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SUMMARY 

This study was aimed to show the ability of determining biomass 

availability and the dynamic status of grassland available for animal production 

using LANDSAT satellite images by integration of Remote Sensing techniques 

and Geographic Information Systems. For this purpose, The Landsat 5 TM 

satellite images taken in 2005 were used to determine the land use including 

grasslands within the range of red (0.45-0.52 µm), near infra-red (0.52-0.60 µm) 

and infra-red (0.63-0.69 µm) bands of images. 

The results obtained in this study showed that within the visible and 

infrared region selecting one or two bands used to create images and processing, 

land use types and grassland areas can be determined. Furthermore, the models 

can be developed to open up new dimensions not only to predict green yield 

available for animals on pasture but also to predict the green yield consumption 

by animals; and to describe the dynamics of a grazing system. 
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INTRODUCTION 

Total area of natural grassland in Turkey is 21.475 million hectars, 

accounting for 27.9% of total territory of Turkey. In general, the animal 

husbandry is carried out under extensive conditions and based on grasslands in 

the Eastern part of Turkey where Kars Province is located and 41.4% of the 

whole grassland area of the country is present (Tosun and Altın, 1981). Studies 

on pasture productivity of grazing and areas in Eastern Turkey and pasture 

animal loading balance are extremely important and urgent tasks.  
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In recent years, estimation of biomass production of pasture using remote-

sensing techniques is developing very fast. RS and GIS are being used 

increasingly as tools to assist in grassland resource inventory and integration of 

data and as a mechanism for analysis, modeling, and forecasting to support 

decision-making (Tueller, 1989). 

Remote Sensing is the acquisition of information concerning an object or 

phenomenon without physical contact, and has been recommended for at least 

30 years for assisting with grassland resources development and management 

on a worldwide basis (Tueller, 1989).  

Therefore, in this study, Landsat satellite imagery data were used to show 

the estimate of biomass availability and to determine the dynamic status of 

grassland available for animal production in the Eastern Turkey. 

 

 

MATERIAL AND METHODS 

Study site 

The study area is located in Kars Province, in Eastern Anatolian Region of 

the country, which stretches from 87°46'E to 88°44'E, and from 43°45'N to 

45°30'N (Fig. 1). Study area covered provincial boundaries of Kars. The area of 

Kars province is 918.117 ha. It lies between 260 000-390 000 km East, 4 420 

000- 4 530 000 km North according to UTM Geographic Coordinate System. 

Ardahan province is in the North; Agri in the South; Erzurum in the West and 

Armenia in the East. Figure 1 shows geographical location of the study area. 

Figure 1. Geographical location of the study area. 

 

Remote Sensing (data collection and processing) 

From 2005 to 2008, only 1 scene of TM data free of clouds in the study 

area was collected. The images were processed and analysed by ERDAS (Earth 

Resources Data Analysis System, made in USA) and ARC/INFO (geographic 
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information system software made in USA). The NOAA weather satellites 

provide remotely sensed data at a scale of 1:10,000,000 and pixels that are 

about 1.1 km on one side from AVHRR (Advanced Very High Resolution 

Radiometer). One advantage of this system is the capability of obtaining 

grassland yield data on a daily basis. A disadvantage is the low resolution. The 

grassland yield estimating system in Kars used green herbage biomass estimates 

from ground truth sites to calibrate the relationship between satellite-derived 

vegetation indices and green yields (Li Jianglong et al. 1995). The ground truth 

sites were selected to represent the whole area with three different altitudes 

(Fig. 2). Three sites were sampled in each community from 2005 to 2008. 

Biomass estimates for the three sites were obtained using a double sampling 

technique. Four measurements of grassland yields for each type were made in 

small plots (1 m
2
) fortnightly from 15 May to 1 October.  

 

Determination of Grassland 

First, satellite data was subjected to geographical correction. Geographical 

correction of satellite data was realised using ERDAS Imaging 9.0 software 

program, selecting UTM WGS 84 north-projecting region 38. zone with the 

maximum 30 m RMS error (ERDAS, 1999). The image of the area was 

produced selecting red (0.45-0.52 µm), near infrared (0.52-0.60 µm) and 

infrared (0.63-0.69 µm) bands according to the literature and  reflection 

histograms of the whole bands of the data taken on the July, 25th, 2005 by 

Landsat 5  satellite were created and the reflection curves were interpreted. In 

this image, the units showing different reflections were separated from each 

other by using   histogram equalisation process. As a result of interpretation of 

histograms and histogram equalisation process, 11 basic cover types were 

determined and satellite data were classified into 11 classes according to 

unsupervised-isodata method. 

The each of these classes was checked out in the study area. Each class was 

confirmed at least at 5 locations at different physiographs. Finally, water suface, 

forest cover, agricultural land, urban and 8 different grassland types with 

different development were determined. The grassland distribution of the study 

area was created by merging 8 different grassland types. 

 

Producing Grassland Maps  

At this stage of the study, the classified images as explained above were 

converted to tematic maps with appropriate scales. For this purpose, lands with 

10x10 pixel (300x300 m) size and less than 10 ha were included into the nearest 

neighbour by taking study detail and the final map with a 1:100,000 scale into 

acount. 
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RESULTS AND DISCUSSION 

The land use map of Kars province used as cartographic material and is 

shown in Figure 2. According to the calculations made by using this map, 

61.68% of Kars province is defined as grassland and 2.24% as pasture. Within 

the boundaries of the province, total area of forest is 4.12%. Land use and 

grassland-pasture area are given in Table 1.  

 
Table 1. Land use type in Kars Province  

Y
ea

r Land use types 

Lake Forest Grassland Agriculture Urban TOTAL 

Ha % Ha % Ha % Ha % Ha % Ha % 

1984 2682.7 0.28 41486.5 4.33 636477.1 66.44 277374.9 28.95 95.8 0.01 958117.0 100 
2005 3640.8 0.38 49534.6 5.17 543060.7 56.68 360252.1 37.60 1.628.8 0.17 958117.0 100 
Change 958.1 +0.1 8048.1 +0.84 93416.4 -9.76 82877.2 +8.65 1533.0 +0.16   

 
Classified satellite data (A) and the map produced from these data (B) are 

shown in Figure 2. According to the calculations made from these maps, total 

grassland and pasture area was 56.68%. However, total agricultural land was 

56.68%; total area of forest and shrubs was 5.17%; lake and water surface area 

was 0.38%; urban was 0.17% in this study area. 

 

    
Figure 2. Classified satellite data (A) and the map produced from these data (B) 

 
Maximizing rangeland production while preventing land degradation is a 

challenging task for range managers for many reasons, among which are: 1) 

rangelands are vast, and spatial information is difficult to obtain in a timely 

manner; 2) variable annual weather patterns make the prediction of vegetation 

production difficult; and 3) traditional field surveys of rangeland condition and 

production are labor intensive, time consuming, and expensive (Pickup et al., 

1994; Reeves et al., 2001; Tueller, 2001). 

Monitoring of grass and forage growth with reliable precision by RS 

technology has been shown to be feasible (Fan Jingzhao et al. 1990; Huang 

Jingfeng et al. 1993; Li Bo et al. 1993), but it is not known whether RS can be 
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used for estimation and prediction of grassland yield on a large scale because of 

the low spatial resolution of meteorological satellite data and local environment. 

 

 

CONCLUSIONS 

The vegetation has been classified by grassland inventory and Landsat 

Thematic Mapper (TM) information. The main types of grassland available and 

most suitable classified as best type for animal grazing starts from West, going 

up to North and to the East part of the study site. As grassland occupies most of 

agricultural land area in Kars, knowledge of dynamic change and accurate 

measurement of the green yield of grassland are important for maintaining 

forage-animal production balances, and developing pastoralism. 

Although about 15-20% of the area composed of steep and highlands in the 

South and the East of the province were defined as grassland in this map, there 

is still weak vegetation cover. These areas are not defined as grasslands 

according to latest statistical data but as non-utilized areas (Anonymous, 2002). 

The results obtained in this study showed that within the visible and 

infrared region selecting one or two bands used to create images and processing, 

land use types and grassland areas can be determined. Furthermore, the models 

can be developed to open up new dimensions not only to predict green yield 

available for animals on pasture but also to predict the green yield consumption 

by animals; and to describe the dynamics of a grazing system. 
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