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Abstract. Land degradation is a broad concept because it has various definitions and types. 

Land degradation, defined as “the temporary or permanent lowering of the productive capacity of 

land as a result of human activities”. Remote sensing is a powerful tool of monitoring of land 

degradation. It has various advantages comparing to traditional field measurements: its cheap, fast, 

large scale and easy applicable. Normalized difference vegetation index is mostly widely used VI of 

assessing vegetation cover.  For this research 6 Landsat satellite images were downloaded from 

usgs.com  starting year 2009 and ending 2016. Results showed that there is a significant land cover 

change in Bruchmullo forestry during these years. According to RS analysis, the total cover of 

glaciers reduced from 75000 hectares to 50000 hectares, while the forest area (high-density 

vegetation) almost doubled- from 25000 hectares to 50000 hectares.  
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Аннотация. Деградация земли считается большим понятием.  Оно имеет несколько 

определений. Деградация земли означает временное или постоянное уменьшение 

продуктивности земли как результат человеческой деятельности. Дистанционное 

зондирование –это мощное средство для мониторинга деградации земли.  Оно имеет 

несколько превосходств по сравнению с традиционными наземными исследованиями: оно 

дешевое, быстрое и легко применимое. NDVI –это самое распространённый и широко 

применяемый индекс для определения деградации земли.  Для определения деградации 6 

Landsat снимков были скачаны с сайта usgs.com начиная с 2009 кончая 2016. Результаты 

показали, что есть значительные изменения покрытия земли в течении этих лет. Согласно 

данным ДЗЗ, ледниковое покрытие уменьшилось с 75000 до 50000 гектар, а покрытие лесов 

увеличилось вдвое. 

Ключевые слова: деградация земли, изменение поверхности земли, изменение 

климата, опустынивание 

 

 

Introduction. Land degradation is a broad concept because it has various definitions and 

types. Land degradation, defined as “the temporary or permanent lowering of the productive 

capacity of land as a result of human activities” (UNEP, 1992), has been recognized as a global 

problem. Another definition by FAO is “degraded land  is land which due to natural processes or 

human activity is not able to sustain properly an economic function and/or the original ecological 

function(ISO,1996)”. At the UN Conference on Sustainable Development political leaders agreed, 

that land degradation, desertification and droughts are major problems, that deadlocks sustainable 

development and impose to stability of regions (Reeves, 2016). Land degradation starts with some 

characteristics and develops into measurable features. Therefore, land degradation is hardly to 

recognize at early stages. Many attempts are undertaken to mitigate or overcome land degradation, 

however many of them are failed (Omuto et al., 2011). These obstacles explain why degradation is 

became a global challenge.  

RS is a powerful tool for estimating aboveground biomass.  The advantage of remote 

sensing over fieldwork is that it is not time consuming and financially cheaper.  RS can be used 

both in small and large areas of grazing land for monitoring and assessment.  Various studies show 

that RS has high correlation with actual field measurements.  Moreover, most satellite RS images 

have revisit time not more than two weeks and some of them use hyperspectral sensors to gather 

information from land surface. 

By Ghorbani et al. (2012) remote sensing has evolved into a powerful tool in climatic and 

environmental monitoring and researches, both in local and global scale. Moreover, it can be 

empirically related to field measurements. Additional advantages of remote sensing is that it can be 

calibrated, repeated and cost-effective (Ghorbani et al, 2012).  

The application of remote sensing via rangeland monitoring and assessment of biomass is 

very long and starts from the launch of first satellites (Reeves et al, 2016). Though the remote 

sensing is widely applied in rangeland monitoring during many decades, there is a still mismatch 

between the information the rangeland experts need and the information the remote sensing images 

provide. Satellite images can provide the information on a large scale about the leaf area index, 

water conditions and chlorophyll, while rangeland managers require foremost the information about 

the successional status of the species presence (Hunt et al., 2003). However, the situation is 

changing in recent years.  
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The major goal and advantage of remote sensing monitoring of rangelands is observation of 

vegetation conditions over a large area and within long period. In this case remote sensing can be 

applied for both regional and global scales. It can be useful for assessing above ground biomass of 

pastures or for monitoring general conditions of vegetation cover of world rangelands for predicting 

of climate change. Reeves et al. (2016) asserts that remote sensing approach is truly objective, 

critical and synoptic for assessing changes in our environment: terrestrial, aquatic, oceanic and 

atmospheric.  

Hunt el al. (2003) mentions several examples when hyperspectral remote sensing is applied 

in identifying noxious plant species on rangelands. He states that the best approach for identifying 

noxious species is aerial photography during the specific phenological phase (flowering). For 

example, in one research conducted in Texas rangelands, demonstrated the use of SPOT satellite in 

detecting the false stands of broom weed (Hunt et al.,2003). In another research accomplished by 

Williams and Hunt (2002) illustrated that AVIRIS satellite images with conjunction of other 

analysis tools for hyper spectral images can map the cover of leafy spurge on a research area(Hunt 

et al.,2003).  

The goal of this research is to estimate land cover change of Bruchmullo sub-forestry area 

from 2009 to 2016 using Normalized Difference Vegetation Index. 

Methodology. For remote sensing analysis, 6 Landsat images (path 153/row 31) were 

downloaded from usgs.com. Though the last inventory of Bruchmullo pastures were conducted in 

2008. However, there was no high quality image for period May-June for the study area, 

consequently image analysis starts from 2009. For remote sensing analysis, next satellite data’s 

were used: 

Table 1. Landsat images 

Year Day Sensor 

2008 No high 

quality data 

Landsat 5 

2009 4
th

 of June Landsat 5 

2010 7
th

 of June Landsat 5 

2013 14
th

 of May Landsat 8 

2014 17
th

 of May Landsat 8 

2015 20
th

 of May Landsat 8 

2016 22th of May Landsat 8 

 

For analysis of remote sensing images Normalized Difference Vegetation Index(NDVI) was 

chose. The formula for NDVI is the following: 

NDVI= (NIR-RED)/(NIR+RED) 

Results. In order to research the vegetation and biomass cover of surface three vegetation 

indices were applied in Erdas Imagine: NDVI(simple intrinsic index), SAVI(soil adjusted index), 

MSAVI(modified SAVI).the purpose of estimating these three indices was to test various types of 
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models to find out which type shows more correct  results and better correlation with cadaster data. 

ARVI index (Atmospherically Resistance VI) was also planned to apply during this research, 

however due to few researches using this index and no value relationship with NDVI it was decided 

to no to use ARVI. Data-action model for remote sensing and GIS-analysis are shown in data action 

model below: 

 
 

 
  

Using several literature sources that made a research combining field work and remote 

sensing data analysis with these VI (Masselink,2016; Huete, 1989; Qi et al,1994 ;Bratkov and 

Ataev,2017; gis-lab.ru) following classification values for NDVI and their equivalent values for 

SAVI and MSAVI were used(Table 4): 

Table 2. VI classification values 

Download satellite 
images 

Stack layers in the 
model maker 

Rescale to unsigned 8-
bit 

Atmospheric correction 

Cut image for study 
area 

Apply NDVI and make 
classification 

Map presentation and 
legend 

Reclassify and calculate 
area of classess 



48 
 

Land 

cover 

NDVI  

Water or 

glaciers 

-#-0 

Bare soil 0-0,3 

Light 

pastures 

0,3-0,4 

Heavy 

pastures 

0,4-0,55 

Forests >0,55 

For NDVI index following results for years 2009, 2010, 2013, 2014,2015,2016: 

 
Figure 3. NDVI land cover classification 2009-2016 

Using Reclassify tool in ArcGIS total area of all classes for each year were calculated in 

hectares. The land cover tend is shown in Diagram 1: 
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Diagram 1. NDVI classification of land cover 

CONCLUSION 

According to this diagram, it is clearly that water or glaciers cover almost twice reduced 

within 8 years: from 75000 hectares in 2009 to 45000 hectares in 2016. The bare soil cover have 

fluctuations during this period: from 2009 to 2014 it sharply increases from 50000 hectares to more 

than 120000 hectares in 2015. Afterwards, begins to sharply reduce to the same level as in 2009. 

This can be due to fluctuations in precipitation and temperature change within these years.  

While the area covered by light and heavy pastures stays stable during these years, the 

forestlands have fluctuations: from 2010 to 2013, it significantly reduces to almost zero levels, 

afterwards starting 2015 it again to increase and reaches 40000 hectares in 2016.  

The NDVI can be a good indicator for land cover classification and land management and 

monitoring. Frequent remote sensing monitoring  can help to prevent, mitigate or overcome land 

degradation for land managers. Though, for verification of satellite data field measurements are 

necessary.  
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