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Abstract 
It is essential that forest sites be characterized and classified to realize effective planning and 
implementation of sustainable forest management activities or regulations. Developing as well 
as conducting harvesting activities on the ground in the absence of forest site information is 
highly ineffective or insufficient, calling for recognizing the potential production capacity and 
conditions of forest sites. Forest site classification has been of a major problem in Turkish 
forestry. In Turkey, the productivity of forest sites has been determined with solo wood 
production objective in forest management using the dominant height at a reference age. 
However, forests sites have to be determined based on various factors such as landscape 
structure, climatic profile, biotic features and soil characteristics, as typical site parameters. 
This direct process is highly time demanding, expensive and hard to conduct, necessitating the 
use of information technologies such as Geographic Information System (GIS) and Remote 
Sensing (RS). This research was therefore designed to demonstrate the integrated use of GIS 
and RS in characterizing, classifying and mapping forest sites in Genya Mountain, located in 
central Management District in Artvin State Forest Enterprise of Turkey. The ground 
measurement data, used as ground truth data, was correlated with the supervised 
classification of the Landsat ETM (2001) image.  
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1 Introduction 
According to forest management regulations, the main goal is to supply national requirement 
for forest crops by producing the most quality timber in a site. To benefit the multiple values 
of forests, site classification must be carried out for forest management planning (Seçkin and 
Kahveci 1993). It is necessary to determine and restrict forest sites by classifying and mapping 
the of site attributes for sustainable forestry. Without the site classification of landscape and 
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the generation of the associated site maps in Turkey causes failure of forest management 
applications (Baskent et al., 2003).   

Forestry is a biologically system covering reproductive activities such as regeneration, 
maintenance and aforestation in addition to other activities such as planning, protecting, and 
harvesting under the influence of forest site factors which are mainly composed of topography, 
climate, soil and vegetation. Recognizing, quantifying and understanding the site factors are 
paramount as they affect almost all activities (Kantarcı and Tolunay, 1996). For example, 
growth of tree species depends on the characteristics of the growing sites  characterized by the 
ground formation, climate, living objects, main rock, and soil. The main parameter of forest 
sites is actually the useable water capacity of the soil and whether that soil is adequate 
throughout the summer. 

Water content of the soil (soil moisture) and the useable water capacity available in soil are 
determined by means of analyzing the soil samples taken from the land. It is possible to assess 
the soil moisture by means of electronic devices buried into the earth at a certain depth. 
However, that procedure may have negative impact on measurements. Besides such activities, 
there are studies focused on determining soil moisture by using remote sensing data. As 
known, penetration depth is very low in visible and near infrared region. Therefore, in 
establishing the soil moisture, sensors which sense in microwave regions where penetration is 
higher are being used (Liang, 1997). Furthermore, as the change in amount of water in the soil 
in microwave region has considerable impact on the reflection characteristics of the soil, 
differentiability from each other is enhanced between the moist and dry areas (Saatchi, 1993). 
As for the studies conducted with optical sensors to analyses soil moisture, 5th channel (1.55-
1.75 nm) of LANDSAT TM 5th is recommended (Lillesad and Kiefer, 1987). In images 
obtained in thermal areas, as the areas covered with water and the areas saturated with water 
content will appear in light tone as they are radiometically (Örmeci, 1987; Engman, 1991; 
Dobson et al., 1986). Because of these features, images obtained in thermal areas have also 
been used in determining soil moisture (Musaoglu, 1999). 

In this study, possibilities of determining the units of forest sites from satellite images by 
means of statistical analyses have been studied.  

2 Study Area 
The study area covers Genya Mountain within the management District of Artvin State Forest 
Enterprise, between 41032’00’’-41007’30’’ north latitudes and 41032’00’’-41053’00’’ east 
longitudes, an area within the Eastern Black Sea region of Turkey (Figure 1). Elevation ranges 
from 750 to 2047 m. with an average of 1430 m. The study area situates on a steep topographic 
surface with a slope ranging from 32 % to 90 %, with an average of 65 %. Mean annual 
temperature is 6.6 0C and the precipitation is 1157 mm (Erinç, 1984; Anonymous, 2001). 
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Figure 1 The location of the study area (surrounded by red solid lines) and sample plots (large yellow 
dots). 

2.1 Establishment of Database 
Ground data obtained from research project which was completed in the test area by Gunlu 
(2003) along with the map of forest sites produced as a result of the project were used as the 
basis. Map of forest sites pertaining to the area and ground measurement points are digitized to 
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build spatial data base using GIS. In this study, LANDSAT -7 ETM received in July 2001 was 
used (Figure 2). LANDSAT ETM has 7 wavelength bands, 185 km swath width and 16 day-
repeat cycle. Bands 1, 2,3,4,5 and 7 have 30 m spatial resolution and band 6 has 60 m spatial 
resolution. The radiometric resolution for all bands is 8 bit. 

3 Method 
The studies involving the determination of soil moisture with satellite images reveal that there 
is penetration of 5-10 cm into the upper layer of the earth. Thus, the information about this thin 
cover was derived (Engman, Saatchi et al., 1993). Given that, first of all, forest site 
classifications were assigned regarding the physiographic factors such as landform, aspect, and 
slope. Four different forest site classes; dry, moderate fresh, fresh and moisture were generated 
using GIS analysis. Secondly, the study area was classified with the supervised classification 
(Maximum Likelihood) (Figure 3). Then, correlation analysis was conducted with the 
brightness values of satellite images and the forest sites for 112 points where field 
measurements were taken. For this purpose, the points whose growing sites had been 
determined with land measurements and digitalized into digital environment were identified on 
the satellite images and the correlation analyses were determined using ERDAS imagine 
program . Channel 5 of LANDSAT 7 ETM image was used to analyze the soil moisture of the 
site as it is sensitive to soil moisture (Figure 4). 
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Figure 2 Landsat 7 ETM images (2001). 



7th International Symposium on Spatial Accuracy Assessment in Natural Resources and Environmental Sciences. 
Edited by M. Caetano and M. Painho. 

600 



0 42
Kilometers

Dry Sites

Moderate fresh sites

Fresh sites

Moisture sites

Residential-Agriculture

Coruh river

Afforestation

ARTVİN

 
Figure 3 Supervised Classification (Maximum Likelihood) in Landsat 7 ETM images. 



7th International Symposium on Spatial Accuracy Assessment in Natural Resources and Environmental Sciences. 
Edited by M. Caetano and M. Painho. 

 601

 
Figure 4 The brightness values in Landsat-7 ETM images (Channel 5). 

In study area, the correlations between soil moisture (0-10 cm) and reflectance values were 
determined and the results were given in Table 1. 

Table 1 The correlations between soil moisture and reflectance values in forest sites with Landsat 7 ETM 
images. 

Correlation 
Forest Sites Depth of soil (cm) 

Landsat 7 ETM (Channel 5) 

dry 0-10 0,62 

moderate fresh 0-10 0,30 

fresh 0-10 0,50 

moisture 0-10 0,01 
 

4 Results and Conclusions  
When statistical results are analyzed, relatively high correlation was determined between the 
reflectance values on the 5th channels of the Landsat 7 ETM sensor and the forest sites 
(especially dry and fresh forest sites) (Table 1). Reflectance values display variations 
according to level of moisture of the soil. In the fresh, moderate fresh and moisture soils, 
where moisture is high with increased soil water, the color tone gets darker and reflection 
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values become lower, yet in dry forest sites reflection values become higher (Figure 4). This 
condition is related to the structure of land type of soil. There was not enough moisture in 
forest sites. Thus, correlation between soil moisture and moisture forest sites was not 
determined. The moisture area show very low reflection values since they are colder than their 
surroundings. Giving that, there were not many differences in terms of degree of moisture 
among the forest sites in the study area. Therefore, the similar to reflections were observed in 
moderate fresh, fresh and moisture forest sites. On the other hand, the dry areas, having a lack 
of moisture, were observed with high reflection values. As a result, this study indicated that 
channel 5 of Landsat 7 ETM sensor has high correlation with ground data.  
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