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Through the analysis of the digital elevation model (DEM) of the search area, it was
found that the search area is located within a mountainous region with a complex twisting,
as the surface has been classified into five regions of elevations, among which the first
region represents the lowest elevation lands, and extends an area of 118.7 km? It equates
to (22.6%) of the total area, while the largest region is the second region, occupying an
area of (187.9) km?, 36% of the total area of the region, while the regression categories
were divided into five levels depending on the classification of (Zink) It turns out that the
Fifth Region is the most complex of the regions, and it includes the summit of Mount
Hendrin, the summit of Mount Karukh. As for the characteristics of the direction of the
slopes, nine slope directions of varying areas were found. As for the density of vegetation
coverage according to (NDVI), we find that the NDVI index in the research area is
divided into three levels of plant density, as the second level, i.e. average density,
recorded the largest area at about (344.8) km?, equivalent to (66.1%) of the area the
college. Which is characterized by the topological complexity of the surface, which
makes it the most suitable areas for pastoral activity, while the higher density in relation
to vegetation coverage was more widespread in the first and second steep categories by

about (2.5, 9.8) km?, i.e. (21.6%, 24.3%) of the total area.

1. INTRODUCTION

Topography has an important role in its impact on the
overall life above the surface of the earth, Modeling has an
important role to play in understanding the nature of the terrain
and its characteristics from height, slope and direction of the
slopes of the slopes helps to know the variation of vegetation
density and then determine the type of relationship Between
topographic characteristics and vegetation [1-3]. The
difference in the nature of the surface topography in terms of
elevation and subsidence naturally leads to the diversity and
variation of the biological life of the vegetation and is a major
factor in relational modeling between the distribution of the
degree of plant density and its quality from one place to
another according to the height factor above sea level [4-6].
As for the degree of slope, it has a direct effect on the type and
density of vegetation cover, as the greater the degree of slope,
the greater the strength of soil erosion and erosion and the
instability and stability of soil particles, which is reflected in
the scarcity of the vegetation cover, and the slower the degree
of slope, the lower the rate of soil erosion and erosion and the
greater the density of the cover Vegan [7, 8]. Whereas, the
direction of the slopes of the slopes determines the type and
distribution of vegetation density through the influence of the
angle of incidence of sunlight and its shade on the slopes with
different directions [9, 10].

The study problem was as following:
e The topographic characteristics of Rawanduz district
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affect the type and distribution of vegetation density.

e What is the nature of the relationship between the
topographic characteristics and the density of
vegetation cover and its spatial distribution?

e The research aims to study the extent to which the
terrain affects the type and distribution of vegetation
density based on remote sensing data and GIS
techniques.

The Research included several hypotheses, as following:

e The topographic characteristics have a clear effect on
the type and distribution of vegetation density in
Rawanduz district, it consists of five categories of
heights.

e The strong relationship between the vegetation
coverage index and the terrain characteristics of the
area represented by a factor (elevation, slope, slope
direction).

e Through relational modelling, the extent to which the
terrain affects the type and distribution of vegetation
density in the region is shown.

2. RESEARCH METHODOLOGY

The research is based on the use of analytical and
quantitative method [11, 12], in studying the research area by
using modern techniques to analyze the terrain nature of the
area based on digital data from space sensors.


https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.160410&domain=pdf

2.1 Data and software used in the research 2.2 Limits of the study area

1. The digital elevation model (DEM) with a Rawanduz district is located in Erbil governorate within the
distinguished resolution (30 x<30) meter. northeastern part of Iraq between latitude (36 <26'34 "N) and

2. Remote sensing data for the multispectral LAND SAT (36 ©42'43" N) and longitude (44 <27'28 "E) and (44 =53 ") 2
LC 8 satellite captured on 7/2/2020. "E) with an area of (522.3) km?, Figure 1.

3. Arc Map v 10.4.1. and ERDAS IMAGINE 2014.
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Reference: Based on: The Republic of Iraq, Ministry of Water Resources, Public Survey Directorate, Map of Iraq and Erbil Administrative Governorate, for the
year 2019, scale (1/1000000).

Figure 1. The location of Rawanduz district of Erbil and Iraq
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Reference: Depending on the digital elevation model (DEM), with distinct accuracy (30 ><30) meters, and the outputs of Arc Map 10.4.1.

Figure 2. Altitude ranges of Rawanduz district
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Firstly: Topographic characteristics of Rawanduz District

1. Altitude characteristics of sea level.

Through the analysis of the digital elevation model (DEM)
of the search area, as shown in Figure 2 and Table 1, we find
that the search area is located within a simple and complex
mountainous area, and therefore the surface [13], has been
classified into five regions of heights distributed as follows.

Table 1. Elevation areas with the percentage of Rawanduz

district
Categories of height in meters  The area is km?  percentage

533-956.4 118.7 22.6%

956.5 - 1,380 187.9 36.0%

1,381 - 1,803 1335 25.6%

1,804 - 2,227 50.4 9.7%

A, 228 - 2,650 31.8 6.1%

Total 522.3 100%

Source: Based on Figure 2, and Arc Map 10.4.1.

A- The first region between (533 - 956.4)

It represents the less elevated lands, as it extends within the
northern and northeastern parts of the search area with an area
of 118.7 km?, equivalent to 22.6% of the total area.

B- The second region between (956.5 - 1,380)

This region occupies more area than the rest of the regions
with an area amounting to (187.9) km?, i.e. 36% of the total
area of the region, and extends almost to most parts of the
study area.

C- The third region between (1,381 - 1,803)

This region constitutes an area of (133.5) km?, that is,
(25.6%) of the total area of the region. It is mainly
concentrated in the center and south of the research area, and
it is characterized by being more milled than the previous two
regions, as there are a number of mountain peaks such as the
summit of Jabal Sahri Bay and the summit of Jebel Jayara.
Shakan and the summit of Mount Darka, the summit of Mount
Gobi Dundee and the summit of Mount Sri Yanawan.

D- The fourth region between (1,804 - 2,227)

This region constituted a ratio of (9.7%) and an area of (50.4)
km? of the total area, and it is located in the center and
southwest of the research area, and it also includes a number
of mountain peaks such as the summit of Mount Petrichen and
the summit of Mount Sri Daruki.

E- Fifth Region between (2,228 - 2,650)

This region is located in the middle and south of the research
area, and this region occupies the least area as it amounted to
about (31.8) km?, and by (6.1%). It is the most complex region,
and the summit of Mount Hendrin includes the summit of
Mount Karukh.

3. REGRESSION PROPERTIES

Through Figure 3 and Table 2, the regression categories
were divided into five levels, depending on the classification
of (Zink), as follows:

A- The first level - flat - flat between (0 - 1.9) degrees

This level represents the smallest area, reaching (11.6) km?,
and by (2.2%), and is concentrated mainly in the northern parts
and appears in the form of mountainous plains and valleys, and
this range is considered one of the most suitable places for
human activity.

B- The second level - slight ripple between (2 - 7.9) degrees

This level extends over an area of (7.7%), equivalent to
(40.4) km?, as it overlaps with the rest of the levels and is
concentrated at the river plains and the foothills and feet of the
mountains.

C- The third level - wavy between (8 - 15.9) degrees

This level occupies an area of about (120.8) km?, with a rate
of (23.1%), and appears in the form of low hills in different
parts of the search area.

D- The fourth level - segmented - disaggregated between
(16-29.9) degrees

This level occupies the largest area by about (223.1) km?,
and (42.7%) of the total area, as its lands are steep, extending
in most parts of the region, as it is noted that there are high
hills with steep slope.

E- Fifth level - cut in a high degree between (30 and more)
degrees

The lands of this level are characterized as high, rugged,
steep mountainous lands that extend throughout the search
area, and constitute an area of (126.4) km?, and a percentage
(24.3%) of the total area.

Table 2. Regression characteristics of Rawanduz district according to Zinc classification

Sprocket shape Height classes The area is km?
Flat - flat 0-19 11.6
Slight ripple 2-79 404
crispy 8-159 120.8
Chopped - segmented 16 - 29.9 223.1
Cut to a high degree +30 126.4
Total - 522.3

Reference: Ameer Abed Al-Dulaimi, (Geomorphological Analysis of Ground Slopes in Shaglawa and Its Effect on the Population Activity by the Use of Remote
Sensing R.S and Geographic Information System G.I.S), Ph.D. thesis (unpublished), College of Education for Human Sciences, Anbar University, 2018.
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Reference: Depending on the digital elevation model (DEM), with an exceptional resolution of (30 ><30) meters, and the outputs of Arc Map 10.3.

Figure 3. The regression characteristics of Rawanduz district according to zinc classification
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Reference: Based on the digital elevation model (DEM), with a distinct accuracy of (30 x 30) meters And Arc Map 10.3 program outputs.

Figure 4. Characteristics of the direction of the slope of the district of Rawanduz

4. THE CHARACTERISTICS OF THE SLOPE
DIRECTION

It is noticed from Figure 4 and Table 3 that there are nine
declining directions. The first value with the surface level was
the lowest, as it reached an area of about (8.8) km?, i.e. a rate
of (1.7%) While the lands with a northern, northwestern,
northern and eastern direction recorded an area of (58.8, 55,
60.3) km?, equivalent to (11.3%, 10.5%, 11.5%) respectively
As for the lands with a south, southwest and southeast
direction, they recorded an area of (54.4, 73.1, 46.4) km?, and
(10.4%, 14% and 8.9%) respectively. Whereas, lands with a
western orientation recorded the highest percentages by about
(20.2%) and an area of (105.3) km?, while lands with an
eastern direction reached (60.2) km?, and by (11.5%) We
conclude from this that most of the lands of the research area
are located in directions facing the fall of rain, especially the
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slopes with a southern, eastern and southeastern direction,
which receive more water than rain, which helps the growth of
natural vegetation at a greater density than other directions.

Table 3. Characteristics of the steepness of the Rawandoz
district

Slope direction The areais 2 km percentage

Flat (-1) 8.8 1.7%

North (0-22.5) 58.8 11.3%
Northeast (22.5-67.5) 60.3 11.5%
East (67.5-112.5) 60.2 11.5%
Southeast (112.5-157.5) 46.4 8.9%
South (157.5-202.5) 54.4 10.4%
Southwest (202.5-247.5) 73.1 14.0%
West (247.5-292.5) 105.3 20.2%
Northwest (292.5-337.5) 55.0 10.5%
Total 522.3 100%

Source: Based on Map (4), and Arc Map 10.4.1




5. VEGETATION COVERAGE DENSITY (NDVI)

This indicator is used to measure the density of vegetation
cover [14], and the degree of greenness, as its value ranges
between (-1, +1).

As positive values indicate the presence of vegetation cover,
while negative values indicate little or no vegetation cover (1).
The vegetative difference index can be calculated based on the
following expression [15]:

NDVI =NIR - RED / NIR + RED

NIR = Band 5 of the 8 Landsat satellite.
RED = Band 4 on the 8 Landsat satellite.

Through Figure 5 and Table 4, we find that the NDVI index
in the research area is divided into three levels of plant density
as follows.

Table 4. The values of the vegetation cover density NDVI
for Rawandoz

Density type NDVI The area is 2 percentage
value km
tenuous 0.1 or less 84.3 16.1%
Medium 0.2-0.3 344.8 66.1%
density
Dense 0.4 or more 93.2 17.8%
Total - 522.3 100%

Reference: Based on figure (5), and Arc Map 10.4.1
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Figure 5. NDVI vegetation density for Rawanduz district

A- The first level - low density 0.1 or less

It occupies the least area among the other levels, as it
reached (84.3) km?. And by (16.1%) of the total area. The
sparsely populated areas are concentrated in the steep slopes
and cliff foothills as well as the mountainous peaks regions
that are characterized by their hard rocks and shallow
thickness of their soils due to erosion processes.

B- Second level - average density 0.2 - 0.3

The area occupied by this level reached the largest area at
about (344.8) km?, equivalent to (66.1%) of the total area. It
was characterized by the topological complexity of the surface,
which makes it the most suitable area for pastoral activity.

C- The third level - dense 0.4 or more

It is the densest level in vegetation cover, with a rate of
(17.8%), and an area of (93.2) km?. As it is noticed through the
Figure 5 that the dense vegetation levels were concentrated in
the mountainous plains and valleys of the search area, and the
reason for this is due to the abundance of water accumulated
from the fall of rain and melting snow in those places, as well
as the fertility of those soils, due to their regeneration as a
result of erosion. The rainy waters of the slope areas, leading
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to the accumulation of fertile sediments in the mountain plains
and valleys.

Secondly - Matching the vegetation index with the
topographic factors

By relying on the (Union) tool in the (Toolbox) through the
(Arc Map 10.4.1) program, a matching process was carried out
between the vegetation coverage index and the area
deformation factor, which includes (height, slope, slope
direction) in the search area, the following results were found.

5.1 Matching the vegetation coverage index with the height
factor

Through the analysis of the cartographic models Figure 6
(6a, b, ¢, w, and t) and Table 5 it is noticed that the area of
vegetation cover varies according to the height factor above
sea level, as the least dense category of vegetation is spread
over the largest area within the lowest category By about (31.5)
km?, and by (26.5%) of the total area of the first category, the
area gradually decreases with the increase in the height of the
area until it reaches the lowest area in the fifth category.



Table 5. Matching the vegetation coverage index with the height factor for Rawanduz

Categories of height in meters Low density  Medium density Dense
is km? % km? % km? %
533-956.4 315 265% 69.6 58.6% 176 14.9%
956.5 - 1,380 22 11.8% 1271 676% 388 20.6%
1,381 -1,803 151 113% 883 66.2% 30.1 22.5%
1,804 - 2,227 108 215% 354 70.2% 4.2 8.3%
2,228 - 2,650 4.9 154% 244 76.7% 2.5 7.9%
Total 93.2 344.8 84.3

Reference: Based on cartographic figures (6a, b, ¢, w, and t), and Arc Map 10.4.1
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Figure 6. Cartographic models (6a, b, c, w, t) matching the vegetation coverage index with the height factor of Rawanduz district

As for the medium-density group of plants, the largest area
of spread within the second category of height reached (127.1)
km?, a percentage (67.6%) of the area of the second category
and the lowest within the highest category as for the densest
category of vegetation coverage, it is more widespread in the
second category of elevation, with an area of (38.8) km?,
equivalent to (20.6%) of the area of the second category, and
the least prevalent within the highest category. We conclude
from this that there is an inverse relationship between the
spread of vegetation cover and the height factor, as the first,
second and third categories are more prevalent than the fourth
and fifth categories, that is, the higher the height, the less
vegetation density and vice versa [16], and the reason for this
is due to the shallow thickness of the soils in the regions of the
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mountain peaks. For strong erosion, snow accumulated most
days of the year on high places, which prevented the plants
from growing thickly.

5.2 Matching the vegetation coverage index with the
regression factor

When performing the matching process between the
vegetation coverage index and the degrees of regression, it was
found through the cartographic models Figure 7 (7a, b, c, w,
and t) and Table 6 that the area of vegetation cover varies with
the different degrees of slope. The largest among the least
steeper category, with an area of (4.8) km?. That is, a rate of
(41.3%) compared to the area occupied by the first category as



for the second category of medium density vegetation
coverage, it spread more in the fifth category with (72.8%),
that is, an area of (92) km?, of the area of this category. As for
the higher density in relation to vegetation coverage, it spread
more in the first and second gradients by about (2.5 and 9.8)
km?, i.e. a rate of (21.6% and 24.3%) of the total area of each
class, respectively.

Based on the above, we conclude that low-slope areas have

thicker soil than areas with steep slope, depending on the
factors of erosion and erosion that occur to the soil, meaning
that the relationship is inverse between the density of
vegetation and the degree of land slope despite the high
percentage of vegetation cover, especially the middle class.
The vegetation cover falls within the regression category (16-
29.9) and (+30) due to its large area compared to the rest of
the other regression categories.
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Figure 7. Cartographic models (7a, b, ¢, w, t) matching the vegetation coverage index with the regression factor of the Rawanduz
district

Table 6. Matching the vegetation coverage index with the regression factor for Rawandoz

Sprocket shape Height in meter Low density Medium density Dense
km> % km? % km> %
Flat - flat 0-19 48 413 4.3 37.1 25 216
Slight ripple 2-79 11 27.2 19.6 48.5 9.8 243
crispy 8-15.9 217 180 79.8 66 19.3 16.0
Chopped - segmented 16 -29.9 28.9 13.0 149.1 66.8 451 20.2
Cut to a high degree +30 179 141 92 728 165 131
Total 83.2 344.8 93.3

Reference: Based on cartographic models (7a, b, ¢, w, and t), and Arc Map 10.4.1.

5.3 Matching the vegetation coverage index with the trend
factor of the regression

When performing the matching process between the
vegetation coverage index and the gradient direction factor of
the terrain and according to the area occupied by each species,
as shown in the cartographic models Figure 8,9 (8a, b, ¢, w, h,
t, X, d, y) and Table 7 it is noticed that the category The least

dense vegetation cover extends more in the south, southwest
and west directions by about (10.4, 14.9, 18.2) km?, and by
(19.1%, 20.4% and 17.3%), respectively. As for the medium-
density category in its vegetation cover, we find it widely
found within all types of slope directions, ranging from its
lowest value in flat slope areas by (58%) and its highest value
in the areas of the northeastern slope with (70%) of the total
area of the class. While the densest category in its vegetation
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cover is in the eastern and southeastern slopes by about (15.7, especially the denser vegetation coverage due to the direct
9.7) km?, and by (26.1%, 20.9%) of the total area of each relationship between the amount of rain falling and the
category. Through this, we find the spread of vegetation cover increase in the natural plant density on these slopes.

more in the slopes of the eastern and southeastern direction,
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Reference: Based on figures (4, 5), Arc Map 10.4.1.

Figure 8. Cartographic models (8a, b, ¢, w, t, h) matching the vegetation coverage index with the regression factor of the district
of Rawanduz

Table 7. Matching the vegetation coverage index with the regression factor of Rawanduz district

Slope direction Low density Medium density Dense
km?> % km? % Thkm? %
Flat 1.9 215 5.1 58.0 1.8 20.5
North 7.1 12.1 40.6 69.0 111 18.9
northeast 7.6 12.6 42.2 70.0 105 17.4
the East 8.1 135 36.4 60.5 15.7 26.1
southeast 6.6 14.2 30.1 64.9 9.7 20.9

the South 104 191 35.3 64.9 8.7 16.0
Southwest 149 204 48.2 65.9 10 13.7
the West 182 173 71.4 67.8 15.7 14.9
North West 95 173 355 64.5 10 18.2
Total 84.3 344.8 93.2
Reference: Based on cartographic models (863, b, ¢, w, c), and Arc Map 10.4.1.
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6. RESULTS

1. The research presented an example of the importance of
using remote sensing techniques and geographic information
systems in detecting the density of vegetation coverage
(NDVI), It turns out that the topographic characteristics of
Rawanduz district affect the type and distribution of
vegetation density, as the least dense category of vegetation is
spread over the largest area within the lowest category By
about (31.5) km?, and by (26.5%) of the total area of the first
category, the area gradually decreases with the increase in the
height of the area until it reaches the lowest area in the fifth
category.

2. Classification of the surface into five regions for heights,
among which the first region represents the lands of the lowest
elevation, and extends over an area of (118.7) km?, equivalent
to (22.6%) of the total area.

3. The largest region in area is the second region, and it
occupies an area of (187.9) km?, that is, 36% of the total area
of the region.

4. The density of vegetation coverage according to (NDVI).
| found that the NDVI index in the research area is divided into
three levels of plant density. The second level, ie the average
density, recorded the largest area at about (344.8) km?,
equivalent to (66.1%) of The total area. Which is characterized
by the topological complexity of the surface.

7. RECOMMENDATIONS
1. You must rely on appropriate representation methods and

methods consistent with the characteristics of the map that are
accurate, clear and easy to classify according to NDVI.

2. The necessity of adequate attention to investing in the
direction of the slopes, as it can be invested in the fields of
generating solar energy and exploiting it in the agricultural
side that suits it.

3. When the direction of the slopes is known, it gives a great
possibility to avoid the dangers of the movement of earth
materials and mudslides on human settlements and main roads,
especially those whose direction is towards city centers and
village clusters located in front of the direction of these slopes.

4. Paying attention to the distribution of human uses in a
way that suits each class, and the possibility of investing them
in human activity that suits them, whether it is human
settlements or agricultural or pastoral uses.
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