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Abstract 

Spectral vegetation indices and their relations to some ecological and terrain variables in the Iraqi Kurdistan Region (IKR) are the main 

objective of this study. A mosaic of two Landsat-7 ETM+ images was utilized to produce five spectral vegetation indices, and the Terra 

ASTER Digital Elevation Model (DEM) dataset was employed. The Normalized Difference Vegetation Index (NDVI), Soil Adjusted 

Vegetation Index (SAVI), Optimized Soil Adjusted Vegetation Index (OSAVI), Tasseled Cap Greenness, and Land Surface Temperature 

(LST) were utilized for this study. The results of the current study revealed that MSAVI2 is more reliable and accurate in depicting the 

vegetation presence in the IKR, which occupied 34.7% of the total study area in 2014. In terms of terrain variables, all vegetation indices 

responded to variation in aspect ratio. It was found that the densest vegetation exists between 180 and 350°. Mainly, in the South (157.5°-

202.5°), Southwest (202.5°-247.5°), West (247.5°-292.5°), Northwest (292.5°-337.5°), and North (337.5°-360°). In contrast, from the aspect 

ratio point of view, vegetation cover growth was at its maximum status on the shaded side of the mountains, more than on the sunny side. 

Additionally, the adequate slope for vegetation growth in the mountainous lands is 9–17%. Statistically, the LST appeared to have negative 

relationships with vegetation indices and elevation. 
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I. INTRODUCTION 

Geo-informatics is a modern discipline of sciences, which 
integrates acquisition, modeling, analysis, and management of 
spatially referenced data. Most of Geo-informatics are related to 
the use of Remote Sensing (RS), Geographical Information 
Systems (GIS), and Global Navigation Satellite System (GNSS) 
technologies [1]. The remote sensing has the advantage of 
providing a synoptic view and broad area coverage, which 
impart knowledge about conditions on the Earth's surface that 
change in the landscape over time [2, 3]. GIS allows various 
manipulations, including map measurers, map overlay 
transformation, geographic design, and database management 
[4].  

The advancement of information records from satellites is a 
crucial prerequisite to improve our comprehension of 
characteristic and human-instigated changes on the Earth and 
their suggestions [5, 6]. Spectral vegetation indices have been 
utilized to check Earth's vegetative cover utilizing the reflection 

proportions of green vegetation. One of the significant 
applications for far off detecting data is the discovery and 
evaluation of green vegetation. Effectively photosynthesizing 
plants utilize blue and red light as vitality sources. Accordingly, 
they reflect a moderately modest quantity of these wavebands to 
the sensor [7, 8]. Near-infrared vitality is profoundly reflected 
by the cell divider/air interface, which is essential for the inner 
structure of plants. The primary vegetative lists were direct 
proportions of these otherworldly groups, basically utilizing the 
(RED) and the near-infrared (NIR) bands. Throughout the long 
term, new vegetative list models have been intended to 
recognize scanty green vegetation, and all of them are limiting 
impacts of soil reflection splendor, geographical bending, and 
barometrical [9, 10]. Precise assessment of vegetation reaction 
over various year time scales is essential for worldwide change 
[6, 7, 11-15]. 

Studies that discussed the relationship between lightning and 
surface characteristics such as elevation, slope, and vegetation 
are quite limited [16]. Dissing and Verbyla [17] found a positive 
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correlation between elevation and vegetation cover in their study 
in Alaska. Also, Kilinc and Beringer [18] studied the 
relationship between elevation and vegetation density in the 
Northern Territory of Australia. Herrmann, et al. [19] studied the 
relationship between vegetation cover and ecosystems in 
different elevations. They found that vegetation cover responses 
to elevation variation in the wet and dry years, and a positive 
correlation between percentiles of annual NDVI and 
precipitation. The Studies for the relationship between elevation 
and ecology variables are widely available, especially 
investigating how different vegetation types change with climate 
change [20-24]. High elevation increase in vegetation growth 
documented earlier in the European studies [25, 26]. Few studies 
[25, 27, 28] have investigated the spatial patterns of elevation-
dependent vegetation response to climate at a regional scale. 

Currently, Iraq has become one of the most important 
agricultural products consumptive countries in the Middle East, 
mainly with wheat, rice, vegetables, and fruit. The Iraqi 
Kurdistan Region (IKR), the Northern territories of 
Mesopotamia, which consider as a fertile zone, has been under 
investigation by different researchers [6, 28, 29]. Therefore, to 
encourage the local agricultural sectors, there is a need to pay 
attention to the land use planning and the available natural 
resources management. For those reasons, finding an accurate, 
reliable, and realistic vegetation cover index is essential to make 
a better decision and precisest area of fields. The tiniest variation 
in the real result of the vegetation cover should take into 

consideration. Many studies have been done to find the best 
vegetation index with much differentiation in the final results. 
The general goals of this study were to compare the performance 
of five spectral vegetation indices for detecting vegetation 
vitality and investigate their relations with some soil and 
topography variables. The investigated indices were; the 
Normalized Difference Vegetation Index (NDVI), Soil Adjusted 
Vegetation Index (SAVI), Optimized Soil Adjusted Vegetation 
Index (OSAVI), Second Modified Soil Adjusted Vegetation 
Index (MSAVI2), Tasseled Cap Greenness (TCG), and Land 
Surface Temperature (LST). Furthermore, the study aimed at 
stating the statistical relations among the vegetation covers and 
two ecological variables (rain amounts and land surface 
temperature), and three terrain variables (elevation, slope, and 
aspect ratio). 

II. MATERIALS AND METHODS 

A. Location of  the Study Area  

The study area (Fig. 1) includes some parts of Erbil, Duhok, 
Sulaimaniyah governorates of the IKR, and Ninewa 
Governorate in the Northern part of Iraq. It comprises of 13 
districts; Erbil, Shaqlawa, Makhmour, Soran, Akre, Shekhan, 
Amedi, Mergasor, Pshdar, Choman, Rania, Dokan, and Koya, 
which covers an area of 22,546.6 km2. The geographical 
position extends from latitudes 37°:22´:27´´ to 35°:26´:19´´ N, 
and longitudes 43°:02´:43´´ to 45°:23´:13´´ E. 

 

 

 
Fig. 1. Map of the study area and its Landsat color composite (RGB 741) of 2012. 

 

 

B. Physiography of the Study Area 

The IKR is mostly a mountainous area, with the highest peak 
of 3,611.0 m, locally known as Cheekha Dar (black tent). The 
mountains of IKR are part of the Zagros Mountains series, which 

also extends in Iran, bordering the IKR from the East. Several 
rivers are flowing and running through the mountains of the 
region, making it distinguished by its fertile lands, plentiful 
water, and picturesque nature. The Great and the Little Zab 
rivers are flowing from the East to the West through the region, 
while the Tigris River enters Iraq from the IKR after flowing 
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from Turkey [30]. In the Western and Southern parts of the IKR, 
the area is not as mountainous as it is in the East, that it is rolling 
hills and sometimes plains that make up the area; however, it is 
greener than the other parts of Iraq. On the other side, Lake 
Dokan can be considered as the largest lake in the IKR. Besides, 
several smaller lakes in the region, such as Duhok and 
Darbandekhan lakes [8, 31]. The vegetated cover mostly 
consists of grasses flourishes during the winter and spring 
seasons, giving the whole region a green look. In summer, the 
vegetation dries up, and the climate becomes hot and dry [32]. 

C. Climate of the study area 

a) Temperature: Iraq, including its northern part, the IKR, is 
located in a semi-arid region, which is characterized by 

extreme conditions, that has large temperature differences 
between day and night, and winter and summer. In summer, 
the temperature reaches beyond 45 °C in the daytime at the 
Southern boundaries of the IKR, while in the Northern 
edges, it goes down well below 20 °C at night. In the winter, 
daily temperature ranges from about (-15) °C to about 15 
°C. Accordingly, climate of the study area is classified as 
semi-arid continental. In other words, hot and dry in 
summer and cold and wet in winter. The spring and autumn 
are short in comparison to summer and winter [33]. 
Therefore, more temperature variation is noted among the 
different weather station locations (Table I). 

 

TABLE 1. THE MONTHLY AIR TEMPERATURE AVERAGES FOR THE YEAR (2012). 

Table Head 
Months  

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Ave. 

Stations                        

      °C           

Erbil 8.3 9.7 11.5 22.8 27.5 33.3 35.8 34.8 30.8 23.7 17.3 11.0 22.2 

Shaqlawa 4.6 4.7 6.5 15.7 19.6 25.0 28.1 28.0 23.3 19.0 13.6 6.2 16.2 

Makhmour 8.7 11.1 15.0 20.8 26.1 33.0 37.3 35.9 30.9 23.3 13.2 10.2 22.1 

Soran 4.5 6.0 11.5 15.8 20.7 27.8 31.5 30.7 26.2 19.0 9.0 5.9 17.4 

Akre 3.2 8.9 15.9 15.3 22.3 28.7 31.0 29.9 24.3 21.8 11.9 9.0 18.5 

Shekhan 7.2 5.6 10.6 17.2 25.4 34.7 35.2 37.6 33.2 25.4 15.3 12.1 21.6 

Amedi 4.5 5.2 9.8 12.2 18.3 27.5 31.7 31.9 27.8 19.1 9.5 5.0 16.9 

Mergasor 2.8 3.6 4.9 12.4 20.8 26.0 29.4 27.8 25.8 20.5 12.2 5.7 16.0 

Choman -1.0 1.1 6.3 10.3 15.6 22.9 26.4 25.3 21.7 15.0 5.0 1.4 12.5 

Pshdar/Qaladze 5.3 7.1 11.8 16.2 22.6 30.1 34.2 32.7 28.8 10.1 6.5 9.3 17.9 

Rania 6.2 5.0 8.0 11.2 14.5 20.1 24.9 24.7 18.6 12.4 8.9 8.2 13.6 

Dokan 6.5 7.6 9.3 20.0 26.6 32.8 35.4 35.4 31.3 24.9 16.9 10.3 21.4 

Koya 7.5 9.0 13.3 18.3 24.7 32.2 36.1 35.2 31.0 22.8 10.9 11.3 21.0 

 

b) Rainfall: Generally, the rainfall begins from September to June, and it increases from the Southwest toward the Northeast 
direction. The annual rain average starts from 250 mm in the South of the Erbil area to more than 1,200 mm in the high mountains 
bordering Iran in the Northeast and Turkey in the North [7, 12, 33]. Table II shows the monthly rainfall amounts during the 
hydrological year (2011- 2012); however, there is no rainfall in July and August of each year in Iraq, including the IKR. 

D. Digital Image Processing (DIP) 

a) Remotely Sensed Dataset and Preprocessing: Two scenes (path/row: 169/35 and 170/34) of Landsat-7 Enhanced Thematic 
Mapper Plus (TM+) acquired on 7/08/2012 and 14/08/2012 were downloaded from the www.glovis.usgs.gov. A spatial 
resolution of 30 m characterizes the images and they are free of clouds and high quality. Terra ASTER Digital Elevation Model 
(DEM) also has been downloaded to extract the slope, TIN, and aspect information. Preprocessing for Landsat-7 ETM+ and the 
DEM datasets have been done, including the geometric and radiometric calibration as a first step. The second step was the 
correcting of the SLC-off (scan line corrector-off) dataset of the ETM+ using a gap-filling technique with the aid of ENVI Ver. 
5.3. The conversion of the DN values to reflectance values using a module in ENVI software has been achieved. A mosaic of 
the two ETM+ scenes was then produced utilizing the ERDAS Imagine software platform. 
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TABLE II. THE MONTHLY AND TOTAL RAIN AMOUNTS IN THE STUDY AREA FOR THE HYDROLOGICAL YEAR (2011- 2012). 

Table Head 
Months  

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Sum 

Stations                     

      C°        

Erbil 0.0 8.4 8.7 22.0 37.4 30.9 60.4 9.6 11.7 0.0 189.1 

Shaqlawa 0.0 14.0 28.0 33.5 106.0 87.5 167.0 34.5 12.0 0.0 482.5 

Makhmour 3.2 10.6 8.3 17.7 25.3 20.4 26.5 8.0 3.3 0.0 123.3 

Soran 5.2 13.4 43.2 51.3 89.4 81.5 108.3 51.2 17.1 0.0 460.6 

Akre 1.5 6.8 40.1 25.4 114.8 83.6 99.7 12.4 0.5 0.0 384.8 

Shekhan 0.0 4.0 16.0 18.0 109.0 55.0 120.5 9.0 0.0 0.0 340.5 

Amedi 29.0 48.0 66.0 52.0 83.0 98.0 81.0 86.0 3.0 0.0 546.0 

Mergasor 4.0 6.7 60.1 108.8 229.1 271.9 244.2 101.4 24.0 0.0 1,050.2 

Choman 1.0 29.7 45.9 35.4 94.6 102.2 158.5 55.8 11.4 0.0 534.5 

Pshdar/Qaladze 0.0 28.5 39.5 45.5 126.5 143.0 209.0 36.0 7.0 0.0 635.0 

Rania 0.0 21.0 30.5 54.8 114.2 105.5 164.6 31.3 17.8 0.0 539.7 

Dokan 0.2 19.2 32.4 33.1 121.5 71.6 109.6 29.0 4.7 0.0 421.3 

Koya 0.0 12.5 14.5 46.5 158.3 76.0 122.2 32.0 8.0 0.0 470.0 

 

b) Vegetation Indices: The vegetation spectral indices were 
derived from the ETM+ images to highlight and state the 
vegetated cover in the study area, employing the ERDAS 
ERMapper software. The Normalized Difference 
Vegetation Index (NDVI), Optimized Soil Adjusted 
Vegetation Index (OSAVI), Second Modified soil 
adjusted vegetation index (MSAVI2), Tasseled Cap 
Greenness (TCG), and Land Surface Temperature (LST) 
were used in this study as spectral vegetation indices. 
ArcGIS software platform has been utilized for 
processing and classifying the resultant indices into three 
classes layers with a Natural Breaks (Jencks) 
classification method according to vegetation cover 
density. The area of each class was determined using the 
ERMapper. Then, using ERDAS Imagine 2014, the pixel 
reflectance values of all vegetation indices images were 
picked up for well-distributed forty different sites to 
calculate their statistical relations with the other study 
variables. 

 NDVI:  The NDVI is calculated using the two bands 
Red (R) and Near Infrared band (NIR) of the Landsat 
ETM+ image. Rouse, et al. [34] was the first 
researcher who suggested this index.  
  

𝑁𝐷𝑉𝐼 =
(𝑁𝐼𝑅 –  𝑅)

(𝑁𝐼𝑅 + 𝑅)
                      (1) 

        whereas; 
NIR= the reflectance of Near-Infrared band (760-
900)nm. 

Red= the reflectance of Red band (630-690)nm. 

 

 SAVI: Huete [35] proposed the SAVI, which is a 
hybrid between the NDVI and the Perpendicular 
Vegetation Index (PVI). It can calculate using Eq. 2: 

𝑆𝐴𝑉𝐼 =  [
(𝑁𝐼𝑅 −  𝑅)

(𝑁𝐼𝑅 +  𝑅 +  𝐿)
] × (1 +  𝐿)          (2) 

where: 

NIR = the reflectance of Near-Infrared band (760 - 
900)nm. 

R = the reflectance of Red band (630 - 690)nm. 

L = constant. 

L is a correction factor, and its value is dependent on 
the vegetation cover, varying from 0 (close canopy 
cover) to 1 (open canopy cover). For characterizing 
the different facies, the SAVI image was generated 
using L values of 0.25, 0.5, and 0.75. Historically, 
SAVI is the term used when L is set to 0.5 [35]. Also, 
Huete [35] suggested that the value of 0.5 can be used 
when vegetation cover is unknown, as 0.5 represents 
intermediate vegetation cover. In this study, the L 
value of (0.5) has been used. 

 OSAVI: The OSAVI was suggested by Rondeaux, et 
al. [36]. The OSAVI was incorporated to reduce the 
background effect, which was confirmed by [37]. 
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OSAVI is the same as SAVI, with an adjustment 
factor of 0.16. 

𝑂𝑆𝐴𝑉𝐼 =  [
(𝑁𝐼𝑅– 𝑅)

(𝑁𝐼𝑅 + 𝑅 + 𝐿)
] × (1 + 𝐿)           (3) 

 

whereas; 

NIR= the reflectance of Near-Infrared band (760 - 
900)nm. 

R = the reflectance of Red band (630 - 690)nm. 

L = 0.16 (adjustment factor). 

 

 MSAVI2: The Modified Soil Adjusted Vegetation 
Index (MSAVI) and its later revision MSAVI2 are 
soil adjusted vegetation indices that seek to address 
some of the limitations of NDVI when applied to 
areas with a high degree of exposed soil surface. Also, 
it was designed to reduce the influence of soil in the 
image and to enhance the spectral sensitivity for 
concentrated vegetation cover. 

𝑀𝑆𝐴𝑉𝐼2

=
2 × 𝑁𝐼𝑅 + 1 − √(2 × 𝑁𝐼𝑅 + 1)2 − 8 × (𝑁𝐼𝑅 − 𝑅)

2
   (4) 

whereas; 

NIR= the reflectance of Near-Infrared band (760 - 
900)nm. 

R = the reflectance of Red band (630 - 690)nm. 

The problem with the original soil-adjusted vegetation 
index (SAVI) is that it required specifying the soil-brightness 
correction factor (L) through trial-and-error based on the 
amount of vegetation in the study area. Qi, et al. [38] 
developed the MSAVI, and later the MSAVI2 [38] to more 
reliably and simply calculate a soil brightness correction 
factor.  

 TCG: The TCG is one of the Tasseled Cap 
Transformation (TCT) indicators, which were 
initially defined by [39]. It was applied according to 
Eq. 5, and it can be utilized to map the vegetation 
status in the studied area. 

 

𝑇𝐶𝐺 =  𝐵1 × −0.2848 +  𝐵2 × −0.2435 +  𝐵3
× −0.5436 +  𝐵4 × 0.7243 +  𝐵5
× 0.0840 + 𝐵7 × −0.1800                 (5) 

 

whereas; 

B1= Blue, B2= Green, B3= Red, B4= NIR, B5= 
SWIR1, and B7= SWIR2 

 

c) Soil Indices  

 LST: The LST is one of the most important 
environmental parameters used in determining the 
exchange of energy and matter between the surface of 
the Earth and the lower layer of the atmosphere [40]. 
The source of thermal information was the thermal 
infrared band (band six of ETM+ dataset). The 
temperature transformation of the thermal infrared 
band into the value of ground temperature is done 
used the following equations mentioned in [41]: 

  

𝐷𝑁 𝑡𝑜 𝑅𝑎𝑑𝑖𝑎𝑛𝑐𝑒 
=  0.05518 ×  (𝑖1)
+ 1.2378     (6) 

𝑅𝑎𝑑𝑖𝑎𝑛𝑐𝑒 𝑡𝑜 𝐾𝑒𝑙𝑣𝑖𝑛 =
1260.56

log ((
666.09

𝑖1
) + 1)

     (7) 

𝐾𝑒𝑙𝑣𝑖𝑛 𝑡𝑜 𝐶𝑒𝑙𝑠𝑖𝑢𝑠 =  𝑖1 − 273.15      (8) 

whereas;  

i1 = Reflectance value of the thermal infrared band 
(band 6th of Landsat 7 ETM+ image). 

 

E. DEM 

The DEM raster dataset of the study area was used to 
extract the elevation values of each of the forty sites with the 
aid of ERDAS Imagine platform. On the other hand, the DEM 
was processed and analyzed using the ArcGIS 10.3 to produce 
the maps of the Aspect ratio, TIN, Slope, and Elevation 
contour. 

 

F. Statistical Analyses 

a) Correlation Coefficient (r) 

The correlation coefficients (r) were calculated to find the 
strength of the statistical relations among all investigated 
indices, and the DEM-based derived indicators values. For 
this purpose, the Bivariate Correlations (Pearson Correlation 
Coefficient) was adopted to find which variables are 
statistically related to each other. To find the values of the 
vegetation maps and other variables in certain places inside 
the study area to be representative, forty sites (points) have 
been selected to pick the values of all studied variables 
(vegetation indices, ecological, and terrain indicators). It is 
vital to measure how those two variables (vegetation and 
terrain variation) simultaneously change together [42]. 

 

III. RESULTS 

A. Spectral Indices  

a) Soil Indices  

The LST map (Fig. 2) revealed that the temperature tends 
to increase from the Northeast toward the Southeast. Whereas 
the mountainous area is characterized by lower surface 
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temperature, then temperature begins to increase wherever 
moving toward the plains area gradually. Thus, an increase in 
land elevation results in a decrease in the LST. Also, the 
vegetative cover had a lower temperature than bare soil. Fig. 
2 shows that the Southern part of the study area’s LST map 
(appeared in orange) had surface temperature ranged between 
50-54 °C, which is lower than the LST of the middle part 
(appeared in red) of the IKR. In contrast, the surface 
temperature ranged between 54-58 °C. Generally, the 
differences in the temperature because of the variation of the 
elevation. As mentioned above, the surface temperature is 
decreasing toward the Southeast due to the elevation 
decreasing, but, in the South part of the study area, more 
accurately in Makhmoor district, it appears that this area has a 
lower temperature, although it has a lower elevation. This is 
due to that area contain a high amount of Calcite (CaCO3) in 
the soil and enormous numbers of Calcite mines comparing to 
the other parts. Furthermore, the soil colors of that area 
trending to be brighter in most places. Therefore, the 
reflectance increase, then the temperature decreases [43]. 
Statistically, the LST had significant negative correlations 
with the all studied vegetation indices and DEM in this study. 

 
Fig. 2. The LST classes map of the study area for the year 2012. 

 

b) Vegetation Indices 

Five vegetation indices were achieved and employed to 
depict the spatial distribution of the vegetated cover. This 
study aimed to compare and investigate which of the five 
spectral indices is the most reliable and more accurate to be 
efficiently used for mapping and stating the vegetative cover 
vitality across the study area. 

 NDVI: The NDVI is used to investigate the vegetation 
cover health in the study area. Its result is presented in 
Fig. 3 and Table III, whereas the area of the vegetation 
covers was 8,079.9 km2, accounting for 35.8% of the 
entire study area. The spatial distribution of the 
NDVI-based vegetative cover appeared the densest 
vegetation level has existed in the Northwestern part, 
which contains a fluctuated mountainous area with 
high elevation, gradually decreasing toward the 
Southeast while sharply dropping toward the South. 

 

Fig. 3. The NDVI-based vegetation cover density classes in the study area. 

 

 SAVI: The SAVI-based vegetation map is presented 
in Fig. 4. It showed that the vegetation cover in 2012 
was 3,247.1 km2, accounting (14.4%) of the entire 
study area. The area of each class was determined, as 
shown in Table III.  The results also revealed that the 
vegetation cover’s area detected by SAVI is lower 
than that detected by the other vegetation indices. 
SAVI depicted more dense vegetated area in the 
Northwest part and less in the South and Southeast 
parts of the IKR. 

 

 
Fig. 4. The SAVI-based vegetation cover density classes in the study area. 

 OSAVI: The OSAVI map (Fig. 5) showed that the 
vegetation cover area was 9,296.7 km2, accounting 
(41.2%) of the total study area. Area of each class was 
computed and presented in Table III. Results of the 
OSAVI-based vegetation cover is the highest one in 
terms of area of vegetation cover. The spatial 
distribution of OSAVI-based vegetation cover is very 
close to that of NDVI, with some variations in the 
dense vegetation cover in the edge of the study area 
located in the Southeast parts. 
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Fig. 5. The OSAVI-based vegetation cover density classes in the study area. 

 

 MSAVI2: MSAVI2 is another vegetation index 
produced using ERDAS platform, while ArcGIS is 
used to produce its map (Fig. 6) as the other maps in 
this paper. The coverage area of the vegetation based 
on MSAVI2 was 7,833.0 km2, accounting (34.7%) of 
the total study area. Table III shows the vegetation 
density classes and the area of each class. It was clear 
that the dense vegetation cover is concentrated in the 
Northwestern part of the study area, while poor and 
sparse vegetation are located in the middle and 
Southeastern parts. 

 

 

Fig. 6. The MSAVI2-based vegetation cover density classes in the study area. 

 

 TCG: The TCG is a greenness indicator of the tasseled 
cap transformation, which is utilized in this study for 
vegetation cover extraction in the IKR. The total area 
of vegetation cover based on the TCG (Fig. 7 and 
Table III was 5,976.7 km2, accounting (26.5%). This 
index detected almost the same vegetation density 
spatial distribution pattern. Poor vegetation was found 
spreads in the Eastern part, and more sparse 
vegetation exists in the Southern and Southeastern 
parts. 

  
Fig. 7. The TCG-based vegetation cover density classes in the study area. 
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 Fig. 8 The TIN map of the study area. 

B. DEM 

Most studies that employed remote sensing data were 
concentrated on two-dimensional horizontal patterns. Only a 
few ones focused on effect of elevation on the vertical 
distribution of vegetation in mountainous areas [44-48]. The 
current study attempted to investigate both the vertical and 
horizontal vegetation distribution in the study area. Elevation 
had a significant role in this approach by affecting several 
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variables influencing the vegetation growth. For this reason, 
maps of TIN, aspect, and slope (Fig.s 8-10) were achieved 
utilizing the DEM dataset to investigate their statistical 
relations with the spectral vegetation and soil indices. The 
study results showed that the topography variable is the most 
influencing vegetation growth (Table IV).  

 
Fig. 9 The Aspect ratio map of the study area. 

 
Fig. 10 The slope map of the study area. 

C. Statistical Analysis 

a) Statistical Correlations Among the Studied Indices and 
DEM  

Table IV shows statistical correlations among the 
vegetation indices, LST, and the DEM. The results revealed 
significant positive correlations among the DEM, and each of 
the vegetation indices, while a significant negative 
relationship is found between the LST and each vegetation 
indices. These results indicate that an increase in elevation 
causes a decrease in LST then an increase in soil moisture 
content, leading to an increase in vegetation cover. LST 
decreases with elevation increasing occurred at a fairly 
uniform rate of about 6.4 °C/km [49]. Also, the DEM had a 
significant negative correlation with LST by (-0.575). On the 
other hand, it is found significant positive correlations among 
MSAVI2 and each of TCG, SAVI, NDVI, and OSAVI. In 

areas where vegetation is dense, the LST never rises above 35 
°C. NASA, 2014 reported that the hottest land surface 
temperatures on the Earth are in deserts and bare lands. 

TABLE IV. THE CORRELATION COEFFICIENTS VALUES AMONG STUDIED 

INDICES AND THE DEM 
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MSAVI2   0.748(**) 0.770(**) 0.760(**) -0.470(**) 0.857(**) 

TCG    0.937(**) 0.932(**) -0.397(*) 0.686(**) 

SAVI     0.995(**) -0.487(**) 0.685(**) 

NDVI      -0.494(**) 0.671(**) 

LST       0.450 (**) 

 

IV. DISCUSSION 

The study results pointed out that the dense and moderate 
dense vegetation classes are spread out in the Northwestern 
part of the study area. At the same time, they gradually 
decreased toward the Southeast and the Southwest parts. This 
shrinkage in the vegetation density can be ascribed to the 
unfavorable climatic conditions for vegetation growth in the 
study area. From the rain point of view, the increase in rain 
averages encourages vegetation growth, leads to vegetation 
density increase. This result was also is stated by Hashemi 
[50]. 

Moreover, based on the TIN maps (Fig. 8), it is noticed 
that the elevation decreasing coincide with the reduction of the 
vegetation cover density. The mountainous terrain is 
characterized by high elevation (around 2,000 meters above 
sea level). Generally, the mountains in the IKR, are 
characterized by their great heights in the North and 
Northeastern parts, while their heights gradually decrease 
towards the South and Southwest. Statistical analysis results 
showed significant positive correlations between the DEM 
values (elevations) and all vegetation indices. In more detail, 
LST appeared negative correlations with DEM, TCW, and all 
studied vegetation indices. This trend explains that an increase 
in elevation causes a decrease in land surface temperature, 
which subsequently causes a rise in soil/vegetation moisture 
and offer a suitable local environment for vegetation growth. 

All vegetation indices had been significantly responded to 
the aspect ratio variations. The results revealed that densest 
vegetation is spread in the sites between 180 to 350°. In detail, 
it is located in the South (157.5-202.5°), Southwest (202.5-
247.5°), West (247.5-292.5°), Northwest (292.5-337.5), and 
North (337.5-360°) as presented in Figure 9. The results also 
showed that MSAVI2 was the most vegetation index highly 
responded to the aspect ratio than the other vegetation indices, 
whereas MSAVI2-based vegetative cover extends between 
340° Northwest and 70° Northeast, as reported in [51]. The 
aspect ratio results disclosed that the maximum growth of the 
vegetation cover was at the shaded side of the mountains in 
the study area more than the sunny side, whereas more dense 
vegetation cover is noticed on the shady side. 
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On the contrary, much less evapotranspiration process is 
expected, which is essential for vegetation growth, is mainly 
noticed when the mountains are located in a semi-arid region 
[51]. Slope of the study area was characterized by more 
variation (Fig. 10), whereas more dense vegetation cover is 
detected at slope 9-17° in the mountainous area. Also, 
MSAVI2 was the most index reacted to the slope and the 
aspect ratio.  

In terms of LST (Fig. 2), it is evident that the vegetation 
cover presence is negatively related to the LST. Whereas from 
the Northeast to the Southwest direction, the LST increase was 
obvious, concomitant with diminishing vegetation cover. 
Several environmental factors control vegetation cover 
growth and its spatial distribution, such as topographical 
factors and their influence on climate conditions [52]. 
Statistically, the results revealed a significant negative 
correlation between LST values and all vegetation indices, as 
previously mentioned in this paper. Gillies, et al. [2] stated that 
the relationship between soil moisture, NDVI, and LST could 
be called a “Universal Triangle”. Furthermore, elevation, 
aspect, and slope are three main topographic factors that 
control vegetative cover distribution in mountainous areas [2]. 
Among these three factors, elevation is the most crucial factor 
[53, 54]. 

Among all vegetation indices utilized in the current study, 
the OSAVI (Table III) has detected the higher vegetative area 
in the study area, which revealed that it is more sensitive to 
vegetation than the other indices.  Nevertheless, MSAVI2 was 
the most reliable and efficient vegetation index in detecting 
the sparse vegetation. Validation of the study results is proved 
the capabilities of the studied vegetation indices in mapping 
vegetation presence and vegetation vitality in different sites of 
the study area. Moreover, our study results revealed that the 
MSAVI2 was the most vegetation index associated with 
aspect ratio and slope changing. Li, et al. [55] also considered 
MSAVI2 as the most efficient vegetation index, whereas it is 
designed to reduce the influence of soil in the image and to 
enhance the spectral sensitivity for concentrated vegetation. 

V. CONCLUSIONS 

In this paper, we investigated and compared performance 
of five spectral vegetation indices in the study area located in 
the IKR. The results revealed that MSAVI2 could be 
considered a reliable vegetation index, which can be 
efficiently utilized to explore the vitality and existence of 
vegetative cover in the semi-arid lands. This consideration is 
concluded due to its capabilities in sensing the sparse 
vegetation cover and canceling the noises from non-vegetated 
features in which the current study has been validated in situ. 
Besides, the results revealed that dense vegetation is spreading 
in the Northwest part of the study area and gradually 
decreasing toward the South and Southeastern parts. 
Vegetation shrinkage could be ascribed to decreasing in 
elevation and rain amounts associating with an increase in 
land surface temperature. 

Furthermore, dense vegetation cover is found on the shady 
sides of the study area’s mountains more than the sunny side. 
On the contrary, this study is concluded that slope has a 

significant role in vegetation distribution. Moreover, areas 
with slopes around 10° appeared the best one to retain 
rainwater in the soil, and eventually, increase soil moisture 
necessary for vegetation growth in the mountainous area. An 
elevation increase could reduce surface temperature 
associated with rain amounts increase, which consequently 
offers suitable conditions for dense vegetation growth and 
existence. However, this study results could support future 
work to incorporate soil properties field measurements, and 
satellite time series dataset for more detailed investigation on 
this topic.  
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