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Abstract: Soil conservation (SC) is essential to maintain the reservoir service life and increase the
yield since soil erosion is a major global concern that adversely affects not only the storage capacity
but also the land fertility. This study evaluates the spatio-temporal variation of soil erosion using
the popular SWAT model and identifies the best SC practice for Tekeze watershed located in the
Northern part of Ethiopia. To accomplish this, four soil conservation management scenarios involving
baseline, terracing, contouring, and grassed waterway scenarios are selected for soil loss evaluation.
The SWAT model was calibrated and validated with R2 values of 0.7 and 0.9 and NSE values of
0.8 and 0.7, respectively, indicating satisfactory model performance. Five sub-basins of the catchment
were found to be more susceptible to erosion with an average annual soil loss of 25.15 tons/ha/yr.
Employment of the proposed SC measures in the sub-watershed erosion was reduced by 35.18%,
27.11%, and 18.76%, respectively, which is significant when compared with the baseline scenario.
Since the investment cost of execution of an SC measure in a large watershed is very high, priority
areas are also identified for cost savings as well as improved work efficiency.

Keywords: soil conservation; spatio-temporal variation; soil erosion; SWAT model

1. Introduction

Soil erosion is a severe problem globally [1,2] since it reduces soil productivity, reser-
voir capacity, and water quality [3,4]. Erosion mostly affects the top part of the soil, which
carries high levels of organic matter and nutrients [5,6]. Consequentially, when the top layer
of the soil erodes, productivity declines, which has significant economic ramifications for
the country’s economic growth. According to previous studies, more than two-thirds of the
degradation of agricultural land in sub-Saharan Africa is caused by soil erosion resulting
from land use changes and agricultural land expansion [7,8]. In addition, in Ethiopia, 80%
of the population is dependent on agriculture [9], while land management techniques
are still relatively poor in most watersheds. For instance, soil erosion is a major issue
in the Tekeze watershed located in northern Ethiopia due to its topographic complexity,
insufficient land cover, inappropriate land uses, poor land management techniques, and
high rainfall variability [10,11]. The bulk of the area in this watershed is covered with
clay loam soil [12] and is often found in strip grazing regions with poor vegetation cover
exposing the regions to gully erosion [13].

Effective land use and adoption of best management practices are essential for erosion
mitigation [14,15]. Conducting a thorough assessment of the watershed is the first step
in selecting the best management approach [16]. However, adaptation of conventional
methods for investigation of soil erosion at large catchment levels is tedious and time-
consuming and therefore demands alternative cost-effective techniques. Currently, the
SWAT model is widely used for identifying erosion-prone areas in the watershed and
evaluating best management practices.

SWAT [17] is a hydrological model developed by the United States Agriculture De-
partment in 1998. The literature finds the model to be very effective in estimating the rate
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of erosion under a wide range of soil conditions, land uses, and conservation regimes [18].
Before performing a hydrological simulation, it is necessary to carry out an uncertainty
analysis because there exists a lot of uncertainty arising from a variety of sources [19,20].
The proportion of observed data and level of uncertainty is indicated by 95 PPU (95%
prediction uncertainty) [21].

Effective natural resource management is vital for boosting productivity of agricultural
land and prevention of soil erosion [22]. Nowadays, there are many management options
available [23], but in order to make the best selections, it is necessary to evaluate each
option’s operational success. The SWAT model can help evaluate various SC practices, such
as terraces, filter strips, contouring, and grassed waterways [23].

A literature survey revealed that the issue of soil erosion in the Tekeze watershed,
Ethiopia, East African region, had never been addressed before, which invoked the need
for such a study. Therefore, this study investigated the spatial and temporal variation of
erosion and identified the best SC practices for erosion-prone regions. To economize and
enhance the field applicability, priority areas were also identified for the implementation of
SC measures.

2. Data and Method
2.1. Location of the Study Area

Tekeze watershed (area = 56,898 km2 approximately) lies between two regional
states of Ethiopia [24], Amhara and Tigray, between longitudes of 36◦47′18.27′′ E and
39◦52′13.22′′ E and latitudes of 12◦15′21.32′′ N and 14◦47′41.16′′ N (Figure 1). The elevation
of catchment varies from 695 to 4523.77 m. The Nile River receives 13% of the annual total
flow during dry periods and 22% during the flood season from Tekeze River [11,25].

Figure 1. Location of the research area (a) Africa map; (b) Ethiopia map; (c) Tekeze watershed.

The basin experiences comparatively long dry seasons and a highly variable rainy
season in the months of July to September [25]. The basin’s minimum and maximum
temperatures are approximately 12.5 ◦C and 24.8 ◦C, respectively, and average annual
rainfall varies from 600 mm to 1200 mm [26].
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This watershed is characterized by deforestation and overgrazing practices in some
steeper areas [27], and the major topography is sloping terrain with a slope range of
8–15% that covers approximately 39.02% of the total area [28]. The steep terrain is mostly
located in the catchment’s middle and upper reaches, which are often exploited as grazing
grounds [29]. This type of topographical feature accounts for 24.40% of the total area. The
moderately steep topographies present in the middle and lower ends of the watershed
account for 17.35% of the total area. The terrain covers about 15.95% of the total area and is
located in the watershed’s middle and lower reaches.

2.2. Methodology

The SWAT model [17] was employed in this study to evaluate soil erosion and soil
conservation measures. The model is interfaced with ArcGIS [17], which was used to
delineate the watershed and extract river streams. The model was then used to simulate
stream flow in the watershed, which is essential for understanding the movement of water
and sediment within the system [30]. The model requires several input data [31], including
land use/land cover, soil, elevation, slope, and meteorological data of the watershed, to
simulate the hydrological processes of the watershed.

To evaluate the effectiveness of soil conservation measures in reducing soil erosion,
different scenarios were simulated using the SWAT model. For each scenario, different soil
conservation practices were applied, and the results were compared to determine the most
effective measures. The methodology used in this study is presented in Figure 2, which
outlines the general steps involved in utilizing the SWAT model to assess soil erosion and
evaluate the effectiveness of soil conservation measures in reducing it. The use of the SWAT
model allows for a detailed and comprehensive evaluation of soil conservation measures
in a watershed, which can aid in the development of effective soil conservation strategies.

Figure 2. Methodology.
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2.3. Criteria for Model Evaluation

Hydrological models have been applied to assist in the planning of soil and water
conservation practices [32]. The models are capable of simulating hydrological processes
as well as tracking sediment and flow transport in the drainage network. The SWAT
model was developed by the U.S. Agricultural department of (USAD) in 1993 [33]. The
model currently is popularly used in the United States and worldwide due to its efficacy
in assessment of water quality and sediment yield in the watershed [34]. However, there
exists some uncertainty with the model application [35]. This uncertainty mostly comes
from the measured data, model structure, or input data. As a result, it is necessary to
perform an uncertainty analysis before a hydrological simulation for a watershed. The
SWAT model calibration, sensitivity analysis, and prediction of uncertainty are conducted
with algorithms such as SUFI-2, ParaSol, GLUE, and PSO, which are integrated with SWAT-
CUP 2012 [36]. Several statistical criteria such as NSE, R2, PBIAS, and RMSE are broadly
used for proper model calibration and validation [37]. These statistical criteria reflect the
connection between observed and simulated results. R2 varied from 0 to 1; a value close to
0 implies no relationship between the observed and simulated results, whereas a value close
to 1 shows a perfect relationship between them. Mathematically, these are expressed as:

R2 =

 ∑n
i=1
(

Mo−Mo
)(

Ms−Ms
)√

∑n
i=1
(

Mo−Mo
)2

∑n
i=1
(

Ms−Ms
)2

2

, 0 ≤ R2 ≤ 1 (1)

NSE = 1− ∑n
i=1(Ms−Mo)2

∑n
i=1
(

Ms−Ms
)2 ,−∞ ≤ NSE ≤ 1 (2)

PBIAS =
∑n

i=1(Mo−Ms)
∑n

i=1(Ms)
× 100,−100 ≤ PBIAS ≤ 100 (3)

where Mo and Ms are observed and simulated data and Mo and Ms are the mean of
observed and simulated values, respectively, and n indicates the number of data points.

2.4. Universal Soil Loss Equation (USLE)

The quantity of soil erosion that happens in upland areas as a result of sheet and
rill erosion is predicted using the mathematical formula Universal Soil Loss Equation
(USLE) [38,39]. This formula takes into account several factors that contribute to soil loss,
such as the slope of the land, the type of soil, the amount of vegetation cover, and the
intensity and duration of rainfall. The USLE formula is expressed as:

A = R K LS C P (4)

where:
A = the potential soil loss in tons per acre per year;
R = the rainfall erosivity factor, which takes into account the amount and intensity

of rainfall;
K = the soil erodibility factor, which measures the susceptibility of the soil to erosion

based on its texture, structure, and organic content;
LS = the slope length and steepness factor, which reflects the effect of the slope on the

amount of soil loss;
C = the cover and management factor, which considers the amount and type of

vegetation cover and the farming practices used on the land;
P = the support practice factor, which represents the effectiveness of conservation

practices in reducing soil loss.
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2.5. Required Data for Simulation of the Model

SWAT models [40], as explained in the introduction, are used to predict or analyze a
hydrological system or process, such as river flow or sediment transport. To accomplish
this, the model employs several inputs from various sources [31], which are described in
the following statement:

Meteorological data: This refers to weather-related data, specifically maximum and
minimum temperatures and precipitation [41]. These variables can influence the amount of
water flowing through a system (e.g., through snowmelt or rain) and thus are important
for modeling hydrological processes.

Spatial data: This refers to information about the physical characteristics of the land-
scape surrounding the hydrological system [42], which can also affect how water moves
through it. The specific types of spatial data used in the model include digital elevation
model (DEM) data Figure 3, which describes the elevation of the land surface, as well as
soil and land use data. Soil data can help to predict how water will be absorbed or drained
by the ground [43], while land use data can indicate how much water is being diverted for
human uses such as agriculture or urbanization.

Figure 3. DEM of Ethiopia map (A); DEM of Tekeze watershed (B).

Hydrological data: Finally, the model also uses data directly related to the hydrological
system being studied, including discharge (the amount of water flowing through the
system) and sediment data (the amount and type of sediment being carried by the water).
These variables can be used to calibrate the model [44], as well as to test its accuracy by
comparing predicted values to observed ones. These data were collected from various
sources, and the detailed information about the data and sources is presented in Table 1.

This table provides a summary of the different types of data used in the model,
along with the specific variables measured and the sources of the data. For example, the
meteorological data includes information about maximum and minimum temperatures,
as well as precipitation, which were obtained from the Ethiopian National Meteorology
Service Agency. The spatial data includes a digital elevation model (DEM) from the earth
explorer.usgs.gov, as well as soil, discharge, sediment and land use data from the Ethiopia
Ministry of Water, Irrigation, and Electricity.

explorer.usgs.gov
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Table 1. Input data and source.

Input Data Description Source References

Meteorological data Max and Min temperatures, solar radiation,
wind speed, and relative humidity

Ethiopian National Meteorology
Agency (ENMA) [45,46]

Spatial data DEM https://earthexplorer.usgs.gov/ [47,48]

LULC and Soil data

Ethiopia Ministry of Water, Irrigation,
and Electricity (EMWIE), and

additional image classification is
performed using Erdas 2018.

[49,50]

Hydrological data Discharge and sediment data Ethiopia Ministry of Water, Irrigation,
and Electricity (EMWIE). [49,50]

2.6. Soil and Land Use
2.6.1. Soil

According to [51], vertic cambisols, cambisols, and leptosols are the three main soil
groups in this watershed, while the predominant soil textures are clay, sandy loam, clay
loam, and loam (Figure 4). Clay-loam (Table 2) texture covers the majority of the watershed,
which is 71.3% of the total area. In addition, other soil types such as sandy loam, clay, and
loam cover 12.2%, 8.28%, and 8.14% of the watershed, respectively. The soil texture such
as sandy loam and clay are typically found in strip grazing areas and area closures in the
watershed. In addition, these regions in the watershed have scarce vegetation cover and
are frequently exposed to gully erosion, which negatively affects the soil fertility.

Figure 4. Soil classifications code.

https://earthexplorer.usgs.gov/
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Table 2. Description soil-code.

No. Soil-Code Soil-Texture Name No. Soil-Code Soil-Texture Name

1 Ao41-2bc Loam 8 Bh4-2c Loam
2 Ao63-3b Loam 9 Ne15-3c Clay
3 Bd31-2c Loam 10 Ne20-3b Clay
4 Be50-2/3c Clay-loam 11 Qc2-1bc Sandy-loam
5 Be9-3c Clay 12 Qc5-1c Sandy-loam
6 Bh12-3c Clay-loam 13 Re59-2c Loam
7 Bh13-2/3c Clay-loam 14 Xh19-2a Clay-loam

2.6.2. Land Use Land Cover

The watershed has good vegetation cover, particularly in the lower and middle regions,
especially near the natural drainage (Figure 5). Furthermore, the area under church control
has a greater natural vegetation cover [52,53] with predominating woody acacia species
and shrubs.

Figure 5. Land use land cover of the watershed.

The ground vegetation cover in the watershed has been rapidly reducing recently.
Currently, the vegetation covering the watershed is 17% closed shrub, 21.16% open shrub,
7.8% dense forest, and 16.57% annual crop [54].

3. Results and Discussion
3.1. SWAT Sensitivity Analysis

SWAT [55] uncertainty and sensitivity analysis is performed using the SUFI-2, ParaSol,
GLUE, and PSO methods, which are available in the SWAT-CUP tool, and the SUFI-2
algorithm is chosen since it provides the best simulation results for this investigation.
There are 27 predictor parameters in the model [56], and the sensitive parameters are
chosen based on the p-value and t-stat. More sensitive parameters are recognized by their
values [57], which have the biggest absolute values of the t-stat and a p-value approaching
zero, as shown in Table 3. The sensitivity parameter means the parameters which have a
meaningful impact on the outcome of predicted or simulated results.
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Table 3. Selected sensitive parameters.

Parameter Description p-Value t-Stat Fitted
Values

Rank of
Sensitivity

SOL-AWC Soil water allowable capacity 0.0 −4.96 0.16 1
ESCO.hru Soil factor 0.0 4.08 0.05 2

SLSUBBSN.hru Average slope length 0.05 3.49 44.3 3
SOL-BD Soil bulk density 0.55 −3.47 −0.02 4
CN2.mgt Curve number 0.85 2.56 0.04 5

GWQMN.gw Groundwater level is needed for
return flow to proceed 0.56 0.56 2410 6

SOL-K Soil Hydraulic conductivity (mm/h) 0.63 0.48 −0.09 7
GW-DELAY Groundwater delay (day) 0.78 −0.29 88.7 8
ALPHA-BF Base-flow factor (day) 0.81 −0.25 0.38 9

3.2. Calibration and Validation of the Model

The effectiveness of the SWAT model largely depends on the careful selection of sensi-
tive parameters [58,59] as well as on the extent of its calibration and validation. Calibration
is the process of revising parameters in the model until the simulation is close to the ob-
served or meets the needed (i.e., optimal) requirements, whereas validation is carried out
on the data not used in calibration employing the calibrated model parameters [60,61]. Cal-
ibration and validation are performed in this study using SWAT-CUP 2012, which employs
several algorithms [55,62] (SUFI-2, ParaSol, GLUE, and PSO) for uncertainty analysis, cali-
bration, and validation, but this study employs the SUFI-2 algorithm because it produces a
better relationship between observed and simulated outputs. A minimum of 400 simulation
trials were carried out for each run. The resulting R2-value in calibration is 0.7 (Figure 6),
and it is 0.9 in validation (Figure 7). Similarly, the corresponding Nash–Sutcliffe (NS)
coefficients are 0.8 and 0.7 in calibration (Figure 6) and validation (Figure 7), respectively.
These indicate satisfactory model calibration and validation.

Figure 6. Observed and simulated data during calibration.

Figure 7. Observed and simulated data during validation.
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3.3. Identification of Erosion-Prone Area

Nowadays, the topic of soil conservation [63] is gaining a lot of attention for reducing
soil erosion as it is quite detrimental to the global economy, by lowering production and
reservoir capacity [64]. There are many different management approaches that can be
used to conserve soil [65]. This study uses the SWAT model to examine the erosion-prone
locations and prioritize them for proper management strategies. The primary benefit
of identifying erosion-prone areas is to increase the effectiveness of the management
practice, as soil conservation requires significant investment and time, particularly in large
watersheds. According to [66], erosion rates are classified into five classes useful in the
identification of areas most prone to erosion. For more in-depth research, the Tekeze
watershed is subdivided into 34 sub-basins, of which 5 have very serious erosion problems
and 2 have medium concerns. Figure 8 shows the degree of erosion in each sub-basin.

Figure 8. Sediment yield at each subbasin.

3.4. Best Management Practices

In the SWAT model, there are many management practices that can be used to reduce
erosion [67], such as grassed waterways, terracing, filter strips, contour farming, and
stone/soil bunds. However, the selection and employment of these practices must be based
on specific criteria that take into account various factors such as soil, land use, geography,
climate conditions, and national policy requirements [68].

Soil type is an important factor to consider when selecting erosion control practices [69].
Different types of soil have different levels of erodibility [69], which can affect the effec-
tiveness of certain practices. For example, practices such as terracing and contour farming
may be more effective on steep, sloping soils, while filter strips are more effective on flat,
loamy soils.

Land use is another important factor to consider. Different land uses require different
management practices to control erosion [70]. For example, practices such as grassed
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waterways and filter strips are more effective in agricultural areas, while stone/soil bunds
are more effective in urban areas.

Geography also plays a role in selecting erosion control practices. The topography of
the land can affect the effectiveness of certain practices [71]. For example, terracing may
be more effective in mountainous areas with steep slopes, while filter strips may be more
effective in low-lying areas with gentle slopes.

Climate conditions are another important factor to consider [72]. Different climates
can affect the effectiveness of erosion control practices. For example, practices such as
grassed waterways and filter strips are more effective in areas with high rainfall, while
stone/soil bunds are more effective in areas with low rainfall.

National policy requirements are also important to consider when selecting erosion
control practices [69,73]. Different countries may have different policies and regulations
regarding land use and erosion control. For example, some countries may require the use
of certain practices such as filter strips or grassed waterways in agricultural areas.

In summary, the selection and employment of erosion control practices must be based
on specific criteria that take into account various factors such as soil, land use, geography,
climate conditions, and national policy requirements [69]. By considering these factors, in
this study, most effective erosion control practices are identified and employed to reduce
soil erosion and protect watersheds. Based on these criteria and national guidelines [74],
the grassed waterways, terracing, and contour are chosen for this study. The selected four
scenarios are listed as follows:

Scenario 1. Base line scenario

In this scenario, no management practice is used to reduce erosion and no model
parameters are varied for erosion control. Instead, the amount of erosion in watersheds is
determined by considering the existing conditions such as, land use, soil, and topography
of the watershed. This scenario is primarily used to determine the effect of implemented
management options on erosion reduction by serving as a reference point. The model
simulation results show that five sub-basins (viz., 3, 5, 14, 27, and 28) have high erosion
problems with erosion magnitudes ranging from 16.9 to 33.4 tonnes per hectare per year,
while the other five sub basins (viz., 2, 22, 23, 24, and 25) have medium problems with
erosion magnitudes ranging from 6 to 16.8 tonnes per hectare per year (Figure 9).

Figure 9. Rate of erosion in the basin without any conservation measure.

Scenario 2. Terracing

Terracing is commonly used on steep agricultural fields. It is built across the contour
with multiple regular spacings, and it works better when paired/coupled with contour
farming and other management methods. In this model, the curve number (CN2), slope
length (SLSUBBSN), and management support practice (USLE P) were utilized to evaluate
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the effect of this SC practice. Three model parameters were adjusted in the model run.
These are SLSUBBSN reduced by 50%, CN2 reduced by three units, and USLE_P replaced
by 0.16. According to the results (Figure 10), the average reduction in erosion across the
watershed is 35.11%.

Figure 10. Erosion rate after implementation of terracing conservation measure.

Scenario 3. Contour farming

This mechanism is most successful for land with a slope of 3 to 8% and it is imple-
mented by planting along a slope’s contour lines, which increase infiltration and minimize
runoff by trapping water in small depressions leading to a reduction in sheet and rill
erosion. Two model parameters, the management support practice (USLE P) and curve
number (CN2), had a greater impact than others. For this analysis, USLE P was modified
to 0.56 and CN2 was reduced by three units, resulting in an 18.76% reduction in average
erosion (Figure 11).

Figure 11. Erosion rate in the basin after implementation of contour conservation measure.

Scenario 4. Grassed waterway

This scenario is a method of covering the land surface with grass, usually on the banks
of channels, in order to safely remove flow. The correcting parameters in the model for
a grassed waterway are Manning’s roughness coefficient (N), CN2, and USLE_P; for this
study based on the manual, USLE P was modified to 0.05, n to 0.18, and CN2 was reduced
by 2. As shown in Figure 12, the mean erosion is reduced by 27.12% as a result of the
utilization of this mitigation.
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Figure 12. Erosion rate in the basin after implementation of grassed waterway conservation measure.

3.5. Comparison of Best Management Options

In the Tekeze watershed, the amount of erosion varies significantly across its sub-
basins, ranging from 0.7 ton/ha/yr to 33.36 ton/ha/yr, with an annual average of 7.08 tonnes
per hectare per year (Figure 13). As discussed in Section 3.4, the selection of the best con-
servation practices depends on several factors, including soil type, slope, and land cover.
In the case of the Tekeze watershed, it is characterized by a mountainous region with an
elevation that ranges from 695 m to 4524 m. Therefore, terracing is considered to be the
most effective conservation method as it is suitable for the steep slopes of the area, while
filter strips are more effective in low-lying areas with gentle slopes.

Figure 13. Comparison of conservation methods: (a) baseline scenario; (b) terracing; (c) contouring;
(d) grassed waterway.

The selection of terracing as the preferred method is also supported by the analysis
results presented in Figure 13. Terracing has shown the highest percentage of reduction in
erosion (35.18%), followed by grassed waterways (27.11%), and contouring (18.76%). It is
also observed that the effectiveness of each conservation method varies across different
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sub-basins. Sub-basins 6, 20, and 30 have shown high levels of erosion reduction when
using grassed waterways; sub-basins 9, 20, and 31 have shown high levels of reduction
when using contour methods; and sub-basins 6, 16, and 20 have shown high levels of
reduction when using terracing methods. The details of the erosion reduction for each
sub-basin can be found in Table 4 and Figure 13.

Table 4. Rate of erosion after using various conservation practices.

SUB Grassed Contour Terracing SUB Grassed Contour Terracing

1 1.97 7.66 8.32 18 0.166 0.166 0.28
2 2.81 1.61 3.09 19 0.265 0.118 0.29
3 7.08 5.95 8.26 20 0.051 0.057 0.06
4 0.135 0.03 −0.53 21 0.048 0.02 −0.21
5 8.62 6.33 9.94 22 0.223 0.39 0.87
6 2.96 0.76 2.98 23 1.82 1.1 2.74
7 0.88 0.09 1 24 2.769 2.37 3.39
8 0.064 0.193 0.15 25 2.97 0.23 −0.06
9 0.28 0.67 0.12 26 0.42 1.488 −2.76
10 1.71 0.63 0.3 27 8.755 3.28 14.61
11 2.19 1.22 2.32 28 5.734 3.1 9.53
12 0 −0.04 0 29 0.604 2.57 1.06
13 0.322 0.14 0.1 30 0.811 0.07 0.85
14 5.224 1.3 9.24 31 0.212 0.41 0.17
15 0.226 0.18 0.28 32 4.86 2.5 5.93
16 0.925 0.26 1.95 33 0 0 0
17 0.0855 0.05 0.12 34 0.038 0.22 0.23

4. Conclusions and Recommendations
4.1. Conclusions

This statement discusses the importance of assessing different land management
options to identify the best approach for soil and water conservation in hydrological
systems. The study mentioned in the statement uses the Soil and Water Assessment Tool
(SWAT) model to evaluate four different approaches based on factors such as topography,
soil type, climate, and previous management practices.

The four approaches evaluated in the study are terracing, contouring, grassed water-
ways, and baseline scenario. The study reveals that terracing is the most effective approach
for soil and water conservation in the Tekeze watershed. Terracing is a land management
technique that involves building small, level platforms on steep slopes to reduce soil erosion
and water runoff.

The findings of the study show that the terracing approach is capable of reducing soil
erosion by 16.42% and 8.07% more than the contouring and grassed waterway approaches,
respectively. This indicates that terracing is a highly effective approach for soil and water
conservation in the Tekeze watershed.

Overall, the study highlights the importance of evaluating different land management
approaches to identify the most effective strategy for soil and water conservation in Tekeze
catchments. The use of models such as SWAT can help researchers and land managers
make informed decisions about the best land management practices to adopt in their area,
taking into account factors such as topography, soil type, and climate. In this case, the
study’s findings suggest that terracing is the most effective approach for soil and water
conservation in the Tekeze watershed.

The main challenge in developing countries is that there is a lack of funding for
soil conservation despite the high demand for SC. Therefore, erosion-prone regions were
identified in the study area, and areas prioritized for conservation, which can help reduce
the investment costs and improve the efficiency of work.
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4.2. Recommendations

Depending on the finding of the paper, we propose the following recommendations:
Implementation of the proposed soil conservation measures: The study recommends

the implementation of the proposed soil conservation measures, including terracing, con-
touring, and grassed waterway scenarios, in the Tekeze watershed. These practices have
been shown to significantly reduce soil erosion and improve soil fertility. Implementing
these measures in other watersheds facing similar challenges can also help to mitigate the
adverse effects of soil erosion and ensure sustainable agricultural production.

Prioritization of cost-effective conservation measures: The study identifies priority
areas for cost savings and improved work efficiency in implementing soil conservation
measures in large watersheds. This can help to reduce the investment costs of implement-
ing these measures and improve their efficiency. We recommend that policymakers and
practitioners prioritize these cost-effective conservation measures to ensure the effective
implementation of soil conservation practices.

Integration of innovative technologies: The use of innovative technologies, such as
the Soil and Water Assessment Tool (SWAT) model used in this study, can help to improve
the accuracy and effectiveness of soil conservation measures. We recommend that future
research explores the integration of innovative technologies in soil conservation practices
to enhance their effectiveness and sustainability.

5. Innovative Contributions of the Paper

The paper presents several innovative contributions. Firstly, it evaluates the spatio-
temporal variation of soil erosion in the Tekeze watershed located in Northern Ethiopia,
which is critical for maintaining the reservoir service life and increasing the yield of the
land. Secondly, it identifies and evaluates the best soil conservation practices for the wa-
tershed, including baseline, terracing, contouring, and grassed waterway scenarios, using
the popular SWAT model. Thirdly, the paper proposes priority areas for cost savings and
improved work efficiency in implementing soil conservation measures in large watersheds.
Finally, the paper highlights the significant impact of these practices in reducing soil erosion
and improving soil fertility, which are crucial for sustainable agriculture and environmen-
tal conservation. Overall, these innovative contributions offer important insights into
soil conservation and watershed management that can help inform future research and
policy decisions.
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