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Abstract: 
The aim of present study was formation map of natural and anthropogenic landscapes 

map to monitor geo-ecological condition of Zagros mountains over time period of 1985-

2015 based on spectral and vegetation indices using package  ERDAS IMAGINE 2014. 

Following tasks have done to achieve given purpose. 

• The methodology of satellite image Landsat interpretation have developed on the 

basis of vegetation and spectral indices. 

• The methodology of determination changes in natural and anthropogenic 

landscapes have developed on the basis of remote sensing data in relation to the 

characteristics of the territory of Zagros. 

• The corrective measures have offered  to stabilize the natural and anthropogenic 

landscapes in the Zagros mountains. 

Data of visual interpretation of GOOGLE EARTH high-resolution images and results of 

filed study helped to select optimal spectral and vegetation indices considering geo-

ecological condition of Zagros mountains. ERDAS IMAGINE 2014 have used to 

interpretation satellite image Landsat (5, 1985 and 8, 2015), based on selected spectral 

and vegetation indices. ERDAS IMAGINE 2014, also have helped to create map of 

changes in geoecological conditions of Zagors mountains during 1985-2015. So 

considering the geoecological condition of Zagros mountains, Agroforestry systems have 

suggested to improve condition of disturbed  regions.  

Introduction: 
Arid and semi-arid ecosystems are those in which the ratio of total annual precipitation to 
potential evapotranspiration is 0.05–0.50; these areas cover about 30 % (about 4 billion 
ha2) of global dry land (Beadle 1959; Bailey 1979; Paruelo et al. 2000; Diouf and Lambin 
2001; Lal 2004; Austin and Vivanco 2006; Heisler-White et al. 2008; Rotenberg and Yakir 
2010; Walker 2012; Riha et al. 2014; Letnic et al. 
2015). Vegetation in dry-land ecosystems support global biodiversity, carbon 
sequestration, and the majority of the world’s livestock. The woody plant mosaic in dry-
land ecosystems is a fundamental determinant of key ecosystem processes (e.g., 
evapotranspiration, fire disturbance) and associated abiotic patterns (Breshears 2006). 
Monitoring long-term changes in an ecosystem over large spatial extents is critical for 
understanding the dynamics of woody plants in arid and semi-arid ecosystems and their 
responses to natural disturbance and rangeland management (Jian et al. 2012; Saranya 
et al. 2014). Monitoring long-term tree cover dynamics in semi-arid woodlands requires 
repeated retrieval of the tree canopy cover area with relatively high accuracy (Hostert et 
al. 2003; Cohen et al. 2003; Jian et al. 2012). 
Field measurement of the tree canopy cover is expensive, labor-intensive, and often 
limited in temporal scope and spatial scale. Remote sensing (RS) has been 
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demonstrated to be a suitable alternative for quantifying biophysical variables such as 
leaf area index and vegetation cover (Cohen et al. 2003; Tang et al. 2014; Be´land et al. 
2014). Tree canopy cover in dry land ecosystems can be confounded by shrub cover and 
can contribute considerably to leaf area and foliar biomass. Quantifying tree canopy cover 
in dry land ecosystems using RS data can be particularly challenging in areas with low 
tree cover and density, short tree stature, and coexistence of trees and shrubs at fine 
spatial scales (Ko et al. 2009). In arid and semi-arid regions, changes in woody plant 
cover have dramatic effects on ecosystems (Breshears 2006; Homet- Gutie´rrez 2015). 
RS has been used to provide spatially explicit information about the heterogeneity of 
woody plant distribution over extensive dry land areas (Walker et al. 2012; Ferreira et al. 
2015). 
Landsat archival imagery (LAI) can be effective for monitoring woodland expansion and 
contraction in semiarid landscapes over time (Zhu et al. 2012; Jian et al. 2012; Griffiths 
et al. 2014; Schmidt et al. 2015). Studies on different biomes, including cropland, 
plantations, and forests (conifer and deciduous stands) have successfully linked LAI 
measurements on the ground using direct or indirect techniques to RS data (Chen and 
Black 1991; Chen and Cihlar 1996; Colombo et al. 2003; Brantley et al. 2011). About 300 
vegetation indices have been published; however, only a few of those based on 
biophysics or on specific methods have been adopted (Thenkabail et al. 2016).  
These studies correlate spectral vegetation indices (SVIs) from different types of satellite 
data (Adina et al. 2014). The most popular of these indices are the normalized difference 
vegetation index (NDVI), simple ratio (SR) index, and soil adjusted vegetation index 
(SAVI). 
The relationship between LAI and different combinations of SVIs has been analyzed in a 
variety of studies (Adina et al. 2014; Le Maire et al. 2011). Besides linear, quadratic 
polynomial, and cubic polynomial links, most studies have shown logarithmic 
relationships (Tucker 1979; Myneni et al. 1997; Chen and Cihlar 1996; Datt 1999; 
Mutanga and Skidmore 2004; Le Maire et al. 2011; Potithep et al. 2013). Time series 
analyses provide powerful alternatives with their ability to separate seasonal variation 
from long-term trends (Sulla-Menashe et al. 2014; Lanorte et al. 2014; Starr et al. 2015; 
Ahmed et al. 2015). Trend analysis has been frequently applied to characterize land 
surface phenology change from coarsescale imagery (Slayback et al. 2003; Heumann et 
al. 2007; Bradley and Mustard 2008). 
Our study tested instrumental and technological solutions that efficiently and accurately 
describe desertification dynamics through creation of vegetation degradation maps for 
rational management. Multispectral Landsat images and calculation of vegetation indices 
were chosen to accommodate the large area of the study site in the Zagros forest of 
Lorestan to decrease the cost of processing the technology. 
Field studies were carried out at single research sites using optimal vegetation index to 
extract results for desertification of the region. In past decades, deterioration of vegetation 
and land degradation in arid and semi-arid regions has forced the mangers to use new 
and rapid technology to extract vegetation maps on local and regional levels for 
monitoring and assessment. This ability increases understanding of the influences of 
humans and climate change on land degradation. It is crucial to calibrate and determine 
the best indices to obtain reliable results about the status of the vegetation. 
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The aim of present study was formation map of natural and anthropogenic landscapes 
map to monitor geo-ecological condition of Zagros mountains over time period of 1985-
2015 based on spectral and vegetation indices using package  ERDAS IMAGINE 2014. 
Following tasks have done to achieve given purpose. 

• The methodology of satellite image Landsat interpretation have developed on the 
basis of vegetation and spectral indices. 

• The methodology of determination changes in natural and anthropogenic 
landscapes have developed on the basis of remote sensing data in relation to the 
characteristics of the territory of Zagros. 

• The corrective measures have offered  to stabilize the natural and anthropogenic 
landscapes in the Zagros mountains. 

 

Study area: 
The study area is located in western Iran at 48_470–50_30 longitude and 32_440–
33_350 latitude. This includes part of the central Zagros forests with an area of 32,231 
ha (Fig. 1). Geomorphologic classification of area is mountainous and its climate is semi-
humid cold. The species in order of frequency are Quercus brantii, Daphne mucronata, 
Amygdalus scoparia, Acer monspessulanum, Amygdalus lycioides, Cerasus 
brachypetala, Crataegus pontica, Amygdalus orientalis, Pistacia mutica, and Pistacia 
khinjuk (Henareh Khalyani et al. 2012; Ghanbari and Sefidi 2012). 
 

 
Fig. 1 Location of Zagros forests and study area in Iran 
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Methodology: 
Our study improved the compatibility of the spectral and vegetation index (Table 1) with 
trends in the environment, climate, and cover change over a 30-year period from 1985 to 
2015. Satellite imagery for the years 1985 (Landsat 5, TM), 2015 (Landsat 8 OLI) with a 
spatial resolution of 30 m2 were used (Huang et al. 2009; Brandt et al. 2012). All images 
were recorded in the month of June to increase accuracy by comparison of similar time 
frames. Two topographic map sheets were used to identify and visit the area and as 
ground truth maps. Topographic map sheets were applied to identify ground control points 
to allow geometric correction of the satellite images and evaluate the accuracy of the 
geometric correction. 
Randomized systematic sampling was used in this study. The distance between the UTM 
grid lines was 1 km. The line transect method was used with a starting point for each 
transect at the cross point at the 1 km 9 1 km grid lines for the 1:25,000 scale maps with 
forest coverage. Along each transect, every single tree or shrub species having crowns 
that intersect the line transect were listed by scientific name. The understory species at 
each transect were recorded as an index of human influence. The length of each transect 
depended on the density of the forest canopy. For canopy cover of 10, between 10 and 
50, and 50 %, the cover transect length was 100, 200, and 400 m, respectively. The data 
was managed in the form of a database that was built, sorted, and filtered using Microsoft 
Access software. Descriptive statistical parameters such as the total number of each 
species, means, extremes, frequency histograms were helpful for analysis of the niches 
of the plants. 
Field data and results of visual interpretation of high-resolution imagery in Google Earth 
have been used to increase the accuracy of satellite image processing.It also helps to 
draw the boundaries of test plots for each type of land cover such as, bare regions, low 
density woody plants, woody plants, grasslands, urban and farm lands in the package 
ERDAS IMAGINE 2014 using tool Drawing-Polygon (Fig. 2). 
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Fig. 2. Types of test plots of the investigated area 

Using tool Statistics in the package ERDAS IMAGINE 2014, the average values of the 
spectral reflectance in different spectral bands were determined for selected test plots  
(Raster→Supervised→Signature Editor →Views→Statistics) (Fig. 3). 
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Fig. 3. The average values of spectral channels for test plots 
 
 Charts spectral reflections of test plots were made for different channels (Fig. 4). 
In this process, the average values of spectral channels for test plots were used (Fig. 3). 
These calculations were done by tool Mean Plot Windows 
(Raster→Supervised→Signature Editor →Views→Mean Plot Windows). 
 
 
 

Signature Editor 

Average values 
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Fig. 4. Spectral curves of different test plots 
 

Data Fig 3 and 4. Illustrate that different test areas are characterized by different 
spectral characteristics. As it is shown in Fig. 4, in dark green curve section of woody 
plants has low spectral values in the visible spectrum (channels 1-4) and it increases with 
high slope in the near infrared spectrum (channel 5) a slight drop in the mid-IR region of 
the spectrum is observed (channel 6), and there is a sharp falling down in the Shortwave 
Infrared (SWIR) 2 spectrum (channel 7). As it is shown in Fig. 4, in the portions of the 
spectral curve (bright green) with low density of woody plants also a sharp increase in the 
near-infrared part of the spectrum can be observed, but unlike woody plants, there is a 
decline in the Shortwave Infrared (SWIR) 1. The spectral curve plots of bare soil (yellow) 
has gradual increases to near-infrared part of the spectrum and a sharp fall in the (SWIR) 
2 spectrum. Spectral curve of urban area characterized by a steady increase in value up 
to the near-infrared spectrum, then, in the middle of the IR spectrum of a slight drop in 

Several type of landscapes 

Charts spectral reflections of landscapes 

(Mean Plots tool) 
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the obvious contrast to other test sites the study area. However, improving the accuracy 
of interpretation of woody plants in arid and semi-arid climate can be achieved by 
combining field research, the traditional interpretation of satellite images of medium 
resolution and use of high-resolution imagery in Google Earth. Using test plots enables 
us to distinguish basic natural and man-made landscapes with a high degree of accuracy. 
Construction of spectral curves enables them to refine the spectral reflection 
characteristics of test sites and later on the basis of these data, to improve interpretation 
accuracy. Most separation accuracy is achieved by using data in the middle of the 
reflection infrared spectrum to reduce the influence of soil, because in this band, spectral 
curve of different objects varies maximally. 

In the conducted researches to this day on the Zagros Mountains, different methods of 
satellite images classification have been used such as supervised and unsupervised 
interpretation to analyze changes in the areas of the natural and anthropogenic 
landscape. Also different vegetation indexes have been used such as NDVI and SAVI. 
Since the soil noise problem affects unfavorably for those areas, where vegetation covers 
is sparse like in arid and semi-arid areas and the ratio of red and near-infrared channels 
often are used in the popular vegetation indices like NDVI and SAVI, these indices solely 
can’t contribute to resolve mentioned problem. In this work, we recommend to use 
different methods of satellite images Landsat interpretation based on different vegetation 
and spectral indices at different stages (Table 1). Based on our obtained results in 
studying spectral reflectance of each type of landscapes our recommended method helps 
to increase the accuracy of interpretation of satellite images. 
 
Table 1 Spectral and vegetation indices 

Spectral and vegetation indices  Ability and advantage 

NDVI Rouse (1974) able to separate the bare soil from high 
density woody plants 

MAN=NDVI+(ρNIR – ρSWIR)/( ρNIR + 
ρSWIR)           

able to separate the bare soil from low 
density woody plants 

Shortwave Infrared (SWIR) 2/RED able to separate grasslands from other types 
land cover 

Shortwave Infrared (SWIR) 2/ 
Shortwave Infrared (SWIR) 1 

able to separate urban areas from bare 
regions 

Green/Blue able to separate urban areas from bare soil 

Red/Green able to separate urban areas from bare soil 

Shortwave Infrared (SWIR) 1/Red able to separate urban areas from bare soil 

 
 
Characteristics of vegetation Index MAN: 
As mentioned above, it is recommended to use numerical difference between SWIR1 and 
NIR to decrease influence of the soil noises in arid and semiarid regions. So, to separate 
bare soils from regions with low density vegetation covers, VI MAN for satellite images 
Landsat interpretation with high accuracy will be used.   

MAN= NDVI+ (ρNIR – ρSWIR)/( ρNIR + ρSWIR)       
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The shortwave-infrared (SWIR) region (1–3 µm) is sensitive to leaf water content because 
of absorption of the electromagnetic energy in this wavelength. SWIR reflectance 
generally decreases as water content in the leaves increases (Tucker 1980, Hardisky et 
al. 1983, Hunt et al. 1987, Hunt and Rock 1989, Gao 1996). Kimes et al. (1981) first used 
the normalized difference of NIR (Landsat Thematic Mapper (TM) band 4) and SWIR 
(band 5) radiances, called ND45, to estimate crop canopy physiological status. Hardisky 
et al. (1983) used the same index, called the infrared index (II), to indicate leaf and canopy 
moisture. Later, Hunt and Rock (1989) applied II to detect plant water stress and renamed 
it as the normalized difference infrared index (NDII). Following the development of these 
indices, several others were found in the literature: normalized difference water index 
(NDWI; Gao 1996), modified normalized difference vegetation index (mNDVI; Jürgens 
1997), shortwave-infrared-based vegetation index (SWVI; Cayrol et al. 2000), shortwave 
vegetation index (SWVI; Fraser et al. 2000), normalized difference moisture index (NDMI; 
Wilson and Sader 2002), shortwave-infrared water stress index (SIWSI; Fensholt and 
Sandholt 2003), normalized difference shortwave-infrared (NDSWIR; Gerard et al. 2003) 
and land surface water index (LSWI; Xiao et al. 2004).                                           

Vegetation indices NDVI, SAVI calculated in the package ERDAS IMAGINE 2014 using  
tool Indices (Raster→Unsupervised→Indices)  and MAN calculated with a tool (toolbox) 
and the average values of vegetation indices for each of test plots, calculated using tool 
Statistics (Raster→Supervised→Signature Editor →Views→Statistics) (Fig. 5). 
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Mean values of NDVI 

in test plots 

views 

Mean values of SAVI 

in test plots 

Bare soils 
Low density woody plants Woody plants 

Grass lands Urban areas Farm lands 
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Fig. 5.Average values of vegetation indices NDVI, SAVI and MAN in several test plots 

Results were exported to package Excel and graphics average values of  vegetation 
indices NDVI, SAVI and MAN were drawn in several test plots to compare results of NDVI 
and SAVI whit MAN(Fig. 6). 

 

Mean values of MAN 

in test plots 
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Fig. 6. Graphics of average values of vegetation indices NDVI, SAVI and MAN in several 
test plots 

As can be seen from the graphs, vegetation index NDVI and SAVI can’t enable us 
distinguish the boundary of studied test sites with a high degree of accuracy, except the 
boundary of agricultural land. The obtained results illustrate that it is difficult to separate 
bare soil areas from low density woody plants in arid and semiarid regions. The values of 
the spectral reflection of bare soil area are similar to low-density woody plants. Soil noises 
in arid and semiarid regions don’t play serious role in farmlands and high-density woody 
plants, but for areas with low-density woody plants cause problem in satellite images 
interpolation. The ratio of spectral characteristics of the near-infrared and red channels 
for the land occupied by agricultural land, low density woody plants, high density woody 
plants, bare regions and residential areas are respectively 4.84, 1.68, 2.13, 1.35 and 1.22. 
As can be seen from the Fig. 6. , the values of NDVI and SAVI for areas with low density 
woody plants and bare soil are close (the difference less than 0.1). So, it can be resulted 
that these indices with high accuracy solely can’t be used to separate areas with low 
density woody plants and bare soil areas in arid and semi-arid regions. 

The obtained results in Fig.6. show that numeric range of VI MAN for different landscapes 
is more than VI NDVI and SAVI (numeric range of NDVI and SAVI for different landscapes 
is between -1 and 1 but numeric range of MAN for them is between -2 and 2).   For 
example numeric differences of VI MAN, NDVI and SAVI between bare soil areas and 
woody plants respectively are 0.13, 0.1 and 0.07. Therefore, VI MAN in comparison to 
NDVI and SAVI more accurately can separate boundaries of different landscapes from 
each other. 
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Based on field studies, it resulted that in the areas with slopes over 60 degrees  
anthropogenic landscapes don’t exist. So, to classify satellite images with more accuracy, 
studied region must be divided into areas with slope over and under 60o (Fig. 7). Then, 
a method of classification based on vegetation and spectral indices will be offered for 
each of them.  
 

 

Fig 7. Studied area with slope under and over 60˚ 

Based on obtained results of field studies, we can conclude that in areas with slope over 
60˚ there are no urban areas and farmlands. Considering the abilities of VI MAN as 
mentioned above in separating plant covers from bare soil areas with high accuracy, for 
this areas only VI MAN for interpretation satellite images Landsat 5(1985) and 8(2015) 
will be offered to be used.  Vegetation index MAN has been created in the package 
ERDAS IMAGINE 2014 using tool Function Definition (Toolbox→Model Maker→Function 
Definition) (Fig. 8). 

Zagros mountains with 

slope over 60˚ 

Zagros mountains with 

slope under 60˚ 
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Fig 8. Calculation of VI MAN  using tool Model Maker. 

 

The numerical ranges for each class in VI MAN have been determined using field studies 
data and visual interpretation of GOOGLE EARTH high-resolution images. Taking into 
account that the spectral ranges of each channel space images landsat 5 and 8 are 
different, for each of them different numeric range of VI MAN was selected for any 
landscape type (Table 2). 

Table 2. The numeric ranges of various man-made and natural landscapes in VI MAN. 

 landsat 5, 1985 landsat 8, 2015 

Bare <0.1 <0.15 

Low density 
woody lands  

0.1-0.2 0.15-0.25 

woody lands >0.2 >0.25 

 

Numeric ranges of VI MAN defined in ERDAS IMAGINE 2014 using tool Criteria 
(Toolbox→Spatial Model Editor→Conditional→Criteria) (Fig. 9). 

Calculation VI MAN 

(formula MAN) 

Function Definition 

Input image 

Output image 
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Fig 9. Defining numeric ranges of VI MAN in ERDAS IMAGINE 2014 

Landscape maps of satellite images Landsat 1985 and 2015 in regions with slope over 
60˚ have been created based on VI MAN (Fig. 10). The numerical ranges of VI MAN have 
used to classify several types of natural and anthropogenic landscapes. 

Input images Criteria  Output images 

Numerical ranges of 

VI MAN 
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Fig 10. Land scape map of regions Zagros mountains with slope over 60˚ in 1985 and 
2015 using VI MAN  

Based on obtained results of field studies and results of visual interpretation of high-
resolution imagery in Google Earth, we can conclude that in areas with slope under 60˚ 
there are  6 main type of landscapes. They include bare soils, low density woody plants, 
woody plants, grasslands, urban areas and farm lands. Our method to satellite image 
Landsat 5 (1985) and 8 (2015) interpretation for Zagros mountains with slope under 60˚ 

Classes of VI MAN in Zagros mountains 

with slope over 60˚ (1985) 

Classes of VI MAN in Zagros mountains 

with slope over 60˚ (2015) 
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have showed in Table 3. This method have selected based on our obtained results in 
studying spectral reflectance of each type of landscapes.  

Table 3. offered method to create land scape maps of Zagros mountains  with slope 
under 60˚. 

NDVI<0.2 0.2<NDVI<0.4 NDVI>0.4 

Landsat5 Landsat8 7/3<1.
2 

7/3≥1.
2 

MAN 

3/2<1.2 3/2≥1.2 2/1<1.4 2/1≥1.
4 

Grassl
ands 

MAN 

5/3<1.4 5/3≥1.4 MAN 7/6<0.
9 

7/6≥0.
9 

MAN 

Urban 
areas 

MAN  MAN Urban 
areas 

 

Suggested method to satellite image Landsat 5 (1985) and 8 (2015) interpretation in 
Table 3, have performed using tool Model Maker (Toolbox→Model Maker) (Fig. 11). 
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Fig 11. Calculation land scape map  of Zagros mountains with slope under 60˚ in 1985 
and 2015  

 

Considering that values of NDVI are near in urban areas and bare soils, also are near in 
grass lands and woody plants. So studied region have divided in 3 class (NDVI<0.2, 
0.2≤NDVI<0.4 and NDVI≥0.4) in first stage of satellite images Landsat  interpretation (Fig. 
12). 

(RED/GREEN

) 

SWIR1/RED 
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SWIR2/RED 
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GEASS LANDS 
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 +  

Place to inside formula 
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Fig. 12. Several classes of studied regions based on VI NDVI 

Bare soils with urban areas and grasslands with woody plants respectively exists in first 
and second classes, that have obtained based on values of VI NDVI. Woody plants still 
exist accompanying farmlands in third class. So in this stage VI NDVI helped to separate 
urban areas and bare soils from vegetation covers, also helped to separated grasslands 
areas from farmlands.  

Considering that bare soils and urban areas have separated from others type of 
landscapes via VI NDVI in first stage (class1, NDVI<0.2, Fig12). Suggested method in 
Table.4 have selected to separate urban areas from bare soils in second stage of satellite 
image Landsat 5 and 8 interpretation. Spectral indices RED/GREEN with SWIR1/RED 

Classes of VI NDVI in Zagros mountains 

with slope under 60˚ (1985) 

Classes of VI NDVI in Zagros mountains 

with slope under 60˚ (2015) 
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and GREEN /BLUE respectively have used to separate urban areas in Landsat 5 and 
Landsat8 based on several spectral characteristics of this images. As mentioned in Table 
2, ability of this indices in separating urban areas from bare soils have identified based 
on our obtained results in studying spectral reflectance of each type of landscapes.    

Table 4. offered method to separate urban areas from bare soils in the Zagros mountains 
with slope under 60˚ using Landsat 5 and 8.    

NDVI<0.2 

Landsat5 (1985) Landsat8 (2015) 

3/2<1.2 3/2≥1.2 2/1<1.4 2/1≥1.4 

5/3<1.4 5/3≥1.4 MAN Urban areas MAN 

Urban areas MAN 

 

Urban areas in satellite image 5(1985) have separated in 2 stages. At the first areas that 
their values of SI RED/GREEN were under 1.2  have separated and at the second for this 
areas calculated spectral index SWIR1/RED. The regions that their values of SI  
SWIR1/RED were under 1.4 have identified as urban areas (Fig. 13). But Urban areas in 
satellite image 5(1985) have separated in 1 stages. The regions that their values of SI  
GREEN/BLUE were under 1.4 have identified as urban areas (Fig. 13). 
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Fig. 13. Urban areas of Zagros mountains in 1985 and 2015 . 

Considering that grasslands and woody plants have separated from others type of 
landscapes via VI NDVI in first stage (class2, 0.2<NDVI=<0.4, Fig12). Suggested method 
in Table.5 have selected to separate grasslands from woody plants in third stage of 
satellite image Landsat 5 and 8 interpretation. As results of Charts spectral reflections of 
test plots shows, the values of spectral band SWIR2 in grassland are less than others 
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type of landscapes. So SI SWIR2/RED have suggested to separate grass lands from 
others type of landscapes in our study, because of the values of this SI often are less 
than 1 in grasslands, but are more than 1 in others type of landscapes in Zagros 
mountains. 

Table 5. Table 4. offered method to separate grasslands from other types of landsscapes 
in the Zagros mountains with slope under 60˚ using Landsat 5 and 8.    

0.2<NDVI<0.4 

7/3<1.2 7/3≥1.2 

Grasslands MAN 

 

Grasslands have separated based on SI SWIR2/RED, using suggested method of 
satellite image Landsat 5 (1985) and Landsat 5 (2015)   interpretation (Fig. 14). SI 
SWIR2/RED have calculated in regions that were in class 0.2<NDVI<0.4(class2, Fig12). 
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Fig. 14. Grasslands of Zagros mountains in 1985 and 2015 . 

Tool mask (raster→subset and chip→mask ) has used to separate boundaries of areas 
that until this stage of satellite image Landsat interpretation don’t classified from 
boundaries of urban areas and grasslands(Fig. 15).  
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z

 

Fig. 15. Separating boundaries of no classified areas from urban areas and grasslands 
using tools mask 

Tool Model Maker has used to calculate VI MAN based on its suggested formula in table 
1. VI MAN has calculated for areas that no classified as urban areas and grasslands. This 
areas have classified using tool criteria (Tool box – Spatial Model Editor – Conditional - 
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Criteria) Fig. 16, based on numerical ranges that have identified for VI MAN in table 2.

 

Fig. 16. Classifying VI MAN using tools criteria . 

Bare soils, low density woody plants, woody plants and farm lands have separated using 
VI MAN in satellite images Landsat (5,1985) and (8,2015) in regions with slope under 
60˚(Fig. 17). 

Criteria  
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Fig. 17. Several classes of vegetation index MAN in Zagros mountains with slope under 
60˚ 

Tool BitwiseOr ( Toolbox→ Spatial Model Editor→Bitwise→BitwiseOr ) has  used to 
create landscapes maps of Zagros mountains in 1985 and 2015 (Fig. 18). This tool help 
to join several types of anthropogenic and natural landscapes that obtained in several 
stages of Landsat images interpretation. 
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Fig. 18. Joining several types of anthropogenic and natural landscapes of Zagros 
Mountains 

Landscape maps of 1985 and 2015 have created using different VI and SI that offered in 
this study. Results of filed study, visual interpretation  of high-resolution imagery in Google 
Earth and studying spectral reflectance of each type of landscapes have helped to offer 
method satellite image Landsat5 and 8 interpretation with high accuracy. Bare soils, low 
density woody plants, woody plants, grasslands, urban areas, farm lands have identified 
as type of landscapes in Zagros mountains(Fig. 19).

Urban  

Grass lands 

MAN in regions with 

slope under 60 

MAN in regions with 

slope over 60 

Classification 

types of several 

landscapes 

 

Urban + Grass lands  

Urban + Grass 

lands + MAN(under 

60) 

Landscapes map of 

Zagros Mountains 

BitwiseOR Criteria  
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Fig. 19. Landscape maps of Zagros mountains (1985 and 2015) 

Discussion and conclusion: 

In this study, landscapes haven’t  classified into natural, anthropic and cultural. But with 
the aim of Identification of disturbed regions, have tried to focus on occurred changes in 
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landscapes over time. This classes have identified based on vegetation covers changes 
and influences of anthropogenic impacts on natural landscapes over 30 years.  The 
classes of landscape changes have included 1. No change, 2. Slightly changed, 3. 
Degradation, 4. Strongly degradation, 5. Anthropogenic_urbanization, 6. Anthropogenic 
_farming, 7. Better over time (Table.6).  

The following is a suggested specification of this classification. 

1. No change- this group includes areas that their landscape types over time no 
changed and when urban areas change into bare areas. 

2. Slightly changed- this group includes areas that their condition 1 level becomes 
worse based on vegetation covers. So when farm lands change into bare or low 
density woody plants changes into grasslands relate to this group. 

3. Degradation- this group includes areas that their condition 2 levels becomes worse 
based on vegetation covers. So when grasslands or low density woody plants 
changes into bare areas, when woody plants change into low density woody plants 
or grasslands relate to this group.  

4. Strongly degradation-  this group includes areas that their condition 3 level 
becomes worse based on vegetation covers. So when woody plants change into 
bare lands relate to this group. 

5. Anthropogenic influences – urbanization- this group includes areas that in them 
urbanization process occurs over time. So when other types of landscape changes 
into urban areas relate to this group. 

6. Anthropogenic influences – farming- this group includes areas that in them farming 
occurs. So when other types of landscape changes into farm lands relate to this 
group.   

7. Better- this group includes areas that their condition becomes better based on 
vegetation covers. 

Table 6. Several classes of change in geo-ecological condition over time 

 Bare  Low woody 
plants 

Woody 
plants 

Grass 
lands 

Urban  Farm lands 

Bare  No 
change(
1) 

Better (7) Better (7) Better (7) Anthropogeni
c– 
urbanization 
(5) 

Anthropoge
nic– farming 
(6) 

Low 
woody 
plants 

Degrada
tion (3) 

No change(1) Better (7) Slightly 
changed 
(2) 

Anthropogeni
c– 
urbanization 
(5) 

Anthropoge
nic– farming 
(6) 

Wood
y 
plants   

Strongly 
degradat
ion (4) 

Degradation 
(3) 

No 
change(1) 

Degradatio
n (3) 

Anthropogeni
c– 
urbanization 
(5) 

Anthropoge
nic– farming 
(6) 
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Grass 
lands 

Degrada
tion (3) 

Better (7) Better (7) No 
change(1) 

Anthropogeni
c– 
urbanization 
(5) 

Anthropoge
nic– farming 
(6) 

Urban  Degrada
tion (3) 

Better (7) Better (7) Better (7) No change(1) Anthropoge
nic– farming 
(6) 

Farm 
lands 

Slightly 
changed 
(2) 

Better (7) Better (7) Better (7) Anthropogeni
c– 
urbanization 
(5) 

No 
change(1) 

 

Tool Mask, has used to create map of changes in geoecological conditions of Zagors 
mountains during 1985-2015(Fig. 20).  Landscape maps of Zagros mountains in 1985 
and 2015 (Fig. 19) and several classes of change in geo-ecological condition over 1985-
2015 (Table 6), have helped to create this map.  

 
 

Fig. 20. Map of changes in geoecological conditions of Zagors mountains during 1985-
2015 
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Reclamation activities: 
Several classes of this map have helped to identify regions under threat of geo-ecological 
degradation, regions that their condition over period of time no changed and regions that 
affected under anthropogenic action.  
Considering the geo-ecological characteristics of our study region and based on our filed 
study can conclude that, the balance and sustainable of cultural landscape will be 
obtained with help of several agroforestry systems. Since woody plants species such as 
Quercus brantii, Daphne mucronata, Amygdalus scoparia, Acer monspessulanum, 
Amygdalus lycioides, Cerasus brachypetala, Crataegus pontica, Amygdalus orientalis, 
Pistacia mutica, Pistacia khinjuk and so on are compatible with ecological conditions of 
Zagros mountains. This species have suggested to use in agroforestry systems in the 
Zagros mountains. 
 
Agroforestry is a collective name for land-use systems and technologies where woody 
perennials (trees, shrubs, palms, bamboos, etc.) are deliberately used on the same land-
management units as agricultural crops and/or animals, in some form of spatial 
arrangement or temporal sequence. In agroforestry systems there are both ecological 
and economical interactions between the different components. Agroforestry can also be 
defined as a dynamic, ecologically based, natural resource management system that, 
through the integration of trees on farms and in the agricultural landscape, diversifies and 
sustains production for increased social, economic and environmental benefits for land 
users at all levels. In particular, agroforestry is crucial to smallholder farmers and other 
rural people because it can enhance their food supply, income and health. Agroforestry 
systems are multifunctional systems that can provide a wide range of economic, 
sociocultural, and environmental benefits. 

There are three main types of agroforestry systems: 

 Agrisilvicultural systems are a combination of crops and trees, such as alley 
cropping or homegardens. 

 Silvopastoral systems combine forestry and grazing of domesticated animals on 
pastures, rangelands or on-farm. 

 The three elements, namely trees, animals and crops, can be integrated in what 
are called agrosylvopastoral systems and are illustrated by homegardens 
involving animals as well as scattered trees on croplands used for grazing after 
harvests. 

 
In agroforestry systems there are both ecological and economical interactions between 
the different components (Lundgren and Raintree, 1982). 

This definition implies that:  

1. agroforestry normally involves two or more species of plants (or plants and 
animals), at least one of which is a woody perennial;  

2. an agroforestry system always has two or more outputs; 
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3. the cycle of an agroforestry system is always more than one year; and 
4. even the simplest agroforestry system is more complex, ecologically (structurally 

and functionally) and economically, than a mono-cropping system. 

The optimal systems for reclamation disturbed areas of Zagros mountains during 1985-

2015 have suggested in 3 stages.  

 In first stage areas that haven’t changed over 30 years, have considered as 
stainable system and compatible  with geo-ecological condition of study region.  
Implementation of agroforestry systems haven’t offered for areas that type of their 
landscape no changed (Fig. 21).  In the other hand, since it is impossible to change 
in areas that in them urbanization process occurs over 1985-2015. In this study 
have offered to control urbanization process, with the aim of prevation of negative 
influences of anthropogenic impacts on woody plants of Zagros mountains in future 
(Fig. 21). 

 In second stage have offered implementation of agroforestry system 
Agrisilvicultural for areas that over time have used as farm lands(Fig. 21). This 
system will help to improve geo-ecological condition of this areas, considering their 
geo-ecological ability in farming. In the other hand Agri-silviculture is a production 
technique which combines the growing of agricultural crops with simultaneously 
raised and protected forest crops.  

 In third stage have offered implementation of agroforestry system Silvopastoral for 
grasslands and low density woody plants of 2015 , that have degraded their 
geoecological condition during 1985-2015(Fig. 21). 
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Fig. 21. Aactivities for reclamation of disturbed areas 

In the system Agrisilviculture, agricultural crops are intercropped with tree crops in the 
interspace between the trees. Under this system agricultural crops can be grown upto two 
years under protective irrigated condition and under rainfed farming upto four years. The 
crops can be grown profitably upto the above said period beyond which it is uneconomical 
to grow grain crops. However fodder crops, shade loving crops and shallow rooted crops 
can be grown economically. Wider spacing is adopted without sacrificing tree population 
for easy cultural operation and to get more sunlight to the intercrop. Performance of the 
tree crops is better in this system when compared to monoculture. Considering that Agri-
silviculture is a production technique which combines the growing of agricultural crops 
with simultaneously raised and protected forest crops. 

In the system Silvopastoral considering that the production of woody plants combined 
with pasture is referred to Silvipasture system. The trees and shrubs may be used 
primarily to produce fodder for livestock or they may be grown for timber, fuelwood, fruit 
or to improve the soil.  

The aim of present work have achieved on the basis of following advantages of ERDAS 
Imagine. 

• Spectral reflections of selected test plots can be studied using tools Signature 
Editor. 

• All formula of vegetation indices can be calculated using tools Function Definition 
in the Model Maker.  

• Model Maker prepares a place to run all stages of satellite image interpretation at 
the same time. 

• Numerical ranges of several landscape types can be identified using tools Criteria 
in the Spatial Model Maker. 

• Difference between satellite images, that occur over period of time can be detected 
using tools Mask. 
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