large area in Diizce province, belongs to
transitional vegetation.

Between 1990 and 2018, there was a loss of 135 km? in
transitional vegetation areas. This situation emerged by turning
157 km? into agriculture areas, 6 km? into artificial areas and 2
km? into wetlands. The transitional vegetation areas gained from
approximately 30 km? of forest cover. Areas belonging to
transitional vegetation cover were between agricultural and
forest areas. It is understood that a significant part of these areas
has turned into agricultural areas over time.

The fourth wide-spread class in Diizce province belongs to
artificial areas. During the 28 years, artificial areas have
expanded by approximately 52 km? This LU/LC class has
expanded its surface with 38 km? of agriculture, 5 km? of
transitional vegetation, 4 km? of forest, 3 km? of pasture, and 2
km? of land gained from other areas (Figure 12). It is observed
that residential areas, which constitute a significant part of
artificial areas, have been transformed from agricultural lands.
An important part of this expansion took place in Diizce plain
and its immediate surroundings. In this respect, it is understood
that artificial areas, especially settlements, occupy arable lands.
With the increase in urbanization, the higher income in the
agricultural lands around the urban area compared to the
agricultural income caused these areas to rapidly turn into
residential areas (Bayar and Karabacak, 2017).

While there was no significant change in the lands belonging
to the pasture cover, one of the LU/LC areas in the study area,
the area covered by wetlands, has increased by 5 km?
approximately and almost doubled. As mentioned before, the
conservation studies carried out in 1992 and 2014 for Efteni
Lake by the Ministry of Forestry and Water Affairs were effective
in this situation. 2 km? of land belonging to other areas in the LU/
LC classes were lost. It is understood that the anthropogenic
effect is more limited in LU/LC classes belonging to pasture and
other areas than in others.
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Figure 12: Transitions between land use/land cover categories in the Diizce province between 1990 and 2018.

4. CONCLUSION

In this study, the land use and land cover changes in Diizce
province in 1990, 2000 and 2018 were examined using the
CORINE database. While there was no significant change in LU/
LC between 1990 and 2000, significant changes occurred
between 2000 and 2018. The land cover characteristics covering
the largest area in Diizce province are forests. It is followed by
agricultural land. Additionally, there is a relationship between
forest areas and agricultural lands. At the same time, there was a
contraction in agricultural areas during the period between 1990
and 2000, even if to a small extent forest areas tended to expand.
This situation was realized with the land registry cadastre works
carried out between 1990 and 2000 and the forest land occupied
by the agricultural lands was converted back into the forest.
However, while the forest areas contracted, the agricultural areas
have expanded after 2000. Whereas the ratio of forest areas in
the total LU/LC was approximately 62% in 2000, this rate
decreased to 48% in 2018. While the agricultural land rate was
27% in 2000, it increased to 43% in 2018. The forest areas in the
west and east of Diizce plain and the forest area in the south of

Akgakoca have turned into agricultural areas. have turned into
agricultural areas. While the annual decrease rate of forest areas
is 1.2%, the annual increase rate of agricultural areas is 3.1%. In
this respect, although various public institutions have carried out
some studies to protect forest areas, it is understood that these
implementations are not sufficient. The relevant public
institutions should protect the forest areas; implementations for
afforestation and rehabilitation must be actualized.

There has been a significant decrease in transitional
vegetation areas in the study area between 1990 and 2018. The
areas belonging to transitional vegetation cover approximately
10% of Diizce Province’s area in 1990 and constitute 4% in
2018. It is seen that the areas belonging to the aforementioned
land cover have decreased by 60% approximately in the last 28
years. Areas belonging to transitional vegetation, generally
located between forest and agricultural land, are mostly occupied
by agricultural lands.

The artificial areas in the study area have been in continuous
expansion since 1990. The need for socioeconomic areas,
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especially with the increase in population, affected this situation.
Besides, after Diizce became a province in 1999, some factors;
the opening of new zoning areas, the increase in the number of
buildings, the opening of the OIZ, the passing of the Istanbul-
Ankara Highway through the provincial borders, and the
foundation of Diizce University has caused an increase in
artificial areas throughout the province. In this regard, artificial
areas, which covered 1.6% of Diizce province in 1990, became
3.7% in 2018. The development of residential areas, which
constitutes a significant part of the artificial areas, took place
along the Diizce plain and its immediate surroundings and the
coastal area in Akgakoca. Most of the artificial areas in Diizce
province have expanded over agricultural areas. The urban of
Diizce, which constitutes the largest settlement in the study area,
expanded over time and united with the residential areas. The
annual growth rate of artificial areas is 7.5%. In this regard, it is
predicted that settlements around the city will also be included in
the city over time. As a result of this expansion, other natural
elements, especially agricultural areas, will be damaged. There
has been an increase of 80% in the wetlands in the study area
compared to 1990. The protection of Lake Efteni and its
immediate surroundings by the Ministry of Forestry and Water
Affairs in 1992 was effective on this increase. Besides, with the
decision taken by the National Wetland Commission in 2014, the
lake surface expansion works within the scope of the “Efteni
Lake Wetland Management Plan” were also effective. Apart
from these, there has not been a significant change in LU/LC of
pastures and other areas whose area is more limited in Diizce
province.

The artificial areas in the study area have seen continuous
expansion since 1990. The need for socioeconomic areas,
especially with the increase in population, affected this situation.
Besides, after Diizce became a province in 1999, some factors;
the opening of new zoning areas, the increase in the number of
buildings, the opening of the OIZ, the passing of the Istanbul-
Ankara Highway through the provincial borders, the
establishment of Diizce University have caused an increase in
artificial areas throughout the province. In this regard, artificial
areas, which covered 1.6% of Diizce province in 1990, became
3.7% in 2018. The development of residential areas, which
constitute a significant part of the artificial areas, took place
along the Diizce plain, its immediate surroundings and the
coastal area in Ak¢akoca. Most of the artificial areas in Diizce
province have expanded over agricultural areas. The urban of
Diizce, which constitutes the largest settlement in the study area,
expanded over time and united with the residential areas. The
annual growth rate of artificial areas is 7.5%. In this regard, it is

predicted that it will also include around the urban over time. As
a result of this expansion, other natural elements, especially
agricultural areas, will be damaged. There was an increase of
80% in wetlands in the study area from 1990 to 2018. The
protection of Lake Efteni and its immediate surroundings by the
Ministry of Forestry and Water Affairs in 1992 had an impact on
this increase. Besides, with the National Wetland Commission’s
decision in 2014, the lake surface expansion works within the
scope of “Efteni Lake Wetland Management Plan” had also had
an effect on increase. Apart from these, there has not been a
significant change in LU/LC of pastures and other areas whose
area is more limited in Diizce province.

Recommendations

Human activities have played the most active role in LU/LC
in Diizce province. Especially the earthquake which occurred in
1999 and then Diizce becoming province has reasoned the land
use pattern changings. Besides the government’s support for
development, new areas that opened to construction have caused
the expansion of artificial lands. After the earthquake, Bahgesehir
district (Kalict Konutlar) has built on sloping land on the
northeast of the city and covers approximately 6 km? area.
However, it is more reasonable to use these lands as a residential
area compared to Diizce plain in terms of both preventing
damages from any possible earthquake and preventing the
occupation of fertile agricultural areas. This district has become
almost the edge city with a population of 25 thousand. The
distance between the Bahgesehir district and the downtown is 3
km and completely first class agricultural land. This area in
between may be under the risk of occupation by the settlements
over time. TOKI’s that were built in the northeast of the city is an
indication of this. However, the development should occur
towards the north and east sloping lands of Bahgesehir’s vicinity.
This situation is highly crucial for protecting these agricultural
lands and preventing getting damaged by any possible
earthquake. The establishment of Diizce University in the north
of the city in 2006 and the construction activities related to this
have spread on approximately 1.8 km? area. This choice is
convenient because this area is on sloping land and sixth,
seventh-class lands. The university campus must develop in this
area without spreading to any different points.

Industrial establishments form a part of the artificial areas at
various points on the Diizce plain, almost all of which comprise
first class land. A significant part of these have been active in the
2000s and expanded its area. One of them is a small industrial
zone (0.7 km?) located west of the city and north of the D-100
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(Adapazari road). Also, along with the D-100, there are various
industrial establishments. Such as textile, pipe, and automotive
along the Bolu road. Besides, the OIZ (1.5 km?) located
approximately 5 km south of the city and another OIZ (1.2 km?)
located to the east are important employment investments.
However, these industrial establishments are located on
agricultural lands. This means that the land in Diizce province is
not under appropriate usage for its purpose. Also, the mountains
around the Diizce plain affect the accumulation of polluted air
and adversely affect the city’s ventilation. In this regard, direct
industrial activities towards the sloping lands located on the edge
of the plain and the wind direction should be considered while
constructing. Besides, if the industrial establishments located at
various points of the Diizce plain are agglomerated, geographical
concentration and agricultural land will be less occupied.

Generally, there are forests and transitional vegetation on
sixth and seventh-class lands in Diizce province. These areas,
which need to be protected as forests, have been turned into
agricultural areas and land degradation has occurred. These
lands need to be rehabilitated and protected as forest and
transitional vegetation areas. In addition, organizations can be
made for tourism in these lands without damaging nature and
forests. Located within the borders of the province; Glizeldere
Waterfall (650 m), Aydmpmar Waterfall (330 m), Odayeri
Plateau (1,200 m), Kardiiz Plateau (1,830 m), Kizik Plateau
(1,600 m), Derebalik Plateau (1,400 m), Piirenli Plateau (1,400
m), located within the borders of the province. Giizeldere
Waterfall (650 m), Aydmpimar Waterfall (330 m), Odayeri
Plateau (1,200 m), Kardiiz Plateau (1,830 m), Kizik Plateau
(1,600 m), Derebalik Plateau (1,400 m), Piirenli Plateau (1,400
m), Hera Plateau (1.500 m), Balikli Plateau (1,400), Sinekli
Plateau (1450 m), Topuk Plateau and Pond (1.280) can be
organization areas for tent camps, trekking, photo-safari, off-
road and for various festivals. In addition to these, should
increase pasture improvement practices to improve rangeland
livestock. For this, pasture areas should be fertilized to increase
grass production and the nutritional value of grass.

In sum, the human factor is the main reason for the change in
land cover in Diizce province. The transformation of land
belonging to the forest and transitional vegetation into
agricultural land confirms this. Also, the transformation of
agricultural lands into artificial areas indicates improper land
use. As a matter of fact, while 14.4% of the lands suitable for
cultivated agriculture in the first and fourth classes are allocated
to artificial areas, 34% of the lands in the last four classes that are
not suitable for agriculture are used as agricultural land. First,

forest areas need to be rehabilitated for proper use, such as it was
done between 1990-2000. After that, should develop artificial
areas on the sloping lands around the Diizce plain or the plain’s
edges. Considering that Diizce is located in the first degree
seismic zone, it should avoid construction on the poor and
alluvial ground. In this respect, plans should be made by the
area’s natural environment characteristics by including
shareholders such as public institutions, universities, non-
governmental organizations, and local people.
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