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Gully erosion is the most significant environmental threat in the field of WL A
natural resource management. Recently, one of the complexities of soil erosion =
studies in Iraq is the lack of information on the location of gullies, As well as 2021/9/16 ¥l f)ls
relying on traditional methods in studying this type of erosion. The objective of 2021/10/14  : Jyuasdl fyls
this paper is to develop an adaptive tool for estimating gully erosion levels 2021/10/20  :, 41 Joid
based on Python .and n_10du|ar building in ArcGIS environment. This tool can 2021/11/20 el e ,5sis
be used for dealing with the stream network and calculate the length of the
valley, as well as divide the lengths of the Stream into squares of grid and then s lial | LI
determine and mapping the levels of gully erosion. The proposed methodology Gully erosion,

with the adaptive developed tool has been applied to compute the gully erosion
levels in a Duhok basin which is located northeastern of Dohuk governorate-
Kurdistan region and covers about (404.8) km2. To estimate erosion levels, the
study area was divided into equal squares using the fishnet tool, then the
Bergsma equation was applied after extracting streams and calculating areas.
The developed tool was created based on the two factors, the one related to
stream network density, while the second depends on the cell size. To achieve
that, multi-threshold values were tested for each factor. The finding revealed
that there are levels of gully erosion, which were classified into seven classes.
Also, the results also supported the control of the geological and topographic
factors on these levels. The developed tool also gave high efficiency in
classifying erosion levels, and the possibility of applying it in other areas.

Module builder,
Bergsma method,
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1. Introduction:

Soil erosion is a natural process formed , in
general, by global climate changes, and can be

impacts for example rivers sedimentation.
(Dwivedi et al., 1997); (Eswaran et al., 2001).

=¥ IFre

controlled by the following factors such as water,
wind, and ice (Ritchie, 2000), (Valentin et al.,
2005). Gully or Soil erosion caused by water is
common land degradation because of its
destructive on-site landform impacts for example
loss of soil productivity and quality and off-site
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Although soil erosion represents a natural process,
at the same time, it may be accelerated by human
processes or activities, and this can be made by the
clearing of vegetation or overgrazing (Snyman,
1999). Soil erosion is created from the water
impact, which depends on the interactive and
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combined effects of multi erosion control factors,
which are: rainfall erosion, soil erodibility, slope
steepness, slope length. There are three main types
of soil erosion created by water effects, these types
include sheet, rill, and gully erosion. In this
context, Sheet erosion is the segregation and
transportation of soil particles that exist as a result
of rain-splash and terrestrial flow (Garland et al.,
2000). Rill erosion works to remove the soil in
small channels, while gully erosion removes the
soil in large channels and being the most severe
type. Gully erosion mapping is important to
identify areas, improved distribution, and
capabilities, define the magnitude of erosion,
quantify the process size, estimate changing rates
in the soil as well as predict environmental
characteristics in the soil (Taruvinga, 2009),
(Korzeniowska & Korup, 2016). Most of the
previous studies focus in the gully erosion and
works to design mapping approaches by using
remotely sensed data and GIS. For example,
(Bergsma, 1982) was used aerial photography as
an essential tool in drawing gully erosion maps.
Other researchers based on satellite imagery to
detect gully erosion and prepared related maps of
this type of erosion (Giordano & Marchisio,
1991). Soil erosion can be estimated using simple
empirical methods like universal Soil Loss
Equation (USLE) and physically based models like
the European Soil Erosion Model (EUROSEM). In
addition, modern technologies can help to detect
and monitoring soil erosion like Remote Sensing
and Geographical Information System as
examples (Gull & Shah, 2020); (Chuenchum et al.,
2020); (Senanayake et al., 2020)). In large areas,
the integration of remote sensing and geographic
information system techniques consider as good
application for estimating soil erosion and its
spatial distribution taking into account reasonable
time, costs and accuracy (Gunawan et al., 2013);
(Alexakis et al., 2013)). For example, soil erosion
risk was assessed based on a simplified version of
Revised Universal Soil Loss Equation (RUSLE)

where the digital elevation model (DEM) data
were used as supplementary remote sensing data
(Boggs et al., 2001). Also, (G. Wang et al., 2003)
used Thematic Mapper (TM) images and DEM
data supported with ground dataset samples, to
predict soil erosion where geostatistical methods
were developed. The aim of this study is to
develop a tool that has the ability to detect and
classify gully erosion in the basin under study.
This tool was developed based on the Bergsma
equation. Furthermore, this tool can be engaged in
Arc Gis software.

2. Study area description

The area wunder investigation represents a
watershed located northeastern of Dohuk
governorate- Kurdistan region and covers about
(404.8) km?. This watershed is called the Dohuk
basin and lying between (36° 58' 30" to 36° 45' 00"
N) and (42° 49' 30" to 43° 07" 30" E) Fig.1. The
climate of this area is semi-arid and characterized
by hot weather in summer and highly cold in
winter.

Figure 1. The location of the study area

Tectonically, the study area belongs to the High
Folded Zone of Iraq and parallel to the Taurus
extension. Generally, the most folds at this zone
are characterized by its intensity, long extended,
high amplitudes, as well as, vergent towards the
south and southwestern parts. Related to structural
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geology, most parts of this watershed that bounded
by Bekhair structure is a double plunging anticline,
and the axis trends generally towards northwest-
southeast. The structural framework of this
anticline exhibit en-echelon and multi-dome along
the fold axis. Geomorphologically, the main units
within the watershed are the structural unit reflects
the most anticlinal ridges which are well
developed at the north and northeastern parts of the
watershed which represents the core of the fold as
well as some parts of the southwestern limb. In
this context, denudational units among the
structural units are the triangular facets or flat iron
topography, cuestas and hogsback are appear
clearly in the same parts. Fluvial units can be
inferred by curved valleys, radial valleys, terraces,
and valley filling. Stratigraphically, lithological
units are briefly described as the following
formations (from the older to younger) Fig2:

A. Bekhma formation: the outcrops of this
formation are form the oldest units at the core of
the Bekhir anticline and appear as a high terrain,
which indicates its strong resistance to weathering
and erosion. The lithology of this formation is
composed of thickly and thinly bedded of
dolomitic limestone and marly limestone.

B. Shiranish Formation: lithology of this formation
includes limestone and marly limestone.

C. Kolosh Formation: The outcrops of this
formation have variety in thickness at most parts
of Bekhair anticline and contain black claystone,
siltstone, and sandstone.

D. Khurmala Formation: The lithology of this
formation is composed of dolomitic limestone and
some beds of re-crystalline limestone.

E. Gercus Formation: The lithology of this
formation is consists of reddish-brown fine
clastics.

F: Avanah Formation: lithology of this formation
is re-crystalline marly limestone interfingering
with some lenses of marl.

G: Pilaspi Formation: This formation forms the
structural carapace of the Bekhair anticline and is

exposed in large areas. It consists of well-bedded
limestone and dolostone.

H: Quaternary deposits: the materials of these
deposits are represented by slope sediments,
valley filling sediments, and flood plain deposits.
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Figure 2. Geological map of the study area,
Modified from (Sissakian et al., 1995)

3. Gully erosion concept

Gully erosion is considered as the erosion
process that affects the earth's surface whereby the
accumulated surface runoff runs in straiten
channels, over small periods, erodes the soil from
this area to depths (Poesen et al., 2003), (Kirkby &
Bracken, 2009). Once initiated, one of the gullies
can develop into a network of landforms of active
gullies that working significantly to soil loss in a
basin or catchment (Martinez-Casasnovas, 2003).
In this context, Gully erosion can develop as
extended rills (Stout, 1965) but their genesis may
be considered much more difficult (Morgan,
1979), and wusually includes mutual relations
between the following: 1. The susceptibility of the
land cover to erosion, 2. The volume, type, and
speed of runoff, 3. Changing in land cover as a
result of landuse and conservation practices
(Bocco, 1991). Generally, the mechanism which is
led to sheet-rill and gully development is managed
by a lot of factors. The study presented by (Le
Roux & Sumner, 2012) clarified these factors, and
hence the factors related to gully erosion will be
summarized as follows.
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3.1 Rainfall

Gully erosion is the product of severe storms
which can make more water on the soil surface
than can be intercepted by plants or vegetation and
then infiltrated into the soil leading to surface
runoff. Also, Soil particles may be broken up by
heavy raindrops leading to create smaller
fragments. In addition, heavy raindrops can break
up soil particles into smaller fragments, as a
consequence, the pore spaces get blocked up and
this will result in reduces infiltration capacity as
well as lead to a lot of surface runoff which could
further increase the risk of erosion (Valentin et al.,
2005).

3.2 Lithological setting

Lithology has a major role in erosion through its
control of erosional processes, as rock erodibility
is based on it (Ali et al., 2016). gully erosion
especially reliant on the lithology characteristics of
the material close or exposed to the earth surface
(Casali et al., 1999); (EI Maaoui et al., 2012);
(Golestani et al., 2014). furthermore, lithological
characteristics are related to the geomorphological
landforms (Dai et al., 2001) (Zinck et al., 2001)
(Gorum et al., 2008) (Zhu et al., 2014).

3.3 Topographic setting

The topography is controlling the gully erosion
process and, thus, detect the spatial distribution of
gullies (Zhu et al., 2014); (Conoscenti et al., 2014).
The topography of the surface effects on the
concentration of drainage flow and an evaluation
of topography can be used to forecast the location
and likelihood of gully erosion. In this context,
topographic effects on gully erosion are
dividedoned in the impacts of slope length. and
slope steepness (Le Roux). Slope steepness led to
the proportion of downslope movement (i.e.
increase in the downslope movement). the slope is
important when considering the overall transport
of soil particles (T. Wang et al., 2014). As the
slope steepens, the proportion of downslope
movement increases as a consequence of

respective increases in surface runoff velocity. On
the other side, erosion is generally smaller on
gentle slopes due to an existing lot of surface
ponding and slower surface flow that protecting
the soil from the effects of rain.

3.4 Landuse

Farming activities that decrease soil cover and
expose the soil surface can largely increase erosion
risk. According to (Martel & Mackenzie, 1980),
Cultivation and stock stomping can degrade soil
structure, causing loss of soil organic materials as
well as compaction and reduced rainfall
infiltration.  Soil structure degradation also
decreases the cohesion of soil particles or the
tendency of soil particles to cohere.

4. Erosional stages down to the gully

Generally, erosional processes occur when the
water, wind, and weight of soil powers, are
significantly grater than the forces of adhesion that
hold the soil particles together, resulting in
separation of soil particles into sediment.
Consequently, there are four main types of erosion
processes composed of the following: splash,
sheet, rill as well as gully erosion Fig. 3 (Sandipan
et al., 2012), (Grigar et al., 2020), (Kumawat et al.,
2020). All previous types of erosional stages can
cause sediment erodability, transport and settling.

1. Splash Erosion

S

3. Rill Erosion 4. Gully Erosion

Figure 3. showing the four main types of soil
erosion by water (Kumawat et al., 2020)

A brief description of these types of erosion as
follows:
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4.1 Splash erosion:

This type is considered the first stage of the
erosion process. It forms when drops of rain hit the
soil. The explosive effect by frittering soil
material, so that particles of soil are ‘splashed’
gradually onto the soil surface. The splashed
particles may reach high about (60 cm) above the
earth's surface and shift up to 1.5 meters away
from the effect point.

4.2 Sheet erosion

The mechanism of this type of erosion includes
soil removal in thin layers by the impact of
shallow surface flow and raindrop. It is usually
located evenly over an equal slope terrain And it
remains unnoticed until much of the valuable
topsoil has been lost, and then eroded soil
deposition occurs at the slope bottom.

4.3 Rill erosion

Rill erosion results when surface water runoff
concentrates, and then create tiny yet well-
dentified channels. These discernable channels
where the soil has been eroded away are small
enough to not affect field machinery operations.
4.4 Gully erosion

This type of erosion can be considered as an
advanced level of rill erosion. In this context, if
rills are not handled, they will become larger
gullies. The depth of gully channels about more
than (30cm).

5. Methodology

The methods used for calculating gully erosion are
based on the DEM —analysis which is providing a
practical procedure for erosion identifying over a
large area. To apply that, a tool was developed in
Python using modular builder in ArcGis program.
The methods used in this study consist of three
main steps described below and as illustrated in
Fig. 4
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Figure 4. Flow chart (with details) of the
methodology

5.1 Conceptual model builder of gully erosion

Generally, The conceptual model in geographic
information systems (GIS) is expressed diagram to
describe the quantitative and qualitative
procedures of executive processes on the data. The
system diagram is considered one of the most
common conceptual models used in (GIS), which
uses symbols and words to describe the main
components and links of the model (lan, 2010).
This model defines how data is organized for use
by (GIS), and the procedures that take place during
the input, analysis, and output phases (Alberto
Giordano et al., 1994). In this context, the
conceptual model formalizes the variables
identified in the proposed knowledge tabulation of
the diagram structure (Car & Frank, 1995).
Conceptual modeling has several advantages for
designing scientific applications, the most
important of which is allowing users to express
their knowledge of the application without the
need to use mathematical expressions or detailed
procedures in the use of functions (Lisboa-Filho et
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working interactively in GIS software. The most
important of these models are generated by
ArcGIS desktop software by a sub-program called
the model builder, which is an application used to
create, edit and manage conceptual models. Model
builder enables the visualization of the workflow
(by the graphic flowcharts) and the creation and
automation of Geoprocessing tasks that are
typically performed in one step. Once the
automation model is successful, it can be relied
upon for tool development. Consequently, the
conceptual model of gully erosion was constructed
by the Bergsma method, which included the
merging of a set of tools relevant to different
applications in GIS. The conceptual model builder
of gully erosion consisted of two parts. The first
part included the merging of the following tolls:
Fishnet, Clip, lIdentity, Feature to point, Spline,
Reclassify, and Raster to Polygon tools. The
Fishnet tool creates a grid of squares with a vector
file, then switches the results to the Clip tool,
which cuts the grid of squares based on the study
area boundaries, then switches the results again to
the Identify tool that works spatial identification
between streams and the square networks.
Consequently, each square calculates the stream
length involved in it (in meters). After that, the
squares are converted into feature points and then
processed through a spatial interpolation process to
be converted into a Raster Surface. Finally, the
raster surface is reclassified according to the
Bergsma method and transformed to the vector
format again. The second part of the conceptual
builder model contains a set of tools that deal with
attribute data. These tools are: Add Field, Select by
Attribute, as well as Field Calculator. These fields
are added to save information about erosion levels
using the Bergsma method so that each level is
selected by the tool of Select by Attribute, and then
the information related to each class is entered in
the Field Calculator tool until the added fields are
filled with the information Fig.5.

Figure 5. Diagrame of model builder showing the
elements used in programming, designing and
implementing the tool for gully erosion extracting

5.2 Transform the Conceptual Model To
ArcGIS Desktop Tool

Conceptual model transformation to the adaptive
ArcGIS tool requires knowledge of the necessary
parameters that must be available in the user to
control the modeled process in a comprehensive
manner. Therefore, the developed tool based on its
functionality was named Gully Erosion by
Bergsma Method, and it contains 6 parameters Fig.
6 , through which the user can control the
modeling of the gully erosion. These parameters
are as follows:

1. Input Stream Feature parameter, from which the
stream file is entered in the feature class or
shapefile format.

2. Input Basin Feature parameter, from which the
water basin file is entered, in a storage format
feature class or shapefile.

3. Input Cell Size Width parameter, from which
the width of the box is specified in meters.

4. Input Cell Size Height parameter, from which,
the height of the square is specified in meters.

5. Output Grid parameter, from which the squares
grid file is saved in Shapefile format, on which it
will be relied upon to derive Gully erosion.

6. Output Gully Erosion parameter, from which the
Gully Erosion file is stored in the computer's
memory, in a Shapefile format.
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Figure 6. Window interface of input layers and
factors used in the execution of gully erosion

5.3 Automatic delineation of streams

To extract stream networks and watershed, several
steps were previously mentioned in the
methodology Fig. 4, as they were explained in
detail in Fig. 7, it is noted that the DEM data has
been processed from the sink & pit filling, and this
IS an important procedure to obtain accurate
results. To test the operation of the developed tool
with different data details, four data models of
streams were designed, which were derived from
the digital elevation model. The details of DEM
derived streams are controlled by the Con tool in
the ArcGIS program, and then a threshold value is
chosen for cells carrying aggregate values in DEM.
In this context, four models were chosen from the
selection that controls the details of streams, which
are (Value> 1500), (Value> 1000), (Value> 500)
and (Value> 250). However, this will result in a
set of streams with different details. It is also noted
that the stream's bifurcation will increase as the
specified threshold value decreases. As shown in
Fig. 8, auto-extracting of stream networks from the
DEM using multi-different thresholds reflects the
entire view of stream networks of the area under
investigation. Furthermore, it can be noticed that
the water from this area drains in all directions.

Collection and
processing of DEM

v Profile view of a sink before
- and after running Fill
Sink or pit filling for B fed sk
depression less

xR 111113

i 69]|53|44|37|38|48
Generation of Flow —

2 i 64|58|55]|22]31|24
Direction

Profile view of a peak before
and after running Fill

68161|47|21(16]19

v

Generation of 2
Stream network and
watershed exit

Delineation of
watershed boundary

Figure 7. watershed delineation steps modified
from (Ray, 2018)
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Figure 8. Different criteria of stream networks
around the selected threshold value were
determined from DEM by the developed tool

6. Results and discussions

The Bergsma method was used to estimate
the gqully erosion of the watershed under
investigation. The use of this equation with a
stream network can give important results. The
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stream network map was prepared based on the
automated extraction process, according to varying
values of threshold limits, allowing for accurate
estimation of erosion values. After that, the study
area was divided into equal squares using the
fishnet tool. After extracting streams and
calculating areas, the Bergsma equation was
applied as follow:

AE=YL/A

Where AE is the rate of erosion per square, L is
the stream length in each square, and A is the area
of one square in km? To estimate gulley erosion of
the study area by relying on the Bergsma method,
two scenarios were used as the following:

6.1 Erosion levels estimation based on stream
network density

Four threshold values were tested to derive stream
and then calculate erosion levels at each threshold.
As shown in Table 1, seven erosion zones can be
identified in the area and each zone is
distinguished from the other by the degree of
erosion effectiveness. The amount of erosion
varies depending on the threshold value.

Table 1. Erosion level classes extracted from
stream density based on the selected threshold

values
rosion
evel
\(ery Light | Moderate | High V_ery severe very
light high severe
StreaNus
detail
Value >
1500 89.1 | 132.1 126.6 56 0.9 0 0
Value >
1000 713 | 131.3 120.6 79.7 2 0 0
Value >
46. 4. 112. 140.4 .
500 6.9 94.7 8 0 9.9 0 0
Value >
27. 1.1 .1 193. 41. 1.4
250 7.9 6 79 93.8 5 0

The table shows that there are seven regions of the
gully erosion levels inferred from the developed
tool based on the variation in drainage density. It is
noticed that with the increase of stream density, as
a result of reducing the threshold values to less
than 250, there will be a possibility of reaching

extreme erosion, and this has already been
indicated. The value of an area of 14 km? of gully
erosion was recorded at an extreme level. On the
other hand, this level did not appear in the other
values of the threshold. Furthermore, The highest
level of gully erosion was recorded at a threshold
below 250 with a value of 193 km2 and an extreme
level. Referring to the same table, it can be
concluded that with the increase of a threshold
value, areas of gully erosion will increase also at
higher values, specifically in the area classified
under very light, light, and moderate. However,
this does not correspond to the areas classified
under the high, very high, and severe levels. The
principal reason for this is that the increase in the
threshold value will lead to the removal of high
order streams (i.e. first and second orders) and that
will be reflected in the areas related to erosion
levels. Based on the foregoing, the following
question can be concluded: What is the appropriate
threshold value in the evaluation of gully erosion
through the tool that was developed in the current
study? To illustrate that, Fig. 9 can be observed
which includes four scenarios for gully erosion
levels in the area under investigation using
different values of threshold values. By comparing
these scenarios with the geological map in Fig. 2,
it can be concluded that the threshold value (500)
gave good results based on the following reasons:

" value > 500 value > 250

Very light

P
Light $

Moderate
High

Very high
-Sev". 0 3 6 12 18 24

Figure 9. Different scenario of Basins delineation based
on the different threshold values
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1. The Bekhma formation exists in the very light
erosion zone because of consisting of hard
limestone rocks that are resistant to erosion
processes and the appearance of the formation in
an elliptical structure is compatible with its
structural pattern in the northeastern parts of the
Bekhair anticline.

2. The formations containing brittle rocks that are
not resistant to erosion processes, such as
Shiranish, Kolosh, Khurmala, and Gercus, have
been classified as having high and very high
erosion. In this context, these formations surround
the Bekhma formation and are characterized by a
topographical depression as a result of being
affected by erosion processes.

3. The rocks of the Pilaspi Formation, which form
the carapace of Bekhair anticline, are characterized
by light and very light erosion levels due to
limestone rocks that are resistant to erosion.

4. Towards the south and southwestern parts of the
study area, an increase in the intensity of erosion is
observed as a result of the decrease in the rock
outcrops, as well as the presence of recent
sediments of the Quaternary deposits.

6.2 Erosion levels estimation based on cell size
effect

The developed tool used two parameters which
are: input cell size, and cell size hight. These two
factors determine the effect of the square grid size
on the gully erosion scenario outputs. For testing
the values of the previous parameters, four model
squares grid with side lengths of 2000, 1500, 1000,
500 meters were selected. Table 2, refers to several
values of the grid squares size. The very severe
erosion zone was reported in the cell size (500),
while the very severe, severe, and very high
erosion levels did not appear in the cell size
(2000), This reflects the effect of the square or cell
size factor on the erosion output levels. the
distributions of the erosion zone on the study area,
several values of the square size were tested, and
then four erosion zone scenarios were prepared

Fig. 10, each of these scenarios reflects a specific
value of the square side length. After comparing
the previous scenarios with the geological map of
the study area Fig. 2, it was concluded that the side
length value of (500) gave a good agreement with
the geology and topography of the area. As well
as, the formations containing hard rocks were
represented by very light and light erosion levels,
while the formations containing brittle rocks
contained higher levels of erosion varieties.
Depending on the foregoing, the developed tool
can represent the levels of gully erosion with good
results depending on the selection of the
appropriate values.

Table 1. Erosion level classes extracted from
stream density based on the selected cell size
threshold values

rosion
Level Very . . Very Very
light Light | Moderate | High high Severe .
Cell
Size
2000 m | 38.8 112 155.8 98.3 0 0 0
1500 m | 45.6 | 105.9 1354 117 1 0 0
1000m | 46.9 | 94.7 112.8 140.4 9.9 0 0
500 m 68.1 58.9 63.1 150.6 52 10.7 1.3

Side Square length = 2000

Side Square length = 1000

= Very light

Light IN]

Moderate $
High

Figure 10. Different scenario of Basins delineation
based on the different threshold values
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7. Conclusions

In this study, GIS techniques were used to study
gully erosion in the Duhok basin based on a DEM.
The new GIS tool has been developed named a
Gully Erosion by Bergsma Method and
includes six parameters which are: Input
stream feature, input basin feature, input cell
size width, input cell size height, output grid
parameter, and output gully erosion. The
outputs of this tool can be used to prepare a
gully map for any area. To determine erosion
level, multi-threshold values were tested when
using the tool. The optimum value of the
thresholds was determined to be appropriate
for the geological environment of the area
under investigation. Therefore, the current
study recommends the necessity of comparing
the tool outputs with the geological and
topographic maps in order to select the
appropriate threshold value which, determines
the efficiency of inferred gully erosion levels.

8. ACKNOWLEDGMENT

The authors would like to express gratitude to
the University of Mosul, and the Remote
Sensing Center for support to achieve this
work.

References

Alexakis, D. D., Hadjimitsis, D. G., & Agapiou, A.
(2013). Integrated use of remote sensing, GIS and
precipitation data for the assessment of soil erosion
rate in the catchment area of “Yialias” in Cyprus.
Atmospheric Research, 131, 108-124.

Ali, S., Al-Umary, F. A,, Salar, S. G., Al-Ansari,
N., & Knutsson, S. (2016). GIS based soil erosion
estimation using EPM method, Garmiyan Area,
Kurdistan Region, Irag. Journal of Civil
Engineering and Architecture, 10, 291-308.
Bergsma, E. (1982). Aerial photo-interpretation for
soil erosion and conservation surveys, lectures
notes, part. Il-Il1l: Enschede. Holanda, ITC

(International Institute for Geo-Informatics and
Earth Observation), 138-140.

Bocco, G. (1991). Gully erosion: processes and
models. Progress in Physical Geography, 15(4),
392-406.

Boggs, G., Devonport, C., Evans, K., & Puig, P.
(2001). GIS-based rapid assessment of erosion risk
in a small catchment in the wet/dry tropics of
Australia. Land Degradation & Development,
12(5), 417-434.

Car, A., & Frank, A. U. (1995). Formalization of
Conceptual Models for GIS using GOFER.
Computers, Environment and Urban Systems,
19(2), 89-98.

Casal1, J., Lopez, J. J., & Giraldez, J. V. (1999).
Ephemeral gully erosion in southern Navarra
(Spain). Catena, 36(1-2), 65-84.

Chuenchum, P., Xu, M., & Tang, W. (2020).
Estimation of soil erosion and sediment yield in
the Lancang—Mekong river using the modified
revised universal soil loss equation and GIS
techniques. Water, 12(1), 135.

Conoscenti, C., Angileri, S., Cappadonia, C.,
Rotigliano, E., Agnesi, V., & Marker, M. (2014).
Gully erosion susceptibility assessment by means
of GIS-based logistic regression: A case of Sicily
(Italy). Geomorphology, 204, 399-411.

Dai, F. C,, Lee, C. F., Li, J.,, & Xu, Z. W. (2001).
Assessment of landslide susceptibility on the
natural terrain of Lantau Island, Hong Kong.
Environmental Geology, 40(3), 381-391.

Dwivedi, R. S., Kumar, A. B., & Tewari, K. N.
(1997). The utility of multi-sensor data for
mapping eroded lands. International Journal of
Remote Sensing, 18(11), 2303-2318.

El Maaoui, M. A., Felfoul, M. S., Boussema, M.
R., & Snane, M. H. (2012). Sediment yield from
irregularly shaped gullies located on the Fortuna
lithologic formation in semi-arid area of Tunisia.
Catena, 93, 97-104.

Eswaran, H., Lal, R., & Reich, P. F. (2001). Land
degradation: an overview. Responses to Land
Degradation, 20-35

Q DOI:10.52113/u j05/021-14/2456-2467/ 2021 / yiae. gyl yll slaoll /2 5/ I ss2]1 [ fag sl dlao
2469



[ Developing an active tool in GIS to determine gully J

erncinn levels denendinn nn the Rernema methnd

Garland, G. G., Hoffman, M. T., & Todd, S.
(2000). Soil degradation. A National Review of
Land Degradation in South Africa. South African
National Biodiversity Institute, Pretoria, South
Africa, 69-107.

Giordano, A, & Marchisio, C. (1991). Analysis
and correlation of the existing soil erosion maps in
the Mediterranean basin. Quaderni Di Scienza Del
Suolo, 3, 97-132.

Giordano, Alberto, Veregin, H., Borak, E., &
Lanter, D. (1994). A conceptual model of GIS-
based spatial analysis. Cartographica: The
International Journal for Geographic Information
and Geovisualization, 31(4), 44-57.

Golestani, G., Issazadeh, L., & Serajamani, R.
(2014). Lithology effects on gully erosion in
Ghoori chay Watershed using RS & GIS. Int J
Biosci, 4(2), 71-76.

Gorum, T., Gonencgil, B., Gokceoglu, C., &
Nefeslioglu, H. A. (2008). Implementation of
reconstructed geomorphologic units in landslide
susceptibility mapping: the Melen Gorge (NW
Turkey). Natural Hazards, 46(3), 323-351.

Grigar, J., Duiker, S. W., & Flanagan, D. C.
(2020). Understanding soil erosion by water to
improve soil conservation. Crops & Soils, 53(3),
47-55.

Gull, S., & Shah, S. R. (2020). Watershed models
for assessment of hydrological behavior of the
catchments: a comparative study. Water Practice
and Technology, 15(2), 261-281.

Gunawan, G., Sutjiningsih, D., Soeryantono, H., &
Widjanarko, S. (2013). Soil Erosion Prediction
Using GIS and Remote Sensing on Manjunto
Watershed Bengkulu, Indonesia. Journal of
Tropical Soils, 18(2), 141-148.

lan, H. (2010). An introduction to geographical
information systems. Pearson Education India.
Kirkby, M. J., & Bracken, L. J. (2009). Gully
processes and gully dynamics. Earth Surface
Processes and Landforms: The Journal of the
British  Geomorphological Research  Group,
34(14), 1841-1851.

Korzeniowska, K., & Korup, O. (2016). Mapping
gullies using terrain  surface  roughness.
Proceedings of the 19th AGILE International
Conference on Geographic Information Science
(AGILE 2016), Helsinki, Finland, 14-17.
Kumawat, A., Yadav, D., Samadharmam, K., &
Rashmi, 1. (2020). Soil and Water Conservation
Measures for Agricultural Sustainability. In Soil
Moisture Importance. IntechOpen.

Le Roux, J. J., & Sumner, P. D. (2012). Factors
controlling  gully  development:  comparing
continuous and discontinuous gullies. Land
Degradation & Development, 23(5), 440-449.
Lisboa-Filho, J., Sampaio, G. B., Nalon, F. R., &
Borges, K. A. de V. (2010). A UML profile for
conceptual modeling in GIS domain. DE@
CAISE, 18-31.

Martel, Y. A., & Mackenzie, A. F. (1980). Long-
term effects of cultivation and land use on soil
quality in Quebec. Canadian Journal of Soil
Science, 60(3), 411-420.

Martinez-Casasnovas, J. A. (2003). A spatial
information technology approach for the mapping
and quantification of gully erosion. Catena, 50(2—
4), 293-308.

Morgan, R. P. C. (1979). Soil erosion. Longman.
Poesen, J., Nachtergaele, J., Verstraeten, G., &
Valentin, C. (2003). Gully erosion and
environmental change: importance and research
needs. Catena, 50(2—4), 91-133.

Ray, L. K. (2018). Limitation of automatic
watershed delineation tools in coastal region.
Annals of GIS, 24(4), 261-274.

Ritchie, J. C. (2000). Soil erosion. In Remote
sensing in hydrology and water management (pp.
271-286). Springer.

Sandipan, G., Kamala, B., & Tithy, M. (2012).
Understanding the development of rills and gullies
on laterites: a case study of adjoining region
between Rampurhat-1 block, Birbhum district,
West Bengal and Shikaripara block, Dumka
District, Jharkhand. Journal of Interacademicia,
16(2),.310-325

Q DOI:10.52113/u j05/021-14/2456-2467/ 2021 / yiae. gyl yll slaoll /2 5/ I ss2]1 [ fag sl dlao
2470



erncinn levels denendinn nn the Rernema methnd

[ Developing an active tool in GIS to determine gully J

Senanayake, S., Pradhan, B., Huete, A., &
Brennan, J. (2020). Assessing soil erosion hazards
using land-use change and landslide frequency
ratio method: a case study of Sabaragamuwa
Province, Sri Lanka. Remote Sensing, 12(9), 1483.
Sissakian, V. K., Hagopian, D. H., & Ma’ala, K.
A. (1995). Geological map of Mosul quadrangle,
scale 1: 250000. Irag Geological Survey
Publications, Baghdad, Iraq.
Snyman, H. (1999). Soil erosion and conservation.
In: Tainton NM (ed.). Veld Management in South
Africa. University of Natal Press: Scottsville,
South Africa, 355-380.
Stout, B. A. (1965). Soil erosion by water, some
measures for its control on cultivated lands. FAO
Agric. Dev. Paper, 81.
Taruvinga, K. (2009). Gully mapping using remote
sensing: Case study in KwaZulu-Natal, South
Africa. University of Waterloo.
Valentin, C., Poesen, J., & Li, Y. (2005). Gully
erosion: Impacts, factors and control. Catena,
63(2-3), 132-153.
ozl
J aded) slagadl ‘mi ¢ Gully Erosion 259u5%1 & yasdl aas
G Slsaall ual (el cdgll § aaadall 515l 55ls] Jlxs
Ll aashy Lebsiwe puuds 4aS 3 @ Lyad olal 38l
JeKIL
Lyadll Sbgiun paaz) Alad 5ol sk I ol dmdl Caue
z3sai¥ clug (Python)  Zmendl &l e iluy Z3gasY)
3| (ArcGIS Desktop zeliy 2w § Conceptual Model (sualall
oo Bad> Aiay LW Glrll ae Jolass o 8)slall 8153 o Sey
2w gyl Lahaill epuds lliSy . Geodatabase g Shapefile ggs
e 42905 Lpatll Sligtune a5 @F (a9 Slaiye A )
RVNYES | [P A
olusd 8yslall 310Y alagiuly d>jall dmall Gudas @
Gt Jloi pdy ol Hgas (a9 3 L9l Lyasdl Sibigiue
05 (404.8) Jlg> Joisg (liws,S oald) - clgas dladlans

Wang, G., Gertner, G., Fang, S., & Anderson, A.
B. (2003). Mapping multiple variables for
predicting soil loss by geostatistical methods with
TM images and a slope map. Photogrammetric
Engineering & Remote Sensing, 69(8), 889-898.
Wang, T., He, F., Zhang, A., Gu, L., Wen, Y.,
Jiang, W., & Shao, H. (2014). A quantitative study
of gully erosion based on object-oriented analysis
techniques: a case study in Beiyanzikou catchment
of Qixia, Shandong, China. The Scientific World
Journal, 2014.

Zhu, H., Tang, G., Qian, K., & Liu, H. (2014).
Extraction and analysis of gully head of Loess
Plateau in China based on digital elevation model.
Chinese Geographical Science, 24(3), 328-338.
Zinck, J. A., Lopez, J., Metternicht, G. I., Shrestha,
D. P., & Vazquez-Selem, L. (2001). Mapping and
modelling mass movements and gullies in
mountainous areas using remote sensing and GIS
techniques. International Journal of Applied Earth
Observation and Geoinformation, 3(1), 43-53.

Gl 3lan Laas| (orale e Ly 8 skl 315Y ccain LS
Geaxt) all e e G dezay Lo ASUL golell Jlsb!
Bldl cyawl dele ST alaall souate @uall jlasl @3 o elld
dl Laduas @3 @l @o9us Lpasll (0 ciligiun 3929 (e
delsall lad Leisly s gludl clael ol a
1Y clael LS yaill Gilgiuwa e 4dlyegidally 2 glguzel)
Lol 3slS] ae 2paddl Sibigtus paas @ Adle 3:aS 55kl

S gbla @ Lasdas 9 cnt>Ldl o

Q DOI:10.52113/u j05/021-14/2456-2467/ 2021 / yiae. gyl yll slaoll /2 5/ I ss2]1 [ fag sl dlao
2471



