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Abstract 
A key step in natural resource management is the delineation of land units that are similar 
relative to type, structure, and productivity of vegetation in a given area. This is accomplished 
by land classification system on the basis of satellite images with appropriate specifications 
that serves as an essential database for forest management planning. Managing forests on an 
ecosystem basis relies upon accurate estimation of forest land classification that responds in a 
similar manner to management practices. The integration of remotely sensed data into a GIS 
offers a wide variety of new perspectives and possibilities for the analysis, evaluation and 
interpretation of such data, in combination with auxiliary digital information maps.The aim of 
this study is to compare accuracy of classified data with land use maps reclassified from the 
stand type maps. Two forest planning areas, Artvin and Bulanıkdere Forest Planning Unit 
(FPU) in Turkey, were selected as case study areas. Two land use maps were produced using 
Landsat ETM+ (2000) data and reclassified the stand type maps. The results suggest that 
accuracies of classified Landsat ETM+ for Artvin and Bulanıkdere FPU are 82.14 and 
88.75%, respectively. Later, classified Landsat ETM+ data were converted to vector database. 
Landsat ETM+ data and reclassified stand type maps were overlaid the appropriate spatial 
analysis carried out using GIS. As a result of spatial analysis, accuracy of vectorized Landsat 
ETM+ data is around 5-10 %, lower than classified Landsat ETM+ data. In addition, 
according to land use map derived from stand type map, accuracy of land use map derived 
from Landsat ETM+ data is 64.2% in Bulanıkdere FPU and 44.2% Artvin FPU. These 
differences are resulted from slope and vegetation homogeneity of case study areas, and 
geometric accuracy.  
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1 Introduction 
Vegetation data is available at spatial resolutions of 100s of meters. This may be inadequate 
for detailed studies in small basin areas. Additional higher spatial resolution data sets are 
available from commercial satellite sensors such as SPOT, IKONOS and QuickBird. Land use 
mapping in forest areas with the accuracy requested nowadays by the users requires dealing 
with high or very high spatial resolution satellite images. The cost and the acquisition 
problems of these sensors at the moment allow usually working on single date. Therefore, co-
registration problems are usually not considered at this stage and the pre-processing steps are 
devoted to remove image artifacts, distortions due to the viewing geometry of the sensors, and 
atmospheric effects cool for collecting, processing and analyzing of spatial information 
(Longley, et al, 2001; Yomralıoğlu, 2002).  

Remote Sensing (RS) has an important role in providing most up-to-date data quickly to GIS, 
especially for determining land cover/land use types (Maxwell, et al., 2003; Howard and 
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Wickware, 1981; Jensen and Toll, 1982). RS is accepted as an effective way to acquire the 
data for agricultural products with accurate and time related manner in wide areas. Especially, 
Landsat Thematic Mapper (TM) with 30 resolution has been used successfully for classifying 
different land use type/cover since 1970 (Lobell, et al., 2003; Rao and Pant, 2001; Luque, 
2000; Turner et al., 2003).  

Since satellite images have properties of high resolution and multispectral features, they are 
originally used in the military and environmental problems. Nowadays, they have been widely 
used in many other fields such as general map production, agriculture, forestry, national land 
management, city or urban planning. Possibility of periodic data acquisition of satellite image 
and diverse satellite images between hyperspectral and high resolution satellite image make 
the satellite images important resources to record the national land. 

The objective of this study is to compare accuracy of classified data with land use maps 
reclassified from the stand type maps. Moreover, the effects of topographic factors, stand type 
and tree species on classification of Landsat image were also investigated in classified Landsat 
ETM+ images. Two forest planning areas, Artvin and Bulanıkdere in Turkey, were selected as 
case study areas due to their different topographic and demographic conditions. Two land use 
maps were produced using Landsat ETM+ (2000) data and reclassified the stand type maps. 
Both of them were compared to each other in terms of accuracy of classified Landsat ETM+ 
(2000). 

2 Study Areas 
The first study area is the Artvin FPU surrounding the city of Artvin and characterized by a 
dominantly steep and rough terrain conditionswith an average slope of  61% and an altitude 
from 400 to 2220 m above sea level (Figure 1 a). It extends along UTM ED 50 datum 37. zone 
731000-743000 E and 4556000-4570000 N on the Northeastern Black Sea Region of Turkey. 
The total area is about 5221.0 ha. The vegetation is forest and the dominant tree species of the 
vegetation are Picea orientalis (L.) Link, Pinus sylvestris L., Abies nordmanniana (Stev.) 
Spach subsp. nordmanniana, Fagus orientalis Lipsky, Quercus petraea (Maattuschka) Liebl. 
subsp. iberica (Steven ex Bieb.) Krassiln., Carpinus betulus L., Ostrya carpinifolia Scop., and 
Pinus pinea L. whose community is locally distributed in the study area as a Mediterranean 
enclave (Varol et al., 2003). Mean annual temperature of the study area is 11.9 0C, and mean 
annual precipitation is 719.7 mm. Main soil types are sandy clay loam, clay loam and sandy 
loam.  

The other study area fully covers the Bulanıkdere FPU, characterized by a flat terrain with an 
average slope of 12% and an altitude from 0 to 380 m. above sea level (Figure 1 b). It extends 
along UTM ED 50 datum, zone 35, 570000-585000 E and 4626000-4642000 N on the 
Northwestern Black Sea Region of Turkey. Out of 8506.34 ha total area, 7430.60 ha is forested 
and the rest non-forested. Winters are mild and wet, summers are relatively cool and dry. 
Mean annual temperature of the study area is 8-150C, and mean annual precipitation is 962 
mm. Main soil types are sandy clay loam, clay loam and sandy loam (Stojchev et al., 1998). 
The sand dunes, sea water, lagoons (lakes), swamp, forest and riparian ecosystems are the 
major ecosystems of Bulanıkdere. The best example of ash-oak-black or common alder forest 
community types in Turkey, also dominating forest species in the Bulanıkdere lagoons, can be 
found here. In moist areas, black or common alder (Alnus glutinosa subsp. barbata) and ash 
(Fraxinus angustifolia subsp. oxycarpa) dominate while Quercus robur and other oak species 
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(such as, Q. frainetto, Q. cerris var. cerris, Q. hartwissiana and Q. paetraea subsp. petraea) are 
the major tree species in relatively dry areas (Başkent et al., 2004). 

 

(a) (b) 

Figure 1 Maps of the study areas a) Artvin FPU b) Bulanıkdere FPU. 

3 Image Processing and Classification 
The main data used in the research included a Landsat ETM satellite image from 2000 and 
stand type map. Landsat ETM+ images were provided by the General Directorate of 
Photogrametry, Turkey and stand type maps were obtained from forest management plan. The 
Landsat images were interpreted with ERDAS image analysis software. The possibility of 
discriminating various land features by digital analysis of satellite data depends upon various 
factors and methods used in classification. We used supervised maximum likelihood 
classification method for the classification of all the images. Maximum likelihood classifier 
assigns a pixel to a particular class based upon the covariance information and a substantially 
superior performance is expected from this method compared to other approaches (Richards, 
1994). During the classification process each of the following algorithms were tested: 
Maximum Likelihood with several thresholds. It was seen that the Standard Maximum 
Likelihood Method provides the best result with multi-spectral bands (123457) when the 
supervised approach is used. We gathered ground reference data from more than 25 ground 
truthing points. The points were sampled on the cover type maps of Artvin and Bulanıkdere 
FPU that are drafted from Ariel Photography (2003) and finalized from ground measurements 
by the State Forest Management Teams. In order to classify cover types from the images, 
signatures were taken from the ground corrected stand type maps. 

Subsets of satellite images were rectified using 1:25 000 scale topographical maps with UTM 
projection (ED 50 datum) using first order nearest neighborhood rules. A total of 25 ground 
points were used to register the ETM image subset with the rectification error of less than 1 
pixel. The TM images, however, were registered to the already registered ETM images 
through image-to-image registration technique with rectification errors of less than 0.5 pixel.  

For producing land use maps, the following land use classes were considered in image 
classification. While Artvin FPU consists of seven land use classes including water, open area, 
conifer forest, reforestation, broadleaf forest, degraded forest and mixed forest, Bulanıkdere 
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forest planning unit consists of eight land use classes including water, open area, conifer forest, 
hornbeam-oak forest, oak forest, ash forest, swamp and poplar areas. To analyze this 
classification, the overall accuracy percentage, user’s and producer’s accuracy and the Kappa 
Coefficient that provide the statistical evaluation of these accuracy values were calculated. The 
overall accuracy of this classification in Artvin FPU was 82.14% and the Kappa Coefficient 
was 0.791. The accuracy of the classification in Bulanıkdere FPU was 88.75% and the Kappa 
Coefficient was 0.873. Tables 1 and 2 show the supervised accuracy results. 

Table1 Landsat TM (2000) of Artvin FPU supervised classification confusion matrix. 

Class Name 1 2 3 4 5 6 7 #  
Correct 

Users 
Accuracy % 

1 Water 20    20 100
2 Open Area  20      20 100 
3 Conifer Forest  1 17    2 17 85 
4 Reforestration  1  19    19 95 
5 Broadleaf Forest     20   20 100 
6 Degraded Forest  2  4 1 9 4 9 45 
7 Mixed Forest  2 4  2 2 10 10 50 
Reference Total 20 26 21 23 23 11 16
Producers  
Accuracy % 

100 77 81 83 87 82 63   

 

Table2 Landsat TM (2000) of Bulanıkdere FPU supervised classification confusion matrix. 

Class Name 1 2 3 4 5 6 7 8 # 
Correct 

Users  
Accuracy % 

1 Water 20    20 100
2 Open Area  19   1    19 95 
3 Conifer Forest  1 17  2    17 85 
4 Hornbeam&Oak   1 16 3    16 80 
5 Oak Forest     20    20 100 
6 Ash Forest  2  2 2 14   14 70 
7 Swamp Area  1     19  19 95 
8 Poplar Area   2   1  17 17 85 
Reference Total 20 23 20 18 28 15 19 17
Producers 100 83 85 89 72 93 100 100   

 

After classified Landsat ETM + images, the forest stand type maps used in this research were 
scanned, saved in tiff format and then registered to the digital topographic maps in the same 
manner as to the ETM image. Rectified forest stand type maps were digitized with a 1/4000 to 
1/5000 screen view scale with Arc/Info 8.3TM GIS by a number of qualified GIS educated 
foresters. This allowed direct comparison of features between the images and aerial 
photographs during the selection of sample plots for use in image classification and accuracy 
assessment of classified images. Stand type maps were reclassified to produce land use map.  
The land use maps, obtained from classification of satellite data and stand type maps, were 
overlaid in ArcGIS. The area converted from one class to other was computed and compared 
with the accuracy of classified data. 
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4 Results and Discussions 
Landsat TM image (2000) of Artvin FPU was classified for 7 land classes successfully (Table 
1). Water, open areas and broadleaf forests were classified with a high user’s accuracy (100%). 
However, degraded forest and mixed forest areas were classified with a lower user’s accuracy, 
45% and 50% respectively. This is generally acceptable as to the overall classification 
accuracy, yet the image was not classified at a species level. Landsat TM image (2000) of 
Bulanıkdere FPU was classified into 8 land classes with a generally acceptable classification 
due to a higher overall classification accuracy (Table 2). Oak forest and water areas were 
classified with a high user’s accuracy (100%) and also at tree species level. Poplar areas were 
classified with the lowest user’s accuracy (85%). Bulanıkdere FPU image was classified more 
accurately and successfully than Artvin FPU images. 

Land use classes were mapped (Figures 1 and 2) and analyzed (Tables 3 and 4) using both 
forest cover type or stand maps and classified Landsat images. According to the classified 
Landsat ETM + image and stand type map for Artvin, while broadleaf forest was 678 ha in 
land use map obtained from stand type map, it was 1558 ha in land use map obtained from 
classified image. That is to say broadleaf forest was determined 880 ha higher than expected. 
However, degraded forest was 1138 ha in stand type map while it was 337 ha in classified 
image. In other words, degraded forest was determined 800 ha lower than expected. Two ha 
difference between stand type map and classified image was determined to be water areas. In 
Bulanıkdere, while Hornbeam and Oak forest was 1257 ha in land use map obtained from 
stand type map, it was 2042 ha in land use map obtained from classified image. In other words, 
Hornbeam and Oak forest were determined 785 ha higher than expected. However, Oak forest 
was 5134 ha in stand type map while it was 4348 ha in classified image. That is to say, Oak 
forest was determined 786 ha lower than expected. 23 ha difference between stand type map 
and classified image was determined to be water areas like Artvin FPU. 

Table 3 Areas of land use classes obtained from classified Landsat ETM + and stand type map of Artvin. 

Area (ha) 
Class Name 

Landsat  Stand Type Map 
Reforestration 86.26 132.01
Broadleaf forest 1558.96  678.12 
Conifer forest 857.69  1200.23 
Degraded forest 337.60  1138.02 
Mixed forest 1251.18  904.08 
Open area 1066.26  1107.75 
Water  63.05  60.79 
Total  5221.0 5221.0

 

Table 4 Areas of land use classes obtained from classified Landsat ETM + and stand type map in 
Bulanıkdere. 

Area (ha) 
Class Name 

Landsat  Stand Type Map 
Ash area 514.45 624.81
Hornbeam&Oak forest 2042.58  1257.56 
Oak forest 4348.01  5134.51 
Conifer forest 163.22  240.25 
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Open area 1106.51  809.81 
Swamp 123.71  350.35 
Poplar area 143.98  1.64 
Water  64.08  87.61 
Total area 8506.60 8506.60

 

 
Figure 1 Land use map obtained from classified image and stand type map of Artvin FPU. 

 
Figure 2 Land use map obtained from classified image and stand type map of Bulanıkdere FPU. 
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Comparison of the dynamic change of each land use classes from classified Landsat ETM+ 
image to stand type map was further analysed by means of the transition from one land use to 
other land use in addition to the rates of change for each FPU. Tables 5 and 6 show the 
transition matrix of land use classes. A broad level analysis in Artvin FPU showed 
reforestation areas in classified image that were 86 ha while reforestation areas in stand type 
map were 66 ha. In other words, reforestation areas were determined with an accuracy of 78% 
in classified Landsat ETM+ image. However, broadleaf forests in classified image were 1559 
ha while broadleaf forests in stand type map were 463 ha. In other words, broadleaf forests 
were determined with an accuracy of 30% in classified Landsat ETM+ image and this is the 
lowest accuracy for classification. Evaluated for Artvin FPU, the accuracy of land use map 
derived from Landsat ETM+ data is 64.2%.  

Table 5 The transition matrix of land use change between classified Landsat ETM+ image and stand type 
map of Artvin. 

Landsat ETM Stand Type Map Area (ha) 

Reforestation 66.84
Broadleaf forest 0.02 
Conifer forest 1.81 
Degraded forest 5.44 
Mixed forest 8.55 

Reforestation 

Open areas 3.59 
Reforestation 8.19
Broadleaf forest 463.19 
Conifer forest 189.22 
Degraded forest 501.47 
Mixed forest 195.37 
Open areas 201.36 

Broadleaf forest 

Water  0.16 
Reforestation 1.92
Broadleaf forest 16.96 
Conifer forest 513.06 
Degraded forest 108.17 
Mixed forest 167.44 
Open areas 50.08 

Conifer forest 

Water  0.07 
Reforestation 28.10
Broadleaf forest 42.44 
Conifer forest 14.48 
Degraded forest 134.10 
Mixed forest 69.66 

Degraded forest 

Open areas 48.82 
Reforestation 16.29
Broadleaf forest 132.53
Conifer forest 416.31

Mixed forest 

Degraded forest 175.72
Mixed forest 413.67Mixed forest 
Open areas 96,57 
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 Water  0.08 
Reforestation 10.66
Broadleaf forest 22.97 
Conifer forest 65.15 
Degraded forest 210.21 
Mixed forest 49.39 
Open areas 682.32 

Open areas 

Water  25.56 
Conifer forest 0.21
Degraded forest 2.91
Open areas 25.01

Water 

Water 34.92
Total (ha) 5221.00 

 

Table 6 The transition matrix of land use change between classified Landsat ETM+ image and stand type 
map of Bulanıkdere. 

Landsat ETM Stand Type Map Area (ha) 

Hornbeam&Oak 90.80
Ash forest 321.93 
Conifer forest 2.78 
Oak forest 36.39 
Open areas 62.40 
Swamp areas 0.12 

Ash forest 

Water  0.03 
Hornbeam&Oak 641.92
Ash forest 159.87 
Conifer forest 5.23 
Oak forest 1211.12 
Open areas 19.26 
Poplar areas 0.18 
Swamp areas 4.13 

Hornbeam&Oak forest 

Water  0.88 
Hornbeam&Oak 26.54
Ash forest 18.65
Conifer forest 33.15

Poplar Area 

Oak forest 16.83
Poplar Area 42.66
Swamp areas 5.09  
Water  1.06 
Hornbeam&Oak 433.74
Ash forest 94.26
Conifer forest 25.15
Oak forest 3616.39
Open areas 132.53
Poplar areas 1.46
Swamp areas 39.86

Oak 

Water 4.62
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Hornbeam&Oak 1.22
Conifer forest 1.92 
Oak forest 8.56 
Open areas 0.08 
Swamp areas 101.65 

Swamp 

Water areas 10.27 
Hornbeam&Oak 0.79
Ash forest 0.43 
Conifer forest 136.37 
Oak forest 16.56 
Open areas 2.20 
Swamp areas 1.65 

Conifer forest 

Water  5.23 
Hornbeam&Oak 62.08
Ash forest 28.34 
Conifer forest 35.65 
Oak forest 225.32 
Open areas 550.65 
Swamp areas 188.35 

Open areas 

Water  16.11 
Hornbeam&Oak 0.48
Ash forest 1.31 
Oak forest 3.35 
Open areas 0.02 
Swamp areas 9.50 

Water 

Water  49.48 
Total 8506.60 

 

Classification accuracy in Artvin FPU is low for broadleaf forest and mixed forest (30%, 33% 
respectively) due to higher slope of 61%, vegetation homogeneity, mixed broadleaf tree 
species and low resolution of Landsat ETM+. In Bulanıkdere FPU, conifer forests in classified 
image were 163 ha while conifer forests in stand type map were 136 ha. In other words, 
conifer forests were determined with an accuracy of 84% in classified Landsat ETM+ image. 
However, poplar areas in classified image were 144 ha while in stand type map were 43 ha. In 
other words, poplar areas were determined with an accuracy of 30% in classified Landsat 
ETM+ image that was a low accuracy for classification. Accuracy of land use map derived 
from Landsat ETM+ data was 44.2%. Accuracy of land use map in Bulanıkdere FPU was 
higher than that in Artvin FPU. This was due to the fact that Bulanıkdere FPU was 
characterized by a flat terrain with an average slope of 12%, but Artvin FPU was characterized 
by dominantly steep and rough terrain conditions with an average slope of % 61. As already 
known, slope is one of the most important factors for accuracy of classification.  Other reason 
is the homogeneity of the vegetation. In Artvin FPU, there are broadleaf tree species such as 
Fagus, Quercus, Carpinus, Ostrya, Alnus. It is then difficult to identify and classify clearly the 
broadleaf tree species using Landsat ETM+. However, in Artvin FPU, there are only three 
broadleaf tree species such as Fraxinus, Quercus, Populus that could be classified easily using 
Landsat ETM+.  



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

652 

In conclusion, the spatial and spectral resolution of Landsat imagery provide a means for 
mapping and monitoring land use/land cover at a landscape level. However, they do not 
provide mapping and monitoring minor vegetation community and land cover type/stand type 
at stand level due to low resolution. Thus, high resolution satellite imagery should be used 
either alone or with field survey data.  
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