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Abstract: The main objective of this study was to examine the implications of watershed management
(WSM) on hydrological parameters in the Aba Gerima watershed in the Upper Blue Nile Basin. The
Hydrus 1D model simulations were conducted in control sites and sites under WSM to estimate
various components of the hydrologic cycle, using different soil physical & hydrological data under
each category of experimental sites. Results were calibrated with measured soil moisture data through
inverse solutions. Thus, Hydrus 1D model was found to be effective in predicting results, with R2

values of 0.73 to 0.853 and RMSE values ranging from 0.015 to 0.04. The cumulative evaporation
estimated for 365 days for control sites was 37.6% higher than that of sites under WSM. Surface and
bottom fluxes in the sites under WSM were 4.6% and 12.5%, respectively, higher than the control
sites. This could be attributed to the increased soil water availability resulting from the implemented
WSM practices in Aba Gerima, and the results of this study can be used as empirical evidence of
the positive implications of WSM on water availability. Finally, WSM should be strengthened by
concerned bodies and development partners in all watersheds, especially where water availability is
affected by severe land degradation.

Keywords: Hydrus 1D; water availability; bottom flux; surface flux; watershed management; upper
Blue Nile

1. Introduction

Watersheds are biophysical systems which define the land surface that drains water
and waterborne sediments, nutrients, and chemical constituents to a point in a stream
channel or a river defined by topographic boundaries [1,2]. A watershed is also the
system used to study the hydrologic cycle and to reveal how human activities influence
components of the hydrologic cycle [1]. Ethiopia has potentially huge water and land
resources suitable for agriculture to achieve food security. The country has 12 river basins
with an annual runoff volume of 122 billion m3 of surface water, and 2.6–6.5 billion m3 of
groundwater potential [3]. However, the high spatial and temporal variability in Ethiopian
water resources makes it difficult to make use of them for poverty reduction and to attain
food security. The country continues to be food insecure and is unable to irrigate over 5%
(1850 km2) of the potential irrigable area [3,4]. The Upper Blue Nile (UBN) basin is the most
important river basin in Ethiopia, because it accounts for a major share of the country’s
irrigation and hydropower potential. Although the Ethiopian highlands contribute more
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than 80% of the flow to the Nile River, only a tiny portion of the Nile water is used in
Ethiopia for irrigation [4].

The problem of land degradation is typical of the Ethiopian highlands [5]. The com-
bined effects of deforestation, overgrazing and agricultural expansion, unwise consumption
of natural resources, fragile soils, undulating terrain, and heavy seasonal rains make the
Ethiopian highlands vulnerable to soil erosion by multiplying surface runoff and reducing
recharge and soil fertility [6].

Watershed management (WSM) practices are nonstructural and structural actions
taken in a watershed to increase productivity of the watershed [1]. WSM is one of the
major factors which influences the water resource availability of the area by reducing
land degradation and biodiversity loss. Major land use and land cover (LULC) changes
have been observed since the late twentieth century in various parts of Ethiopia [7,8]. In
particular, studies focusing on the Ethiopian highlands have shown an increase in the
expansion of agricultural land, to the detriment of natural forests. Some studies maintain
that the deforestation trend has recently decreased, and vegetation cover has increased in
some parts of Ethiopia due to plantation operations on degraded hillsides [9].

Our study area, the Aba Gerima watershed in the Upper Blue Nile/Abbay River Basin
shows evidence of unwise and improper use of natural resources, especially water and land
resources. Water demand in the area has increased to meet high population growth, the
needs of underdeveloped irrigation systems on commercial farms, and increased demands,
mainly for khat irrigation [10]. The survey revealed that water scarcity in the region is
largely driven by the irrigation demands of khat, which exceed other consumption.

Land degradation also causes the reduction of water available to the plant through
removing the productive top soil. Sheet erosion and gully formation are the main forms
of land degradation in the Aba Gerima watershed. Based on this, it is necessary to im-
prove the water resource potential of the watershed by conducting effective WSM practices.
The Ethiopian Government and various development partners have invested a consid-
erable amount over the past three decades in establishing and supporting sustainable
land management practices as part of their efforts to improve the natural environment,
ensure food security and reduce poverty (e.g., [5,7]). As part of WSM practices, physi-
cal structures, such as short trenches, soil and stone bunds, cut-off drains, check dams,
hillside terraces, and area closures have been combined with biological measures, such
as vegetation establishment, and applied to a watershed to prevent soil erosion and its
consequences [11].

These WSM activities have also been applied to the Aba Gerima watershed in order
to prevent soil erosion, land degradation, ground water depletion and to promote surface
water resource improvement [10–13]. However, there is not enough empirical evidence
exposed on the implications of most of the promoted WSM activities on water availability.

This study focused on providing empirical evidence on the effects of those imple-
mented WSM practices on the availability of surface and groundwater in Aba Gerima. The
study was carried out by comparing the water availability in control sites with correspond-
ing sites under WSM. Hydrus 1D modeling of water balance components was applied to
examine the availability of water in the watershed.

2. Materials and Methods
2.1. Study Area

Aba Gerima is a micro watershed located in the Amhara region, West Gojam zone,
Bahir Dar Zuria Woreda. It is about 15 km north-east of the regional capital, Bahir Dar. The
Aba Gerima watershed extends into three Kebelles, namely, Robit Debre Tsion in the north-
west, Gonibat Abagerima to the north and north-west, and Laguna Abune Hana to the
south and south-west, but most of the watershed is found in the Gonibat and Aba Gerima
kebelles. The watershed covers around 900 ha of an area located in the Tana sub-basin
near Lake Tana. Geomorphologically, the area has various relief patterns and structures
which result in diverse land use systems and land cover types. According to the Water
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and Land Resource Center (WLRC; http://www.wlrc-eth.org, accessed on 1 January 2021),
the average annual rainfall in the watershed is 1300 mm and the daily mean temperature
is 20 ◦C. Four categories of soil type are dominant in Aba Gerima: orthic luvisols, eutric
nitisols, dystric nitisols and dystric gleysols. Loam and clay-loam soils are the dominant soil
texture of the watershed. As a part of the north-western Ethiopian plateau, the Aba Gerima
watershed is geologically laid on a thick basaltic succession of tertiary and quaternary lava
flows [12], making the elevation of the highland 2120 m above mean sea level (AMSL). The
elevation difference between highest and lowest points in the watershed (1893 m and 2120
m) is about 227 m; as a result, most of the areas in the watershed have flat and almost flat
geomorphological slopes.

Previous researchers [13,14] have described the major land use changes in the Aba
Gerima watershed (treated) and neighbouring Zigba watershed (control) within the period
from 2013 to 2019. According to Berihun et al. [14], forest land was the dominant LULC
class accounting for 32.0% in the Aba Gerima watershed in 1982; currently, cultivated land
is the major land use type. Gumma et al. [13] also described that 937 ha of terrace structures
on cultivated land, 15 ha of check dams for gully treatment, 61.5 ha of hills rehabilitation
and 1458 ha of other biological methods have been applied to rehabilitate the Aba Gerima
area from 2012 to 2017.

2.2. Data Source

A range of data were collected for Hydrus 1D modeling and analysis of the study
sites, together with some remote sensing data which were collected and analyzed to
describe the study area (Table 1). Topographic data, such as elevation, slope gradient and
geomorphic parameters were derived from a Digital Elevation Model (DEM) of 30 m spatial
resolution, obtained from USGS Earth explorer (https://earthexplorer.usgs.gov/, accessed
on 1 September 2021), and were analyzed for the extraction of a stream network [15]. Soil
data of the most important soil parameters required for the model were found from in situ-
measured and recorded data from WLRC, and a soil-type map obtained from the Ministry
of Agriculture was applied in the study area description. Mean daily precipitation and the
daily maximum and minimum air temperatures were collected from a weather station in
the Aba Gerima watershed (Figure 1) to use as an input in the Hydrus 1D model for our
study period. Land management with soil physical and hydrological data was collected
from WLRC and applied in Hydrus 1D water flow and root water uptake modeling. This
included quality-controlled in situ volumetric soil moisture measurements (m3 m−3) from
the Aba Gerima watershed, collected from August 2017 to May 2019 at different soil layers
(i.e., 100 mm, 200 mm, 300 mm, 400 mm) [16]. Additionally, a high-resolution land use map
was also used to describe the land use character of the watershed.

Table 1. Data type used in the study and their respective sources.

S/N Data Type Data Source Purpose

1

Soil Physical and Hydrological Properties
(Soil moisture, textural composition, Bulk density,

Organic content under 400 mm depth within
August 2017 to May 2019)

Mersha et al. [16] Modeling water balance
components

2 Crop Growth data (soil depth) Kebelle/District Farmers
Training centers (FTC)

Modeling water balance
components

3
Meteorological Data

(Max.–Min daily T in ◦C, Mean daily Ppt in mm)
within August 2017 to May 2019)

WLRC Modeling water balance
components

4 Digital elevation Model (DEM) USGS Earth explorer (https:
//earthexplorer.usgs.gov/) Study area description

5 Soil type Map WLRC Study area description

http://www.wlrc-eth.org
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
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Table 1. Cont.

S/N Data Type Data Source Purpose

6 Ground water level and wells location Field survey of the study site
(Aba Gerima) Water availability assessment.

7 Aba Gerima shape file and Land cover map. WLRC High resolution study area
LU map.
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under steep (S) with SLM, Site 6: CL under Flat (F) control, Site 7: CL under Gentle (G) control, and 
Site 8: CL under steep (S) control. 
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Figure 1. Location of experimental sites under the treated watershed (Aba Gerima) and untreated
watershed (Site 1: Open grazing land (control), Site 2: Area closure, Site 3: cultivated land (CL) under
Flat (F) with Sustainable Land Management (SLM), Site 4: CL under Gentle (G) with SLM, Site 5: CL
under steep (S) with SLM, Site 6: CL under Flat (F) control, Site 7: CL under Gentle (G) control, and
Site 8: CL under steep (S) control.

2.3. Hydrus Model Set Up

The main focus of this study was Hydrus 1D modeling to simulate water balance
components using water flow and root water uptake models. The output of the model,
which estimated water balance components in the study sites, was to compare the water
availability of the study sites under WSM with the control sites. The selected method would
allow us to assess the water availability implications of WSM practices in Aba Gerima,
since there wasn’t enough baseline data regarding hydrology & environmental conditions
of the watershed to compare with post implementation conditions. The Hydrus 1D model
simulations of water balance components were conducted in control sites and sites under
WSM to estimate inflow and outflow components of the hydrologic cycle. The inflow
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components include infiltration, soil water content, recharge and dry-time surface runoff.
The outflow is actual evaporation, transpiration (actual root water uptake) and wet-time
surface runoff. Based on simulation results of those water balance components, the sites
under WSM practices have been compared with control sites (as in Figure 1) to determine
which group of sites has better water availability, as described in terms of infiltration,
surface runoff (surface flux) in dry-time, soil water storage and recharge (bottom flux).
However, actual evaporation and transpiration (root water uptake) indicate that the water
leaves the system in the study period. Therefore, the sites that show a higher amount of
actual evaporation and root water uptake have less available water, since both groups of
sites are assumed to have the same climatic conditions.

Soil properties, such as textural class, soil organic carbon, bulk density, and soil
moisture content were measured at eight sites at 100 mm depth intervals (i.e., 100, 200, 300,
400 mm). Based on this, the thickness of the soil profile under analysis was 400 mm. Most
of the soil profile in the measured soil layers was dominated by clay, clay loam and loam
soil textural classes in the study sites.

Hydrus 1D software was used for modeling water flow components and Microsoft
Excel was applied to process the raw output data in an organized and meaningful way.
Hydrus 1D is a program which solves the Richards equation numerically for water flow. The
van Genuchten-Mualem equation [17] models the variation of K(h) with soil water content.

θ(h) = θr +
(θs − θr)[

1 + (αh)n]m , h < 0 (1)

θ(h) = θs , h > 0 (2)

K(h) = KsS1
e

[
1 −

(
1 − S

1
m
e

)m]2

, K(h) = Ks f or h ≥ 0 (3)

Se =
(θ + θr)

(θs − θ)
, f or m = 1 − 1

n
, n > 1 (4)

where, θr and θs are residual and saturated water content, respectively, Ks is saturated hy-
draulic conductivity, Se is effective saturation; empirical coefficients which are α, the inverse
of the air-entry; distribution of pore-size index, n and parameter of a pore-connectivity.

The flow equation includes a sink term to account for water that plant roots take up.
Besides this, the Rosetta V1.0 program was used in the estimation of hydraulic properties
from the surrogate soil data, such as soil texture data and bulk density. The Rosetta V1.0
program is a Pedotransfer functions (PTFs) model which converts basic soil data into
hydraulic properties [17].

One-directional water flow of uniform single-layered soil profiles, and 1D water
flow of non-uniform multi-layered soil profiles were also analyzed using the Hydrus 1D
model. The input data to calculate 1D water flow and root water uptake was collected
and inserted to obtain simulation results. This methodology was selected since data for
meteorological conditions, in situ soil information, crop growth, root depth, and ground
water level were available for the study area (Table 1). The program for Hydrus 1D model
is freely available at https://www.pcprogress.com/en/Default.aspx?Downloads (accessed
on 1 January 2021).

3. Statistical Analysis

The level of agreement between measured and simulated soil moisture values can be
described in terms of statistical parameters, such as ME (Mean Error), RMSE (Root mean
square error), MAE (Mean weighted absolute error) & R-squared (R2).

https://www.pcprogress.com/en/Default.aspx?Downloads
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Mean Error (ME) sums up the variances and divides the result by n. An error in this
context is an uncertainty in a measurement, or the difference between the measured value
and true/correct value.

Mean Error = Sum of all error values/Number of records (5)

The RMSE of a simulated model with respect to the observed variable is defined as:

RMSE =

√
∑n

i=n (Xobs, i − Xmod, i)
2

n
(6)

where, Xobs is observed values, Xmod is simulated values at time i.
Mean Absolute Error (MAE) is a measure of errors between paired observations, such

as predicted versus observed, subsequent time versus initial time, and one technique of
measurement versus an alternative technique of measurement. MAE for the measured
& simulated values of soil moisture was calculated and displayed in the inverse solution
information window as the sum of absolute errors divided by the number of observations.

MAE =
∑n

i=1
∣∣XMod,i − Xobs,i

∣∣
n

(7)

R-squared (R2) is a statistical measure which explains the strength of the relationship
between and simulated and modeled soil moisture values. R2 explains to what extent the
variance of one variable explains the variance of the second variable. So, if the R2 of a
model is greater than or equal to 0.50, more than half of the observed variation can be
explained by the model’s inputs.

4. Results and Discussion
4.1. Hydrus 1D Simulation of Water Balance Components

The one-directional water flow model with root water uptake was simulated for water
balance components in the 365-day study period from 23 August 2017 to 2022 August 2018,
using the Hydrus 1D model for each of the eight selected sites under WSM and the control
sites. Table 2 shows the difference in major water balance components, such as evaporation,
soil water storage, and bottom flux. The results clearly indicate that, sites under WSM
practices have high values of water availability parameters, such as bottom flux (flow to
ground water zone) and soil water storage, with lower cumulative evaporation

Table 2. Summarized Hydrus 1D simulation results of major water balance components in in treated
and control sites.

Hydrologic Parameters
Control Treated Control Treated Control Treated Control Treated

AC ACE CLF1 CLF0 CLG1 CLG0 CLS1 CLS0

Mean Actual Surface Flux (mm/day) 4.7 4.6 4.537 4.526 4.314 4.244 4.24 4.43
Mean Actual Root water Uptake (mm/day) 0.2 0.22 0.045 0.021 0.046 0.044 0.046 0.019
Mean Bottom Flux (mm/day) 4.1 3.8 3.25 3.3 3.22 3.28 3.3 3.5
Annual Cumulative Infiltration (mm) 983.2 983.2 1152.3 1150.5 1152.3 1150.3 1150.3 1150.2
Cumulative Evaporation (mm) 47 33 326.67 319.68 329.05 322.7 321.37 294.24
Mean SWS (mm) 100.3 106 142.3 153.8 132.39 120.57 103.7 113.5

Notes: CL; cultivated land under (F) Flat, (G) Gentle, (S) Steep slopes; 0 = watershed management, 1 = controlled;
AC, Area closure; ACE, Area closure with structures.

4.2. Evaluation of Model Performance and Parameter Identification

The performance of the model was calculated using the collected volumetric soil
moisture data within the 365-day time series. The soil moisture data collected at different
depths (i.e., 100, 200, 300 and 400 mm) in all the eight experimental sites were used to
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calibrate the results of the Hydrus 1D SM results. The measurements of the in situ soil
water content were used to evaluate the performance of the model.

The graphs in the Figure (Figure 2) below show the calibration of the simulation results
of soil moisture content with some statistical measures (Table 3) in different layers for the
eight experimental sites.

Site 1 (AC), Site 2, (ACE), Site 3 (CLF0), Site 4 (CLG0), Site 5 (CLS 0), Site 6 (CLF1),
Site 7 (CLG 1) and Site 8 (CLS1).
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Figure 2. Simulated versus measured soil moisture (SM) data of all sites.

The simulated SM (theta) in the above output graphs of Hydrus 1D, plotted for each
single node or soil layer (N), was given as the no. of Ns represented by a unique color
in the plots. Each observation node N represents the soil layers within each 400 mm soil
profile per each experimental site. Based on this, the simulation result of soil water content
for a model was calibrated by any single-layer time series reading of measured soil water
content (D), including the average soil water content which best fits the simulation result.

Table 3 presents some explanations for commonly used statistical parameters applied
to test the model performance in the Hydrus model.

This study examined the implications of WSM practices on water availability in the
Aba Gerima watershed, and was conducted by analyzing physical and hydrological soil
properties, evaluating different hydrological parameters using the Hydrus 1D model in
different land management practices, and by examining the implication of WSM practices
on the comparative hydraulic properties of the study sites for a period of 365 days.
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Table 3. Level of agreement between measured and simulated SM data.

Sites Model Performance Sites Model Performance

AC

ME 0.00

CLS 0

ME 0.00
MAE 0.01 MAE 0.01
RMSE 0.02 RMSE 0.02

R2 0.86 R2 0.78

ACE

ME 0.00

CLF 1

ME −0.05
MAE 0.02 MAE 0.06
RMSE 0.03 RMSE 0.09

R2 0.77 R2 0.55

CLF 0

ME −0.16

CLG 1

ME 0.00
MAE 0.16 MAE 0.02
RMSE 0.17 RMSE 0.03

R2 0.77 R2 0.78

CLG 0

ME 0.01

CLS 1

ME 0.00
MAE 0.03 MAE 0.02
RMSE 0.04 RMSE 0.02

R2 0.79 R2 0.73
Note: ME, Mean Error; RMSE, Root mean square error; MAE, Mean weighted absolute error.

In addition to studying the data of in situ measured soil physical and hydraulic
properties, the study estimated the water balance component of each study site using
the Hydrus 1D model to compare simulation results of water balance components and to
quantify water availability in each of the eight study sites.

According to field observation and the baseline survey report [10], a significant amount
of work had been done in implementing sustainable land management practices in the
Aba Gerima watershed from 2012 to date [10,13]. Even though some of the structures
are currently damaged, it is still clearly evident that the area was once comprehensively
conserved in terms of environmental protection and land management. However, for
many reasons, the WSM practices implemented in the past were not sustainable, and had
many gaps in terms of maintaining best practices due to the absence of baseline data and
impact data. This makes it difficult to conduct further research on these implications in
the watershed, and to fill the gaps of WSM works to better implement more productive
projects. This study aimed to fill some of these gaps by examining the impact of WSM
practices on water availability in the Aba Gerima using limited data, field observations,
and previous study findings from the study area.

4.3. The Impact of Land Management on Soil Physical Properties

The impact of land management on soil water availability can be attributed to the
change in soil physical properties as a result of land management activities. According to
Teferi et al. [18], based on a study conducted in one of the Ethiopian highlands, revealed
that the impact of LULC and LM on soil quality affecting organic matter con-tent and bulk
density. Tesfahunegn [19] also investigated the sustainability of land use or management by
through assessing soil organic carbon, silt content, and bulk density. From field observations
in Aba Gerima, there is improvement in surface landscape after the implementation of WSM
practices. Consequently, these improvements manifest themselves in soil physical properties
such as Bulk density and organic matter content. WSM practices such as area closures with
soil and water conservation structures pre-vent erosion and transportation of soil while
improve soil profile thickness of the area. The conserved fertile soil has lower bulk density
which allows water to infiltrate through it than the eroded surface or the bed rock.

4.4. The Impact of Soil Physical Properties on Soil Hydrological Properties

In this study, soil physical parameters, such as textural composition (sand, silt, clay
percentage) and the bulk density of soil were used as inputs to predict soil hydraulic
parameters in Rossetta v.1.1 (June 2003). Soil hydraulic parameters, residual water content
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(cm3/cm3), saturated water content (cm3/cm3), Alpha coefficient (1/cm), n parameter (-),
and saturated hydraulic conductivity (cm/day) were predicted. In situ measured satu-
rated hydraulic conductivity, Ksat, was applied to compare the results with the simulated
result, and clearly demonstrated that soil bulk density (g/cm3) has an important role in
determining the Ksat of the soil layer. The residual and saturated moisture content of a soil
layer were also highly dependent upon the physical properties of soil layers, such as the
ratio of sand, silt, clay, and especially soil layer bulk density. Similarly, land management
profoundly affects land use and slope of the area; both LULC and altitude also have sig-
nificant implications for soil layer bulk density. According to Neill et al. [20], a significant
increase in bulk density was observed after the conversion of forest to grassland. The study
by Wang et al. [21], on the spatial variability of SWRC (VG model) on the Loess Plateau,
also evidenced a basic relationship between soil bulk density and VG parameters, and
showed that BD significantly influences the VG parameter variation (except for α). Biswas
and Si [22] revealed a great influence of bulk density on soil hydrologic properties, and
investigated the significant correlation of bulk density with the VG parameters (except
for α) and Ks. Table 4 illustrates the main soil physical properties applied in determining
VG parameters under treated versus control sites. In our study, the results of the Aba
Gerima watershed, as well as the average bulk density of those sites under WSM practices
decreased, more towards the bottom sampling layers than the surface layers. However, the
reverse was true in the layers of the control sites which are untreated in terms of WSM. The
reason could be attributed to length of time of implementation of WSM (i.e about five years)
is not sufficient to change these parameters. The impact of this relationship is clear in the
Hydrus 1D model simulation results of infiltration, soil water storage, actual surface and
bottom fluxes of those sites under WSM practices. Based on this, the graphs of bottom flux
and cumulative infiltration of sites under WSM practices increase, while soil bulk density
and respective hydraulic conductivity decrease towards the bottom layer.

Table 4. soil hydraulic parameters estimation from measured soil texture & bulk density [16].

Watershed
Management Type

Site Soil Layer
(mm)

Soil Texture BD
(g/mm3)% Clay % Silt % Sand

Controlled AC

0–100 10 32 58 0.00102
100–200 20 20 60 0.001032
200–300 30 40 30 0.000934
300–400 46 36 18 0.000888

Treated ACE 0–200 24 40 36 0.001262
200–400 32.7 40 27.3 0.001063

Controlled CLF1 0–400 52 20.5 27.5 0.001098

Treated CLF0 0–200 31 39 30 0.001206
200–400 53 26 21 0.001199

Controlled CLG1
0–200 47 26 27 0.001027

200–300 32 26 42 0.001117
300–400 28 26 46 0.001023

Treated CLG0
0–100 32 42 26 0.001223

100–300 48 32 20 0.000993
300–400 38 26 36 0.000994

Controlled CLS1
0–200 20 20 60 0.001064

200–300 18 38 44 0.001184
300–400 15 22 63 0.00116

Treated CLS0 0–100 26 38 36 0.001178
100–400 44.7 26 28.7 0.001227

4.5. The Impact of Land Management on Water Availability

Water availability of a watershed is manifested by increased soil water storage and
reduced evaporation. Studies indicate that WSM practices make a significant contribution
to soil hydraulic properties of the watershed [18,23]. The Hydrus 1D model simulation
results of water balance components revealed that sites under WSM practices provided
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better water availability than untreated control sites. Water availability was described in
terms of water balance components, such as infiltration, soil water storage, surface flux,
bottom flux, evaporation and transpiration. In other words, water balance components
that feed the system positively were higher in sites under WSM, and components such as
evaporation and surface runoff were lower. Site ACE has better soil water storage, with
106.039 mm annual cumulative soil water storage than the control with 100.37 mm. When we
compare AC and ACE in terms of evaporated water from the surface of the land, 46.967 mm
and 32.898 mm annual cumulative value, respectively, closed area with WSM is better in
preventing evaporation and contributes positively to the water availability of the watershed.

The results for the remaining sites are within the acceptable range of results from
different studies previously carried out on water balance components in the area [23–25].
Daily mean bottom flux of the remaining treated sites under WSM practices was estimated
to be 3.33 mm/day, 3.28 mm/day, 3.5 mm/day for CLF0, CLG0 and CLS0, respectively. The
comparison of results in the mean daily bottom flux of untreated sites, 3.2 mm/day for CLF
1, 3.2 mm/day, 3.33 mm/day for CLG1 and CLS1, respectively, with the respective sites
under WSM practices clearly indicating that WSM sites had a better recharge capacity than
the untreated control sites. There was also a significant difference between those groups of
sites in terms of soil water storage. The average SWS in those sites under WSM was better
than in the untreated control sites.

Annual soil water storage of sites under WSM practices was 100.37 mm, 106.04 mm,
153.76 mm, 120.58 mm, 113.5 mm for AC, ACE, CLF0, CLG0, CLS0, respectively, and
142.3 mm for CLF1, 132.4 mm for CLG1, 103.7 mm for CLS1, which are untreated control
sites (i.e., compare results of AC vs. ACE, CLF0 vs. CLF1, CLG0 vs. CLG1, CLS0 vs. CLS1).

In addition, sites under WSM, such as CLG0, have high soil water storage than the
respective control cultivated land on gentle slope, CLG1 (Figure 3). It is worth noting that
the increased soil water storage on cultivated land resulted from watershed management
activities can increase soil water availability to crops which in turn contributes to the food
security situation of farmers practicing WSM.
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5. Conclusions and Recommendations

The study results showed that the water availability of sites under WSM practices was
better than that in the control sites. The impact of WSM practices on changing soil physical
properties in the study sites was specifically addressed by examining the implication of
soil physical properties on soil hydrology. The study showed how land use and land
management practices modify soil physical properties, such as soil organic carbon content
and bulk density, and this in turn affects soil hydrology. Generally, WSM practices in Aba
Gerima were found to be successful in increasing the soil water availability of the water-
shed through maximizing recharge, surface flux and soil water storage, and minimizing
evaporation, transpiration and surface runoff in the study sites, especially during the dry
season of the study period. For this reason, it is strongly recommended that WSM practices
should be strengthened, since they have positive implications for increasing dry season soil
moisture availability. Thus, WSM interventions might have a positive effect on agricultural
production in the Aba Gerima watershed. However, it is not clear whether the incepted
surface runoff by WSM interventions can be transferred into baseflow and increase the
streamflow in the dry season. This is the direction of future research.
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