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Abstract: In mountain regions such as Lake Sevan basin, landscape-ecological problems are manifested sharply. Lake Sevan basin 
lies in the east of the RA (Republic of Armenia) and is characterized by unique natural and economic peculiarities. It covers an area 
of 4,891 km2, or 16% of the entire territory of the country. The article considers the dynamics of the ecosystems of Lake Sevan basin 
through remote sensing data. To achieve the stated goal, multi-zonal satellite images Landsat ETM (Enhanced Thematic Mapper 
Plus), Landsat TM (Thematic Mapper) and Landsat MSS (Multispectral Scanner) were applied. All satellite imagery data was 
geometrically and atmospherically corrected. Temporal changes were determined using both a supervised classification approach and 
NDVI (normalized difference vegetation index) in that time series. Supervised procedure, a hierarchical land cover classification 
system was used to detect the different land cover classes in the Lake Sevan basin, Armenia. According to this system, four land 
cover categories exist in this area: (1) water; (2) vegetation-bare; (3) man-altered land; (4) vegetated land, which indicate that for the 
last 40 years the study area has displayed expansion of man-made landscapes and vegetation-bare sites, ecosystems having lower 
biomass and reduction of woodlands. NDVI values and the area they covered indicate that between 1973 and 2011, the area of almost 
non-vegetated lands increased approximately by three times. The main cause of such changes is activation of erosion processes as a 
result of a climate warming. 
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1. Introduction 

The objectives of ecological monitoring of 

environmental compartments include observation of 

the state of soil and vegetation cover on 

natural-territorial complexes. It should be noted 

however that the state of observation objects has been 

continuously changing, and the changes are of 

complex character and depend on spatial and temporal 

parameters. Application of RSD (remote sensing data) 

that encompass vast areas and reflect natural 

interrelations, allows exclusion of random or 

short-term changes, focusing thus on the processes of 
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transformation of ecological state of the ecosystem 

under observation [1-3].  

Landsat satellite data is the most widely used data 

type for land cover mapping and has provided earth 

observation data to meet a wide range of information 

needs since 1972 [4]. Change detection can be 

performed by supervised or unsupervised approaches 

[5]. A supervised technique requires ground truth 

points to derive training sets containing information 

about the spectral signatures of the changes that occur 

in the considered area between two dates. Vegetation 

index differencing is often regarded as an effective 

method to enhance the difference among spectral 

features [6]. The NDVI (normalized difference 

vegetation index) is often used to monitor vegetation 

dynamics [7, 8]. The NDVI can be used as a general 
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indicator of vegetation cover and vigor, however, in a 

single NDVI image; barren fields are 

indistinguishable from temporarily fallow, yet healthy 

fields. Moreover, immature crops with low density 

cover could be confused with poor crops. 

In mountain regions such as Lake Sevan basin (Fig. 1), 

landscape-ecological problems are manifested sharply. 

Lake Sevan basin covers 16% (or 4,891 km2) of 

Armenia’s territory, and it has a number of unique 

natural and economic specificities. The diversity of 

natural conditions of the region and high sensibility of 

natural-territorial complexes to man-made impacts are 

seen in inappropriateness and instability of their 

ecological state. The present-day ecological situation 

in the region results from the dynamics of landscapes 

predetermined by natural and man-induced processes. 

The chief problem of Lake Sevan, the largest body of 

fresh water in Armenia, was the sharp reduction of the 

water level, which began to lower in 1950 because of 

the excessive water drainage for energy needs and 

irrigation purposes. The lowering of the water level in 

the lake led to the disappearance of many fish species, 

swamping of near-shore areas with a real prospect of 

an environmental disaster. In the 1980s, the drainage 

of water was considerably reduced and a 48 km tunnel 

Arpa-Sevan was built to redirect some water from the 

river Arpa into Lake Sevan. Nevertheless, the current 

level of water in the lake is lower than its original one 

by 11 m (the original level of the lake was 2,000 m 

above sea.)  

2. Material and Methods  

Landsat 4, 5 and 7 satellites that maintain near polar, 

sun-synchronous orbit were used for this research. The 
 

 
Fig. 1  General location of the Lake Sevan basin, Armenia.  

Lake Sevan Basin 
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orbit altitude is 705 km and provides a 16-day, 

233-orbit’s cycle. The swath width is 185 km and the 

image size is 185-170 km. Landsat four and five carry 

TM (thematic mapper) and MSS (multispectral 

scanner) sensors. The MSS was the principal sensor 

on Landsat 1, 2 and 3. The instantaneous field of view 

of the MSS on Landsat 4 and 5 have been modified to 

81.5 m and 82.5 m, respectively, although, the pixel 

center spacing of 56 m has been retained. Additionally, 

bands have been renamed: bands 1, 2, 3 and 4 

correspond to bands 4, 5, 6 and 7 from earlier 

missions. Landsat TM data has 30 m resolution in six 

spectral bands ranging from blue to middle infrared 

and 120 m resolution in one thermal-infrared band [9]. 

Landsat 7 was launched in April, 1999, carrying the 

previous TM sensors with the new ETM+ (Enhanced 

Thematic Mapper Plus) instrument. The latter sensor 

is similar to TM, but has an additional grayscale 

(panchromatic) band which collects imagery at 15 m 

resolution, and also a thermal-infrared band with 

resolution improved to 60 m. Despite the SLC (scan 

line corrector) failure, the USGS (United States 

Geological Survey’s) maintains delivery of data from 

Landsat 7 [10]. Five Landsat 4, 5 and 7 images were 

selected to support the time series analysis in this 

research (Table. 1). The Landsat 7 ETM+ experienced 

a failure of its SLC on May 31, 2003 and is now 

permanently disabled. Beginning in May, 2004, USGS 

began providing the first in a series of data products to 

help make the SLC-off data more usable. SLC-off 

data are composited products based on two or more 

SLC-off scenes acquired within a short period of time, 

within or during a month [9]. Filling the scan gap first 

requires precise knowledge of what pixels are valid in 

an image and which are to be filled. The gap filling 

was achieved using a spatial modular for both ETM+ 

2008 and ETM+ 2011 images, using a TM on July 14, 

2006 image and a TM on June 26, 2011 image, 

respectively. 

All satellite imagery data was geometrically 

corrected to the projection: UTM (universal transverse 

mercator) zone 38. Radiation from the Earth’s surface  
 

Table 1  Satellite image information for data acquisitions corresponding to path 169/row 32. 

Imagery date  Spatial resolution  Satellite/sensor  No. of bands  Format  

June 18, 1976 60 m  Landsat-5 (MSS)  4  GeoTIFF  

June 24, 1987 30 m  Landsat-4 (TM)  7  GeoTIFF  

June 06, 2001 30 m  Landsat-7 (ETM+)  7  GeoTIFF 

June 11, 2010 30 m  Landsat-7 (ETM+) 7  GeoTIFF  

June 26, 2011 30 m  Landsat-4 (TM) 7  GeoTIFF  

July 13, 1973 60 m Landsat-5 (MSS) 7 GeoTIFF  

July 14, 1978 60 m Landsat-5 (MSS) 4 GeoTIFF  

July 07, 1986 30 m Landsat-4 (TM) 7 GeoTIFF  

July 23, 1989 60 m Landsat-5 (MSS) 4 GeoTIFF  

July 03, 1999 30 m Landsat-7 (ETM+) 7 GeoTIFF  

July 29, 2000 30 m Landsat-4 (TM) 7 GeoTIFF  

July 14, 2006 30 m Landsat-4 (TM) 7 GeoTIFF  

July 27, 2008 30 m Landsat-7 (ETM+) 7 GeoTIFF  

July 09,2010 30 m Landsat-4 (TM) 7 GeoTIFF  

July 04, 2011 30 m Landsat-7 (ETM+) 7 GeoTIFF  

July 28, 2011 30 m Landsat-4 (TM) 7 GeoTIFF  

August 25, 1977 30 m Landsat-5 (MSS) 4 GeoTIFF  

August 31, 1989 30 m Landsat-4 (TM) 7 GeoTIFF  

August 13, 2000 30 m Landsat-7 (ETM+) 7 GeoTIFF  

August28 ,2006 30 m Landsat-7 (ETM+) 7 GeoTIFF  

Geocover dataset and the USGS (United States Geological Survey)’s.  
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undergoes significant interaction with the atmosphere 

before it reaches the satellite sensor. This interaction 

with the atmosphere is stronger when the target 

surfaces consist of non-bright objects, such as water 

bodies or vegetation. This problem is especially 

significant when using multi-spectral satellite data for 

monitoring purposes, such as agricultural or land use 

studies by vegetation index.  

Hence, it is essential to consider the effects of the 

atmosphere by applying a reliable and efficient 

atmospheric correction during pre-processing of 

digital data [11]. Most recent addition to empirical 

methods that do not use ground reference information 

is the QUAC (quick atmospheric correction) method. 

QUAC is a VNIR (visible-near infrared) through 

SWIR (shortwave infrared) atmospheric correction 

method for multispectral and hyperspectral imagery. 

Unlike other first-principles atmospheric correction 

methods, it determines atmospheric compensation 

parameters directly from the information contained 

within the scene (observed pixel spectra), without 

ancillary information [12]. 

Atmospheric correction is not required for some 

remote sensing applications such as in change 

detection and also image classification with a 

maximum likelihood classifier using a single date 

image. As long as the training data and the image to 

be classified are on the same relative scale (corrected 

or uncorrected), atmospheric correction has little 

effect on classification accuracy. Thus, atmospheric 

correction for a single date image is often equivalent 

to subtracting a constant from all pixels in a spectral 

band [13].  

According to Scepan et al. [14], the most useful 

band combinations in Landsat for discrimination of 

land cover categories are bands 4-5-3, 4-3-2 and 3-2-1 

assigned as red, green and blue, respectively. Band 5 

of Landsat is sensitive to variations in vegetative 

water content and soil moisture. It is also provides a 

good contrast between different types of vegetation. 

Therefore, a combination of bands 4, 5 and 3 is good 

for the analysis of soil moisture and vegetation 

conditions for this area, where new irrigated areas can 

be found and different vegetation densities exist. All 

images were subset and masked to the boundary of the 

Bustan three area. All images use bands 4-5-3; except 

for the MSS 1984 image because it contains only four 

bands, therefore a band combination of 4-3-2 was 

used. 

Ecosystems reflected on multi-zonal satellite 

images represent the whole range of objects differing 

by color, brightness. This allows application of RSD 

for studying their transformation. For such a purpose, 

this work employs methods based on the analysis of 

spectral curves. Digital treatment of satellite images 

was implemented using GIS-package ERDAS 

IMAGINE (Leica Geosystems Inc.) and ENVI. 

Program, while producing cartographic material, 

GIS-package ArcGIS 9.2 with expansion moduli 3D 

Analyst 1.0, Spatial Analyst 2.0 (ESRI Inc.) . 

Classification of the objects was performed through 

supervised classification and using vegetation indices. 

Supervised procedure a hierarchical land cover 

classification system [15] was used to detect the 

different land cover 4 categories in Lake Sevan basin: 

(1) water; (2) vegetation-bare; (3) man-altered land; (4) 

vegetated land. Different training sets were delineated 

for each land cover class and verified through a digital 

topographic map, ground truth points and the visual 

interpretation of different images. Using the training 

sets, various spectral signatures for each class were 

developed and evaluated using separability analysis to 

estimate the expected error in the classification for 

various feature combinations [16]. Using a 

separability cell array, different spectral signatures in 

each class were merged together. 

The maximum likelihood decision rule, the most 

common supervised classification method used with 

remotely sensed imagery data [17], was used as a 

parametric rule. The basis of the maximum likelihood 

classifier is the probability density function, which 

depends on the Mahalanobis distance between each 
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pixel and the centroid of the belonging class.  

For the analysis we select a vegetation index 

NDVI—a simple index of the quantity of 

photosynthetically active biomass and one of the most 

popular and applicable indices in solution of tasks 

involving qualitative assessment of ecosystem [18]. 

Selection of NDVI is not incidental as NDVI is best 

resistant to changes in a set of parameters: the height 

of the sun above the horizon, state of the atmosphere 

and types of the sensor. 

NDVI is calculated by the following formula [19]: 

REDNIR

REDNIR
NDVI




              (1) 

where, RED and NIR (near infrared) stand for the 

spectral reflectance measurements acquired in the red 

and near-infrared regions, respectively. 

According to the formula, thickness of vegetation 

(NDVI) in definite point of image is equal to the 

difference of intensities of reflected light in red and 

infra-red range divided into the sum of their intensities. 

To reflect the NDVI index, a standardized continuous 

gradient or discrete scale displaying values is applied 

in the range of -1 to +1 in %. Due to a specificity of 

reflection in NIR-RED spectrum zones, man-made 

objects have a fixed value NDVI, which allows using 

this parameter for their identification.  

3. Results and Discussion  

Deciphering satellite images through different 

techniques enabled us to indicate the dynamics of the 

ecosystems of Lake Sevan basin in a period 1973 to 

2011 (Figs. 2-4). 
 

 
Fig. 2  Continuous images represent the spatial distribution of NDVI values on different dates(1989.07-2011.07 ) in the Lake 
Sevan basin, Armenia. 
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(a)                                                       (b) 

Fig. 3  (a) The spatial distribution of NDVI values on dates 1977.06-2011.06 in the south-east of the Lake Sevan basin, 
Armenia; (b) The spatial distribution of NDVI values on dates 1977.06-2011.06 in north-west. 
 

           
(a)                                                    (b) 

Fig. 4  (a) The spatial distribution of different land cover classes on dates 1976.06-2011.06 in the south-east of the Lake 
Sevan basin, Armenia; (b) the spatial distribution of different land cover classes on dates 1976.06-2011.06 in north-west.  
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As seen from Figs. 2 and 3, NDVI values and the 

area they cover indicate that between 1973 and 2011 

the area of almost non-vegetated lands increased 

approximately by three times. The main cause of such 

changes is activation of erosion processes as a result 

of a climate warming. Meteorological data indicate 

that over the recent 50 years the temperature has 

increased by 0.4 °C, whereas the amount of 

atmospheric precipitation reduced by 6%. Also, 

expansion of man-altered and bare areas is explained 

by a fact that since recent years the vicinities of Lake 

Sevan basin and other sites have been under intense 

construction. Illegal tree cutting, too, which occurred 

in the period of economic crisis after the former USSR 

breakdown, favored expansion of bare areas. Forest 

cutting was practiced both southward of the lake, on a 

southeastern segment of planted forests and in residual 

forests spread within the spectrum of the Aregouni 

Range, and finally brought to disturbance of natural 

balance of the ecosystem, intensification of erosion 

processes towards the eastern shore of Lake Sevan 

basin, deterioration of soil productivity and an 

increase in xerophyte plants.  

The change is best visible in respect to 

Shorzha-Artanish sector, almost the entire area of 

which was bare of vegetation in period 1976-2010. 

The same phenomenon is observed in respect to a 

sector in between villages of Norashen and Tsovasar. 

Between 1973 and 2011 changes occurred in the 

quality of farmlands and productivity, too. In 

particular, in post-Soviet years after land 

privatization, reduction of productivity and 

activation of erosion processes were observed that 

resulted from misuse and mismanagement of water in 

agriculture.  

Such changes are observable in respect to River 

Masrik basin (Figs. 3 and 4), where in 1976-2011 the 

area of damaged land dramatically increased as a 

result of overgrazing. The latter adding soil erosion 

bring to reduction of biodiversity and consequently to 

degradation of the ecosystem as a whole.  

 

4. Conclusions 

In this research, the hybrid classification approach 

and NDVI analysis were used to monitor the land 

cover changes during this period. Interpretation of the 

obtained results supports a conclusion that for the last 

40 years (1973-2011), natural ecosystems of Lake 

Sevan basin underwent moderate and strong 

transformation seen in expansion of man-altered 

territories and vegetation-bare sites, landscape 

ariditation and degradation (desertification). 
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