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ABSTRACT

AlSen watershed with a surface area of 98.8 km? is forming an important
vital spatial sector for Syrian Coast Basin in the western part of Syria. Soil
loss in Al-Sen basin is one of the major growing eco-environmental risks
that need to be assessed geographically. Statistical-Spatial evaluation of soil
erosion risks is a useful and urgent step for creating soil erosion management
plans along with spatial implementation. At present study, a quantitative

assessment of soil erosion on grid basis is carried out using GIS and SPSS
technologies. The outcomes illustrate that 43.01% of the study area affected
by low erosion of soil, 29.05% moderate erosion, 16.33% high erosion,
and 11.85% very high erosion, respectively. Moreover, the major factor
accelerating soil loss in the study basin was LS factor of RUSLE (r?=0.74).
This study, however, has also suggested two statistical models of the soil
erosion case in an Al-Sen basin. The results of this study are very important
for local decision-makers in establishing spatial conservation strategies.

Key Words: Soil erosion, RUSLE, Statisticalspatial modeling, Al-Sen basin, Syria

in thickness from a few centimeters to several decameters which is
considered one of the human continuation principle worldwide (1,2). Soil
erosion is a dynamic complex process defined as separating, transferring,
and accumulating surface soil products through water and/or wind agents.
Soil erosion affected by raindrops or wind energy, physical and chemical
properties, terrain, and land cover (3). Soil erosion causes many negative
consequences on land productivity, nutrient depletion, soil quality
degradation, and reduced farm income, due to loss of fertility elements by
soil mobilization (4-7).

Soil is the effective part of the top layer of the Earth’s crust, ranging

Mainly, the soil erosion by water endangers the ecosystem of wet territories.
Syrian Coastal Region (SCR) generally and Al-Sen basin particularly represent
a favorable geomorphologic, lithologic, hydro-climatic and socio-economic
model for acceleration of soil erosion risks as most researches refer (2,8-10).
Al-Sen basin deems the most important vital, economic, and agricultural
pole in SCR. Al-Sen basin is prone to huge amounts of soil erosion. The
basic aim of this research is the statistical-spatial modeling of soil loss by
utilizing the RUSLE approach through GIS and SPSS Techniques in Al-Sen
basin. However, this issue is very important and urgent need to taking the
conservation measures with spatial applying swiftly.

MATERIALS AND METHODS
Study area

Al-Sen River Basin (ASRB) is located in Tartous province, in the western
part of Syria with 98.8 km? area (Figure 1). ASRB extends astronomically
between the latitudes of 35 3" and 35 °22" North and longitude of 35 %9
and 36 °17" east. Geographically, ASRB boarded by Coast Mountains from
the east, the Mediterranean from the west, Hrisoon basin from the south,
and Al-Berghel basin from the north. Geomorphologically, the basin can be
divided into three basic landforms sectors. The mountainous, hill and plain
sectors, with altitudes ranging from 0-100 m, 100-400 m, and 400-1257 m,
respectively. Soil erosion rates, in this context, in the mountainous and hill
regions are increasing due to steep slopes. The study area is mainly subject to
the Mediterranean climate. The annual rainfall rate is about 1000 mm. Most
of the rain falls during winter from November to May. The mean annually
temperature is ranging 13.4 °C to 18.7 °C (Figure 2).

Calculation of RUSLE factors

The universal equation of soil loss (RUSLE) is the most widely utilized
empirical formula and approach around the world to assess the soil loss
per area unit. RUSLE refers to the influence of kinetic raindrops, physical
and chemical topsoil properties, terrain features, vegetation cover and
conservation criteria in soil loss. RUSLE is given by the following equation

(11):
A=RxKxLSxCxP (1)

where A is the average annual soil loss in tons per ha per year (t/ha/year), R
is the rainfall erosivity, K is the soil erodibility, LS is the hill slope length and
steepness, C is the vegetation factor, and P is the support practice.

R factor

The rainfall erosivity (R) factor represents the effect of kinetic raindrops
on soil loss (12). Rvalue is highly influenced by the body distribution,
intensity, speed, amount, time and pattern of rainfall whether for one or
more of storms and by the mass of the resulting runoff (13,14). R factor index
within the RUSLE model should be calculated by multiplying the amount
raindrops energy (E) and the maximum 30 min. rainfall intensity (130) (15) in
case of finding data. At the current paper, monthly rainfall data of 47 years
(1970-2017) were obtained to map the R-factor by the following Equation 2
developed by Wischmeier and Smith (12):

R= il 735x 10(1'5]%”(%}0'08188J @
1

Where R is a rainfall erositivity factor (M] mm ha™ h! per year); P, is monthly
rainfall (mm); P is an annual rainfall (mm). There are five climatic stations
established in and around the Al-Sen basin as shown in Figure 1 and Table
1. However, the annual rainfall and R factor values were mapped with the
Inverse Distance Weighted Average (IDW) interpolation method in the
GIS as shown in Figures 2 and 3, respectively. In the study area, the spatial
Re-values were ranging between 4.3 and 42.3 M] mm ha! year!.

K factor

K factor is an important field parameter in assessing the risk of soil erosion.
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Figure 1) A map of study basin
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TABLE 1

Climatic stations used in the study with R factor values for each
station

R factor (MJ mm ha' h*!

Climatic station Total annual rain fall (m)

year)
Banias 809 4.4
Doir-Babdah 977 14.5
Ain-Alshargia 1007 24.7
Shendakha 1162 31.9
Mnizla 1241 421

K factor examines the susceptibility of a soil to loss based on the physical
and chemical characteristics of collected and soil samples as measured under
the standard unit plot condition. The standard condition is the unit plot,
22.6 m long with a 9% gradient, maintained in continuous fallow, tilled
up and down the hill slope (16,17). The results of analyzed soil samples in
Beitkammouneh Center for Agricultural Center in Tartous Governorate
utilized for mapping K factor by utilized the following equation conducted
by Wischmeier et al. (18):

. 2.1x107*(12-OM )x M +3.25(s-2)+2.5(p-3) %)

100

Where OM is the organic matter (%), s is soil structure class, p is permeability
class, and M is aggregated variable derived from the granular soil texture:
M=(%Msilt) x (Y%silt+%sand), and the modified silt (Msilt) is a percentage of
grain size between 0.002 and 0.1 mm. By utilizing a previous equation, the
spatial Kvalues (tons MJ' hmm™) were computed and subsequently, the K
factor map was generated (Figure 4).

LS factor

LS factor has explored the influence of topographical features on the spatial
acceleration of soil loss. Slope length (L) is determined as the horizontal
distance from the origin of overland flow to the point where either the
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slope gradient decreases enough that deposition begins or runoff becomes
concentrated in a defined channel. The slope steepness (S) factors represent
the impact of slope gradient on soil loss (12). However, the effects of slope
steepness have a high influence on soil erosion than slope length. By utilizing
a Digital Elevation Model (DEM) with 30 m resolution (19) LS factor in the
study basin was mapped depending on the following Equation 4:

. 0.5 . 1.3
LS = (F lowAccumulation x CellSzzej X ( sin slop ej @
22.13 0.0896

Where Flow Accumulation is the grid layer of flow accumulation expressed
as the number of grid cells, and Cell Size is the length of a cell side. Spatial
LS-values of the study basin are ranging between 0- 22.19 (Figure 5).

C factor

Vegetation has a considerable effect on the runoff and soil loss rates by
alleviating the kinetic energy of raindrops side-by-side with decreasing runoff
speed. C-factor is defined as the proportion of soil loss from the plot with
appointed vegetation to the conformable soil erosion from ongoing flux
(12,20). There are two methods to make C-factor, the first one depending on
land use/land cover, and the other depending on the normalized difference
vegetation index (NDVI) (9,21). C factor raster map, hence in the current
study, was generated based on NDVI index. NDVI index is defined as
the ratio of the difference between the NearInfrared Band (NIR) and the
red band (R) and the sum of these two bands (22). NDVI was calculated
depending on Landsat 8 that taken at May 2018 through the following
equation:

NDVI = (NIR - RED) / (NIR + RED) (5)

Where NIR is the near-infrared band (band 4, 0.76-0.90 pm), and RED is
the red band (band 3, 0.63-0.69 um). NDVI values range between-0.11 and
0.54 as shown in Figure 6. Continuously, C factor raster map as shown in
Figure 7 can be generated by the following equation (23,24):

C factor = 1.02-1.2INDVI
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Figure 3) Spatial distribution of R factor values

P factor

P factor, or the maintenance practice, is the proportion of soil loss after a
specific conservation measure to the dredged soil after up and down plowing
(25). These practices basically mitigate soil loss by adjusting the flow system,
flux intensity and kinetic or trend of runoff. Moreover, the kind of practice,
such as terracing, contour plowing, and regular barriers, mitigate the rate

J Environ Geol Vol 2 No 2 October 2018

of soil loss effectively. The value of the Pfactor is ranging 0-1, the value
reaching to O indicates well conservation measures, and the value reaching
to 1 indicates poor conservation measures (12). Field inspections indicate
the absence of active conservation procedures of lands in the study basin. In
order to neglect the P factor from soil erosion estimation, P equals to 1 as
suggested by (12).
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Figure 4) Spatial distribution of K factor values
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Figure 5) Spatial distribution of LS factor values
RESULTS AND DISCUSSION low grads of erosion were distributed in the western lowland. Quantitatively,

In a GIS environment, the soil loss map was produced by spatial
multiplication process of the raster maps of RUSLE factors (R, K, LS, and C).
In this context, soil erosion values in Al-Sen basin range from 0-18 ton/ha/
yr. Figure 8, however, represents the spatial pattern of soil loss hazards grades.
Spatially, the spatial propagation of high grades of loss is distributed in the
central and eastern basin, i.e. in the hills and mountainous region, whilst
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Table 2 shows the areas of soil erosion risks. The outcomes indicate that
about 11% was estimated to have very high loss rates, 16.33% was predicted
to have high loss rates, 29.05% has moderate loss rates, and 43% has low loss
rates, respectively. The estimated amount of soil loss in Al-Sen basin can be
deemed critical according to the fact that the amount of soil erosion tolerant
that will allow sustaining an economic, along with a high level of agricultural
productivity is ranging from 5 to 11 Mg ha'! year! in Mediterranean regions

J Environ Geol Vol 2 No 2 December 2018
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Figure 6) Spatial distribution of NDVI values in May 2018
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Figure 7) Spatial distribution of C factor values based on NDVI indicator

(26-28). In this context, conservation criteria must be adopted to control soil
loss in areas of high to very high erosion swiftly.

In SPSS environment, the statistical process was done to determine the most
affected RUSLE factor which enhances the acceleration of soil erosion in
Al-Sen basin. Statistical correlations and regression relationships between
RUSLE parameters and the soil erosion rate for the study basin are introduced
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in Table 3. It can be considered that the strongest correlation is between
the LS factor and annual soil erosion value (r?=0.74) whilst the correlations
between other factors of RUSLE and annual soil erosion are found to be
very low. In this context, the slope degree of the basin has reached more
than 55% as shown in Figure 9. Moreover, Table 4 illustrates the suggested
statistical models. In details, the Enter model has excluded K factor, while
the Stepwise model has excluded K, R, and C factors, respectively.

J Environ Geol Vol 2 No 2 December 2018



Abdo, et al.

35°57'0'E 36°0'30"E 36°4'0'E 36°7'30"E 36°11'0"E

N

35°17'30"N

35°17'30"N

35°15'0"N

35°15'0"N

Soil Erosion Risk

R Low

z Moderate
& z
S High 2
3 0 1.5 3 6 ol

. - — KM |
- Very high KM g
35°5T'0"E 36°0'30"E 36°4'0"E 36°7'30"E 36°11'0"E
Figure 8) Soil erosion map in Alsen basin based on RUSLE model
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Figure 9) Spatial distribution of slope degrees values
CONCLUSION
The current study sought to statistical-spatial modeling of soil loss in Al-Sen in some areas to more than 18t/ha/year. A statistical investigation was
basin by utilizing the RUSLE approach in GIS and SPSS techniques. The conducted also to specify the most essential influential factor in soil loss.
acceleration of soil loss hazards in the study area was clear, which reached Thus, the output visual interpretation is an urgent necessity for immediate

implementation in soil maintenance planning and spatial application.
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TABLE 2

Classification of soil erosion in study basin

Rat of soil
Soil erosion class erosion class in Area (Km?) Percentage (%)
ton/halyear
Low >5 425 43.01
Moderate 5-10 28.71 29.05
High 10-15 16.14 16.33
Very high 15-18.12 11.45 11.58
TABLE 3

The correlation and regressions among the annual soil erosion
and RUSLE factors for the study area

RUSLE factors Annual soil erosion

R r?=0.23 y=3.96x-153.4
K r2=0.23 y=102.8x+15
LS r?=0.23 y=2.66x+0.44
C r2=0.23 y=46.3x-34.6
TABLE 4

The statistical models for the study area

Statistical modelling approach

Statistical model

Enter

Stepwise

y=2.076 LS+0.272 R+21.872
C-128.669

y=2.034 LS-4.037
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