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ABSTRACT:

The Sazlidere Basin is located on the European side of Istanbul within the borders of Arnavutkoy and Basaksehir districts. The total
area of the basin, which is largely located within the province of Arnavutkoy, is approximately 177 km?2. The Sazlidere Basin is faced
with intense urbanization pressures and land use / cover change due to the Northern Marmara Motorway, 3rd airport and Channel
Istanbul Projects, which are planned to be realized in the Arnavutkoy region. Due to the mentioned projects, intense land use /cover
changes occur in the basin. In this study, 2000 and 2012 dated LANDSAT images were supervised classified based on CORINE
Land Cover first level to determine the land use / cover classes. As a result, four information classes were identified. These classes
are water bodies, forest and semi-natural areas, agricultural areas and artificial surfaces. Accuracy analysis of the images were
performed following the classification process. The supervised classified images that have the smallest mapping units 0.09 ha and
0.64 ha were generalized to be compatible with the CORINE Land Cover data. The image pixels have been rearranged by using the
thematic pixel aggregation method as the smallest mapping unit is 25 ha. These results were compared with CORINE Land Cover
2000 and CORINE Land Cover 2012, which were obtained by digitizing land cover and land use classes on satellite images. It has

been determined that the compared results are compatible with each other in terms of quality and quantity.

1. INTRODUCTION

It is very important to produce thematically accurate
databases about land use / cover classes in terms of
environmental assessments for decision makers. The "Land
Cover" means to the bio - physical cover of land such as
forests, crops or artificial surfaces, and the "Land Use" term
means to the socio - economic use of land as agricultural land
or residential area (URL - 1, 2016). It is very difficult and
time consuming to extract land use / cover information in
large areas with classical methods. With the possibilities
provided by satellite images, it is an indispensable source to
produce such information and to make time analyzes.

Land use / cover classes that are produced from satellite
images has certain standards. There are four main approaches
in the literature: ANDERSON, FAO, NLCD and CORINE
(Coordination of Information on the Environment) (Anderson
et al.,, 1976; Loveland et al., 1991; URL — 2, 2014; Di
Gregorio et al., 2016). The CORINE program has been
implemented, an information system on the state of the
European environment has been created, nomenclatures and
methodologies have been developed from 1985 to 1990 by
the European Commission (URL — 3, 2017). The CORINE
Land Cover database continued to be updated at regular
intervals as the needs of environmental decision makers
continued. The minimum mapping unit is 25 ha and the
minimum width unit is 100 m. Areas smaller than 25 ha are
allowed in the national land cover database as additional
thematic layers, but should be aggregated or generalized in
the European database (URL — 3, 2017). The mapping
method is computer supported by photo interpretation for
greater part of countries, however some countries perform
semi-automatic methodologies by integrating in being land
use data, digital classification of satellite images or
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cartographic generalization of high-resolution, national land
use / cover data (URL — 4, 2017).

There are many up to date studies and researches in different
study areas and subjects carried out using the CORINE Land
Cover database in the literature (Diaz-Pacheco and Gutierrez,
2014; Perez-Hoyos, et al., 2014; Suau-Sanchez et al., 2014;
Alavipanah et al., 2015; Alp et al., 2015; Baltzer, 2015; Keil
et al., 2015; De Meij et al., 2015; Bartold, 2016; Calvache et
al., 2016; Mantas et al., 2016; Giorgio et al., 2017; Rosina et
al., 2017; Szumacher and Pabjanek, 2017, Sertel et al., 2017).

Remote sensing and geographical information systems
methods were used and land use / cover information from the
CORINE database were utilized in these studies and
researches. The researchers have contributed to the
production, usage and development of the CORINE Land
Cover database with the results and recommendations
obtained. In this study, the appropriation of generalized pixel
based classification results from LANDSAT data to produce
data for CORINE Land Cover Database was investigated.

2. STUDY AREA

Istanbul is ranked 22™ in terms of the density of urban areas
in the world and it is the most crowded city of Turkey (URL
— 5, 2017). Istanbul, which connects Europe and Asia
Continents, continues to receive migrations from other
countries of our country due to the multiplicity and diversity
of its economic and social facilities, and therefore significant
changes are observed in urban areas within provincial
boundaries. There are 7 drinking and usage water reserves
within the province borders. These are Omerli, Elmali and
Darlik dam lakes on the Anatolian side and Alibeykoy,
Terkos, Sazlidere and Buyukcekmece dam lakes on the
European side (Figure 1.)
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The Sazlidere Basin, which is the subject of the study, has an
area of approximately 177 km? and is also located on the
European side of Istanbul, within the borders of the
Arnavutkoy and Basaksehir districts, and the great extent of
the basin is within the borders of the Arnavutkoy district. In
addition, the Arnavutkoy district center has developed into
the basin boundary from the east of the basin.

SAZLIDERE BASIN

BLACK SEA

- ALIBEYKOY
BUYUKCEKMECE BASIN
BASIY

OMERLI

BASIN \

DARLIK BASIN

.
MARMARA SEA  *4¢,

0 15 30 60 KM
e S T S S S— | ELMALI BASIN

Figure 1. Basins that provide drinking water to Istanbul

3. MATERIAL USED

3.1 LANDSAT Data

In order to determine the change of land cover and usage in
Sazlidere Basin; LANDSAT MSS and ETM images of July
2000 and July 2012 were used. The satellite images used
were provided free of charge from the LANDSAT USGS
website and in the UTM WGS 84 coordinate system and
datum. Table 1 shows LANDSAT MSS and ETM sensor
properties (URL — 6, 2016).

MSS Bands (um) TM / ETM Bands (um)
Band 1 0mB 0.441-0.514
Band 2 30mG 0.519-0.601
Band 3 30mR 0.631-0.692
Band4  80mG 0506  30mNIR  0.772-0.898
Band5  80mR 06-07 io mSWIR- 4 547.1.749
80 m 120/60 m
Bands o' ™ o708 12 10.31-12.36
80 m 30 m SWIR-
Band7  Sopo" 08110 5 2.064-2.345
15 m PAN
Band 8 s 0.515-0.896

Table 1. LANDSAT MSS and ETM sensor features

LANDSAT data of the study area were examined and their
suitability was investigated. When the 2000, 2011 and 2012
dated LANDSAT images of the study area were examined, it
was seen that the images of 2000 and 2012 were appropriate
to study but the image of 2011 had cloud contains. Since
there was no other image of 2011 dated taken in a different
month, the 2012 dated LANDSAT image was used for
comparison with CORINE Land Cover 2012, even though its
spatial resolution is low.

3.2 CORINE Database and Classification System

In this study, the information classes were determined based
on the CORINE classification system first level. CORINE

Land Cover 2000 and CORINE Land Cover 2012 data were
compared with the results of pixel based supervised
classification results and generalized classification results of
the 2000 and 2012 dated LANDSAT images.

At the present time, Turkey Government has fully completed
the National Land Cover 1990, 2000, 2006 and 2012 and
handed it over to the European Environment Agency (URL —
7, 2014). In CORINE 2000 Project 2000 dated LANDSAT
image with 30 m spatial resolution and in CORINE 2012
project 2011 and 2012 dated RapidEye images with 5 m
spatial resolution and RSD LISS Ill images with 25 m spatial
resolution were used (URL — 7, 2014; URL - 8, 2016, URL —
9, 2017). Within the CORINE Land Cover database
downloaded from the website, the boundaries of the study
area were separated using vector data. Figure 2 shows
CORINE Land Cover data in Sazlidere Basin area.
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Figure 2. CORINE Land Cover 2000 and 2012 data

The CORINE classification system has a three-level
hierarchical structure. At the first level; land cover and use
types are divided into 5 main categories. At the second level;
basic land cover and use units are divided into 15 sub-
categories and 44 sub-categories in the third level. In this
study, CORINE classification system first level classes were
produced and the study area, Sazlidere Basin, covers 4 of
them.

4, METHOD
4.1 Classification

There are different classification methods such as pixel
based, object based or support vector machine to obtain land
use / cover information from satellite data. In this study, pixel
based classification was used to obtain CORINE first level
classes. For this aim, unsupervised classification by using
ISODATA algorithm and supervised classification by using
maximum likelihood algorithm were processed together as a
hybrid classification (Lillesand et al., 2004; Sunar and Ozkan,
2011, Sariyilmaz, 2012). The spectral classes resulting from
the unsupervised classification process were modified by
comparing with high spatial resolution image and used as
input to the supervised classification process.

As a result of the classification, four information classes of
the first level of the CORINE classification system were
obtained for each image. These are; water bodies, forests and
semi-natural areas, artificial surfaces and agricultural areas.
Artificial surfaces (AS) include urban texture areas, industrial

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-1V-4-W4-357-2017 | © Authors 2017. CC BY 4.0 License. 358



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume IV-4/W4, 2017
4th International GeoAdvances Workshop, 14—15 October 2017, Safranbolu, Karabuk, Turkey

or commercial units, transportation units, mine, foundry and
construction sites, and non-agricultural plant sites.
Agricultural areas (AA) include arable land, permanent crop
fields, pasture lands and heterogeneous agricultural lands.
Forests and semi-natural areas (FSNA) include forest areas,
forests and grassy vegetation, and open areas with little
vegetation or no vegetation cover. Water bodies (WB) are
also defined as inland waters and seas (URL- 10, 2017).

In order to complete the classification process, the thematic
accuracy of the results obtained should be determined
(Richards, 1999). In this study, an accuracy analysis was
carried out to determine the accuracy of the information
classes obtained after completing the classification process.
The most common method used to evaluate the accuracy of
the thematic maps is to analyze the error matrices (Congalton
and Green, 2008; Kumar, 2012). In order to express the
thematic accuracy of the classification results, the overall
accuracies of the images were calculated using the error
matrix.

As a result of the accuracy assessment process, the overall
accuracy of the 2000 dated classified image was calculated as
86% and the overall accuracy of the 2012 dated classified
image was 87%. These values are in the acceptable range and
it is appropriate to continue studying.

4.2 Generalization

It is essential to provide easy and fast understandable
information on quantity and quality, depending on the
purpose and scale of the results obtained after the acquisition
and processing of spatial data. Making this information
meaningful is done through maps produced in compliance
with the standards accepted by the institutions or decision
makers. This requires the generalization of database or
information for cartographic model, depending on the subject
and the scale. Cartographic generalizations, which are tightly
connected to the purpose and scale factors of the produced
map, are simplification and elimination (selection), geometric
combination, exaggeration, displacement, emphasis and
conceptual unification" (Ulugtekin, et al., 2013). In general
terms, the generalization process is to decrease information
redundancy in the result obtained and to include the most
appropriate information in the content of the result (Bilgi,
2017).

In this study, images which were obtained as a result of
conceptual generalization, for example, including all the
settlement areas, industrial zones and roads into the thematic
class of artificial surfaces, were still conceptually generalized
by the thematic pixel aggregation process (Figure 3). At the
same time, with this process, the pixel size of the image has
been rearranged to be 25 ha. In this way, the images were
scaled to the same level as CORINE Land Cover data and the
salt and pepper effect in the images was removed. In order to
ensure compatibility between classification results and
CORINE Land Cover data, the conceptual generalization
process was applied to the classified images considering the
smallest mapping unit of CORINE Land Cover data, 25 ha. A
pixel represents 0.09 ha for the 2000 dated image with a
spatial resolution of 30 m. In this case 25 ha can be expressed
with 277 pixels. For this image, the smallest mapping unit
has been approached to 23 ha with 16x16 pixels. A pixel area
represents 0.64 ha for the 2012 dated image with a spatial
resolution of 80 m is likewise. In this case 25 ha can be
expressed by 39 pixels. The smallest mapping unit for this
image has been approached to 23 ha with 6x6 pixels.

INPUT IMAGE

OUTPUT IMAGE

Figure 3. "Thematic Pixel Aggregation" process
5 RESULTS and CONCLUSIONS

Since the results of the accuracy analysis applied to the
classified images are within the acceptable range, the spatial
results were compared with the CORINE Land Cover
database. 2000 and 2012 dated classified images and
statistical results of the classification process are given in
Figure 4 and Table 2.
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Figure 4. Classification results

Class 2000 2012
WB 4% 3%
FSNA 34% 29%
AA 48% 52%
AS 14% 16%
Total 100% 100%

Table 2. Distribution of land use / cover classes

At the next stage of the study, the CORINE Land Cover 2000
database (URL - 11, 2014) was compared with the 2000
dated classified image and the CORINE Land Cover 2012
database (URL - 12, 2017) was compared with the 2012
dated classified image for Sazlidere Basin area. Table 3
shows the areal comparison statistics.

Classification CORINE Overlap Rate
Class (ha) (ha) (%)
2000 2012 2000 2012 2000 2012

WB 670 588 918 918 73 64
FSNA 5745 5002 3379 3055 59 61
AS 2331 2680 @ 767 1056 33 39
AA 8345 8821 12027 12062 69 73

Total 17091 17091 17091 17091

Table 3. The comparison results for classification process
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The mismatches between the classification results and the
CLC data are due to differences in the data production
method as well as the non-generalization of classification
results. In order to make a quantitatively more significant
comparison, classification results were generalized.

2000 and 2012 dated generalized images and statistical
results of the classification process are given in Figure 5 and
Table 4.
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Figure 5. Generalized results

Class 2000 2012
WB 5% 4%
FSNA 26% 25%
AA 64% 62%
AS 5% 9%

Table 4. Distribution of land use / cover classes in
generalized images

Table 5 shows the areal comparison statistics between
classification results and CORINE Land Cover database first
level classes after generalization process.

Classification CORINE Overlap Rate
Class (ha) (ha) (%)
2000 2012 2000 2012 2000 2012

WB 832 665 918 918 91 72
FSNA 4454 4263 3379 3055 76 72

AS 790 1499 767 1056 97 70

AA 11015 10664 12027 12062 92 88
Total 17091 17091 17091 17091

Table 5. The comparison results for generalization process

When the Table 5 is examined, it is seen that the overlap rates
between 2000 dated image results and CORINE Land Cover
2000 data is higher than the overlap rates between 2012 dated
image results and CORINE Land Cover 2012 data. This is
due to differences in spatial and spectral resolution of the
data used in pixel based classification process researched in
this study and CORINE Land Cover data production.

In this study, the consistency between the classes produced
by the classification of LANDSAT images and CORINE
Land Cover Database first level classes was investigated. For
this aim, classification results were compared with same
dated CORINE Land Cover data of study area, and low
overlap rates were calculated as a result of comparison. This

is due to the fact that the classification results have not been
generalized in addition to the method difference used in the
production of the CORINE database. Therefore, in the
following stage, classification results were conceptually
generalized by the thematic pixel aggregation process. After
the generalization, the results were compared again with
CORINE Land Cover data and it was observed that the
overlap rates of the data were increased.

The data used by European Commission in the CORINE
Land Cover 2012 database production and the 2000 dated
LANDSAT image used in this research have same spatial and
spectral resolution characteristics. For this reason, these two
different results have achieved higher rates of agreement with
each other. Similar results can be obtained with different
methods when using similar data. Consequently, it is
appropriate that pixel based classification process results can
be used to produce data for CORINE Land Cover Database
after generalization process in areas containing mixed
classes.

The CORINE Land Cover database is updated every 6 years
since the 1990s. Using automated or semi — automated
methods to update the database will allow producing results
in a short time. For this reason, it is important to investigate
the advantages of different classification methods on the
CORINE Land Cover database in urban and rural areas with
different land use / cover characteristics.
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