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ABSTRACT: In this study, having rich forest types, Belgrad Forest, located on the European side of Istanbul,
has been selected as study area. In determining the tree stand types, LANDSAT TM, IRS 1C and LISS 3 sat-
ellite images have been used. In order to study the condition of the area and the changes, image enhancement
and classification algorithms have been applied to satellite images. In differentiating types of forest through
satellite images, image classification algorithms based on field study were used. The results have been trans-
ferred to the database together with other data such as forest map, soil map, geological map and digital eleva-
tion model in order to set up geographic information system.  

1 INTRODUCTION

Rich natural resources occupy an important place in 
the economies of the nations. Determining the natu-
ral resources and compiling their inventories and 
planning the use of such resources are important fac-
tors in protecting the balance of national economy. 
Forests cover around 20.6 m hectares of land in Tur-
key, constituting 26 % of the country’s total area. 
Having varied tree types is the most significant 
characteristic of forests in Turkey. In studies such as 
determining the potentials, monitoring the temporal 
changes and updating the records of the forests, ac-
curate, fast and low-cost data can be provided by 
satellite imagery. These satellite data with field stud-
ies are advantageous for studying forests, which are 
the most important natural resources of the country. 

The functions and benefits occurring spontane-
ously in forest ecosystems such as, production of 
wood and non- wood forest products, avalanche con-
trol, water yield and hydrology, erosion control and 
soil conservation, nature and wild life habitat protec-
tion, common health and recreation, aesthetic and 
visual effects, and the regulation of climate are con-
sidered as forest resources (Asan, 1999). The eco-
nomic and ecological importance of forests is well 
understood in the studies of Skole and Tucker, 1993, 
Franklin and Woodcock, 1997, Franklin et al. 2000, 
and Rogan et al. 2002. 

With harvesting and regeneration, forest is a con-
tinuously changing natural resource. Due to this 
changing nature, increase in stock, forest damage 
and mortality, precise and reliable information of 

change are necessary for the large scale strategic 
forestry planning base and regulation of yield at 
small regional scale. The importance of mapping, 
quantifying, and monitoring changes of the physical 
characteristics of forest cover have been widely rec-
ognized as key elements in the study of global 
change (Nemani and Running, 1996, Rogan et al. 
2002). The location and rates of structural change in 
forests and the degree to which landscapes respond 
to these disturbances require an extensive investiga-
tion (Borak et al. 2000, Lambin, 1998). Remotely 
sensed spectral data has been used to identify broad 
categories of forest cover such as, coniferous versus 
deciduous stands (Nelson et al., 1985; Shen et al., 
1985; Hodgson et al., 1988; Lathrop et al., 1994, 
Martin et al., 1998). A nation’s forest inventory is 
crucial in terms of making decisions and policies. It 
has been established that satellite images could yield 
sufficient and reliable data for this purpose in a very 
short time, whereas the production of forest inven-
tory by means of ground studies is a time consum-
ing, costly and difficult process. Remote sensing has 
added greatly to our ability to understand forest sys-
tems, through the production of detailed maps and 
attribute sets, from the level of the stand to the level 
of the landscape (Mickelson et. al., 1998). Growth of 
forest types to a usable state entails a long process. 
Moreover, there are many parameters that affect that 
process. Also, tree types in a forest depend on the 
units of growing sites. As a result, there are varia-
tions in distribution of tree types.

Because Belgrad Forest is an area having rich 
forestry due to its geographical location and general 
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characteristics, differentiability of forest types by us-
ing satellite images was analyzed. Image enhance-
ment techniques and image classification algorithms 
were applied to satellite imagery with the reference 
of ground data. 

2 METHODS 

2.1 Study site 

The Belgrad Forest region, located on the western 
part of Istanbul, has been chosen as the study area 
(Figure 1). Belgrad forest lies between the co-
ordinates of 28° 55' 22''- 28° 58' 07'' east, 41° 13' 37'' 
- 41° 09' 25'' north and covers an area of approxi-
mately 4987 Hectares. In this study, 3182 Hectares 
from this area was analyzed.  

Figure 1. Study area 

2.2 Data

In the study, many kinds of data were collected from 
various sources. The satellite images, aerial photo-
graphs, orthophoto maps, standard topographic maps 
(scale 1:25000), forest maps have been used as data 
sources of the study. Also, ground truth studies have 
been carried out (Figure 2).

Figure 2. Photographs of study area 

The satellite images used in the study are the 
LANDSAT TM, IRS 1C and LISS 3 (Table 1). 

Table 1. Satellite images 

Image Date 
LANDAT TM 18 July 1997 

IRS 1C 9 June 2000 
LISS 3 9 June 2000 

2.3 Geographic Information System 

A Geographic Information System (GIS) is an auto-
mated system designed to capture, manage, analyse 
and output every kind of spatial data. A geographic 
information system provides the opportunity to cre-
ate more dynamic and meaningful analysis for po-
tential users by integrating multiple spatial informa-
tion. Integration of GIS and remote sensing 
technology will provide maximum information con-
tent and analysis capabilities to the users. GIS are 
useful for analyzing of spatial and temporal bio-
physical parameters detected by remote sensing 
techniques (Narumalani et al., 1997). In this study, 
Belgrad Forest was chosen as the test site and other 
data such as forest map, soil map, growing site map 
and digital elevation model have been integrated and 
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analysed in GIS. The test site consists of pure and 
mixed tree species of all ages. The mixed trees con-
sist mainly of Qercus spp. (Q) (92%), Carpinus
betulus(Cb), Castanea sativa (Cs), Fagus orientalis 
Lipsky (Fo), Alnus glutinosa (Ag), Pinus nigra (Pn), 
Erica arborea (Ea), Crateagus monogyna (C), and
Arbutus unedo (Au) (Figure 3).

Figure 3. Forest types of study area 

Elevation and units of growing sites are important 
parameters necessary in the growth of the species. 
Along with elevation, increased precipitation and 
decreased temperature lead to climatic changes and 
the formation of elevation – climate belts. Depend-
ing on the slope and aspect of the land, the rainfall 
affects the soil either as run-off water in flat terrain 
or as ground water at the valley bases. In preparing 
maps of growing site units, these parameters were 
taken into consideration. Growing sites map and 
ecological soil types map integrated into the geo-
graphic information system (Figure 4,5).  

Figure 4. Growing sites of study site  

Figure 5. Ecological soil types of study area 

As the digital elevation models bear altitude in-
formation, they are used in obtaining resolutions, 
which cannot be obtained by two-dimensional 
analysis. In forming the digital terrain model of the 
study area curves have been digitized at each 20m 
from 1/25000 topographic maps. As a result, a slope 
map was derived (Figure 6). 
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Figure 6. Slope groups of study area 

2.4 Analyses

Geometric correction was carried out using standard 
techniques (Welch and Ehlers, 1987, Sunar and 
Musao lu, 1998). Ten ground control points digi-
tized from 1/25000 standard topographic maps were 
used to rectify the images to a Universal Transverse 
Mercator (UTM) map projection with an average 
root mean square error of 0.5 pixel. The cubic con-
volution method was used for the transformation. 

Classification of satellite images was done in 2 
stages. In the first stage ISODATA, unsupervised 
classification algorithm, was applied to the satellite 
data and 30 classes were obtained for each data set. 
These classes were compared with tree stand maps, 
land use maps and other data. Some of the groups 
were eliminated and others were combined in order 
to be used in the supervised classification. Maxi-
mum Likelihood classification algorithm was ap-
plied to satellite data in the second stage and 20 
classes were determined. In determining the sample 
area and controlling the classification results tree 
stand maps; ground data, orthophotos, photographs 
and personal contacts were utilized. 

During classification, non-forest areas (settle-
ments, roads, etc.) were combined under the heading 
of non forested area. In forested areas, badly de-
formed tree stands were combined with the mixed 
woods class due to the fact that they had similar 
characteristics. In this class, there were also other 
various tree stands such as Carpinus betulus, Quer-
cuss spp., Castanea sativa as well as maqius areas. 

The classification of forest cover is an important 
process in both forest resource management and sci-
entific research issues (Martin et al. 1998). In the 
studies to be carried out with satellite data, reliable 
field study must also to be made to ensure desired 

accuracy. Classification accuracy is typically taken 
to mean the degree to which the derived image clas-
sification agrees with reality or conforms to the 
‘truth’ (Campbell, 1996). Accuracy assessments de-
termine the quality of the information derived from 
remotely sensed data (Congalton and Green, 1999). 
Many methods of accuracy assessment have been 
discussed in the remote sensing literature (Foody, 
1992, Congoltan, 1999, Aronoff, 1982, 1985; Kalk-
han, Reich and Czaplewski, 1995; Koukoulas and 
Blackburn, 2001). The most widely promoted and 
used one, however, may be derived from a confusion 
or error matrix.

To assess the accuracy of the classification, 100 
random points were generated on the classified maps 
and compared to the corresponding at the same co-
ordinates on ground truth studies, orthophoto maps, 
different scale thematic maps, and 74% classifica-
tion accuracy was obtained. Figure 7 shows the clas-
sified image of LISS 3.  

Figure 7. Classification result of LISS3 

3 RESULTS 

The classification of integrated data from multiple 
sources represents a powerful and synergistic ap-
proach to deriving important geoscientific informa-
tion from diverse data sets. By combining the vector 
and raster data, a host of information can be gath-
ered about the study area. Furthermore, raster data 
can also be evaluated either by reshuffling them 
among themselves with various algorithms or to-
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gether with graphic data. In this study, a digital ter-
rain model obtained from the digitized topographic 
data as well as the satellite images. So, the study of 
land features from different points of obtained data 
group makes it possible to evaluate the area under 
real circumstances together with land cover. 

When the classified image is evaluated jointly 
with the digital terrain model, it can be seen that on 
the ridges and the sections facing south, Quercus
spp. trees exist. Furthermore, on upper slopes, there 
is a mixture of Quercus spp. and Castania sativa,
and on the lower slopes facing north and the river-
beds Carpinus betulus trees predominate.  

After the classification of Landsat TM and LISS 
3 satellite imagery, it can be inferred that LISS 3 im-
agery gave more successful results in differentiating 
the forest types. Information systems that have a 
comprehensive forest inventory are necessary for 
analyzing the current situation, development and 
management of forests. So, data such as, soil types, 
growing site units, and elevation are important in 
making decisions for the development and manage-
ment of forests. 

Combined with the ground information, data to 
be obtained  from satellite images must be used as 
an important source in establishing the targets and 
strategies in forest management, carrying out analy-
ses and taking timely precautions thus maintaining a 
successful management.  
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