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Abstract

Land degradation is a series of problems in Ethiopia’s highlands, particularly in the Upper Blue Nile River Basin reflected in
the form of soil erosion and reduce soil fertility from time to time. The effect of watershed characteristics on the river flow of
those watersheds was evaluated by distributing a physically based hydrological model known as the soil and water assessment
tool model. The model was calibrated for the river flow from 1992 to 2006 and validated for the period from 2007 to 2014.
The performance of the model was evaluated based on performance rating criteria, coefficient of determination, and Nash and
Sutcliff efficiency on monthly based value, the coefficient of determination (R?) and Nash—Sutcliffe coefficient was greater
than 0.6 and 0.5 for all scenarios on both watersheds, respectively. The land-use land-cover change scenario, the climate
characteristics, and the slope change scenario was developed, from those analyses, it was found that has been a substantial
decrease or increase in forest land, shrubland, grassland, and expansion of agricultural land. The mean annual streamflow of
2010 LULC decreased by 1.44% for 2010 from 2003 LULC and 5.23% for 2018 from 2010. Because of reduced cultivated
land from 2010 up to 2018 and increased grassland and plantation in the Megech watershed and 2010 LULC decreased by
0.9% for 2010 from 2003 LULC and 2.04% in 2018 from 2010. This distributed physically based hydrological model has
been applied for the evaluation of physical catchment characteristics with significant differences which was Cropland for
Megech and Gumaro watersheds which were 67.28% and 61.5%, respectively, for the 2003 LULC, 64.94% Megech, and
58.89% for Gumaro watershed for 2010LULC and 51.95% for Megech and 42.12% for Gumaro watershed, similarly, Eutric
Cambisols were covering large areas for both watersheds.

Keywords Physical catchment characteristics - SWAT model - SWAT-CUP - Physically based hydrological model - Megech
and Gumaro watershed

Introduction

Ethiopia has twelve major river basins. Most of them are
untapped for modern irrigation and energy development.
According to MoWR’s (2006) water sector strategy report,
only 1972.250 km? of potential irrigable lands are devel-
oped, so the existing irrigation development in Ethiopia, as
compared to the resources the country has, is negligible.
This might be besides financial constraints; the uncertainties
of data on the rivers discharge are a problem for the develop-
ment of the sector. Currently, there are great efforts toward
developments in some river basins for energy generation and
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large-scale irrigation projects to sell power to neighboring
countries and attain food self-sufficiency, respectively.

The flow and water quality of a river are based on land-
use activities within the watershed and other specific char-
acteristics of the watershed, such as physical catchment
properties (PCC) and management of watercourse features
is an integral part of preserving safe productive rivers for
agricultural and drinking purposes (Furlan et al. 2012).
Land destruction, migration of people, and loss of water
quality are major problems in Ethiopia’s highlands due to
inadequate land-use practices and unsuitable management
structures that play a major role in causing land degradation,
sediment transport, depletion of agricultural inputs, and,
most significantly, loss of water supplies in both quantity
and quality (Setegn et al. 2010). Land degradation is a major
cause of the deposition of sediment in major reservoirs in
Ethiopia, particularly in Blue Nile River Basin reflected in
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the form of soil erosion and soil fertility decline from time
to time (Abtew and Melesse 2008).

Megech and Gumaro Watersheds are one of the water-
sheds draining into the sub-basin of Lake Tana, and this
watershed is under a pressure because of the growing popu-
lation and increasing demand for water mainly for irriga-
tion, which is not practiced well nowadays in the catchment,
and also a great demand of water for domestic and livestock
consumption purposes. Therefore, the improvement of tech-
niques to assist in the sustainable management of the water
resource system of the catchment is a crucial issue as water
is a limited resource. Megech and Gumaro watersheds from
the outlet have an area of 425.5800 km? and 353.9460 km?,
respectively, which have an impact on the Blue Nile River
Basin. This shows that the problem of both watersheds is
significant in Blue Nile River Basin development.

This problem occurred due to the unregulated drainage
available in this field of research and yet there is no detail
studied in the watershed of Megech and Gumaro related
to the effects of watershed characteristics on river flow.
Therefore, the main objective of this study is to evaluate the
effect of watershed characteristics on river flow for the two
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Fig. 1 Location map of the study area
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watersheds Megech and Gumaro watersheds in the upper
Blue Nile basin.

Materials and methods
Description of the study area

Megech and Gumaro watersheds are located at the source
of the Blue Nile River in the Amhara Regional State's
North Gondar District, near Lake Tana. Megech watershed
is located on the right side of the Gondar-Bahir Dar main
road, about 3 km southeast of Azezo, and Tewodros Airport
(Fig. 1). Megech watershed is located upstream of the dam
with a steep mountainous area Within the watershed, the
limits of which were marked at 1:50,000 (Fig. 1), Gondar
town and Angereb reservoir are located.

The flow of the Megech river during the rainy months
has a high velocity, and the sediments borne by the floods
are mainly boulders, gravel, sand, and silt. That’s the nor-
mal behavior of a mountainous river, the Megech river. The
total upstream watershed area is 425.57 km?, completely
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calculated. Watershed runoff, running to the reservoir from
12° 29" 1atitude to 37° 27" E longitude.

The Gumaro watershed, located in Ethiopia's northwest-
ern Amhara region at the border of the Megech watershed
between 12° 25’ 35.052' N and 37° 33" 13.981' E longi-
tude (Fig. 1), has an area of 353.94 km?. The mainstream
(Gumaro river) drains into Lake Tana and originates from
the watershed's northern mountainous portions. Megech and
Gumaro watersheds have rugged topography with an eleva-
tion range of over 3000 m asl in the upper part and about
1850 m asl in downstream parts and 2880 m asl in the upper
part and 1750 m asl in the lower part, respectively.

The climate of the Megech watersheds is characterized
by a rainy season from May to October, with rainfall rang-
ing from 67 to 306 mm/year and the annual maximum tem-
perature ranges from 23oc in July to 30oc in March, while
the minimum temperature ranges from 11oc in January to
13.60c in April and May for Megech watershed. Gumaro
rainfall ranges from 769 to 1204 mm/year, and the mean
minimum and maximum monthly temperatures are 13.59 °C
and 26.9 °C in April and May.

Data collection and analysis

For this study, daily river discharge data, metrological data,
land use, and soil data were collected. The daily river dis-
charge data from the two rivers (Megech and Gumaro) and
soil map collected from the Ministry of Water, Irrigation and
Electricity (MoWIE), daily metrological data such as rain-
fall, minimum, and maximum temperature, relative humid-
ity, wind speed, and daily sunshine hours collected from
Metrological Agency of Ethiopia (EMA).

Hydrological data

For both Megech and Gumaro watersheds, the streamflow
data obtained from MoWIE have longer time series data.
Regular time-series data from 1992 to 2014 GC were used
for this analysis. These data were used for a SWAT hydro-
logical modeling parameter and to see their relation to the
characteristics of the watershed.

Meteorological data

Ethiopian meteorological agency classified meteorological
stations into four, each identified by a code. Code one sta-
tions (primary stations) are stationed at which observations
such as rainfall, relative humidity, maximum and minimum
temperature, wind speed, and sunshine duration were taken
every three hours.

Digital elevation model (DEM) hydro-processing

DEM is required to extract the watershed and prepare a
dataset for further processing as input for hydro-processing
purposes. A 12.5 m resolution DEM is used in this analysis
by downloading from USGRS earth explorer.

Evaluation of physical catchment characteristics
(PCC)

All points enclosed within an area from which rain falling at
these points would contribute water to the outlet are known
as a watershed. The physical catchment characteristics
(PCC) including geography, physiography, geology, land
use, and cover condition are typically influencing runoff in
the watershed.

Land use-land cover

Changing the magnitude and pattern of the precipitation,
peak flow, groundwater levels, land use, and cover condition
would influence the hydrological balance of the watershed.
A land cover map was obtained from USGRS in this analysis
by downloading a Landsat image and classifying the image
using ERDAS imagine 2012 after classification accuracy
assessment was done between the classified image and the
ground truth point by a matrix error method.

Climate characteristics

For a given area, the climatic characteristics include pre-
cipitation, temperature, wind, relative humidity, and other
metrological elements over a long period. For this analysis,
climate index, also referred to as the index of humidity/arid-
ity, is the ratio of mean annual long-term precipitation to
mean annual long-term possible evapotranspiration (Atanaw
et al. 2015).

Model setup

Watershed delineation

The first step in providing feedback to the SWAT model is to
delineate the watershed from a DEM. To have spatial char-
acteristics, inputs entered in the SWAT model are ordered.
Until continuing with spatial input data, i.e., the soil map,
LULC map, and DEM would be projected into the same
parameters.

Hydrological response units (HRU)

Arc-SWAT's HRU analytics tool helped load land use, soil
type, and slope chart into the project. This would overlap the
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delineated watershed by Arc SWAT, and the planned land
use and type of soil. In addition to land use and soils, HRU
analyses in SWAT include divisions of HRUs by slope level.

Weather generation

The SWAT model comes with an automated generator of
weather data. However, running the model requires some
input data. The appropriate input data are the daily precipi-
tation levels, maximum and minimum temperature, solar
radiation, wind speed, and relative humidity.

Model calibration and validation

Calibration

Calibration is the process by which parameters for the model
are modified to fit the model performance with the observed
data. The simulated discharge along with the observed data
at the outlet of the watershed would be used for model cali-
bration and validation.

Validation

The model was tested against an independent collection of
calculated results, to use the validated model to predict the

Results and discussion
Slope classification

The slope is one of the factors which affects river velocity
coming from the watershed. Where higher slope results in
a higher velocity of flow, therefore the water would travel
quickly to reach the river outlet (Zhang et al. 2015). For
these studies, a higher slope which is greater than 20 has
a higher velocity and shows that the area is steeper which
might lead to the erosive action of water erosion since infil-
tration was less in the area (Table 1) and (Fig. 2).

Land use and the land cover map

The model was performed based on the climate data from
1992 to 2014, the three land use—land cover maps developed
three models run by using land use—land cover, slope change
analysis, and climate data change were used to assess the
impact of watershed characteristics streamflow.

To evaluate the variability stream flow by land use—land
cover change, three independent SWAT Runs were carried
out on monthly time steps using 2003, 2010, and 2018

efficacy of future potential. This testing of a model is gener- 37°200"E 37°30'0"E 37°40'0"E 37°50'0"E
ally referred to as model validation on an independent col- :
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Fig.2 Slope classification for the two watersheds
Table 1 Slope classification Class Slope rang Gumaro_area (ha) Gumaro Megech area (ha) Megech area (%)
_area (%)
Class 1 0-5 8148.5 23.04 489.2 0.96
Class 2 5-10 8194.6 23.17 1411.3 2.77
Class 3 10-15 41334 11.69 4948.7 9.72
Class 4 15-20 3013.05 8.52 2957.1 5.81
Class 5 >20 11880.2 33.59 41089.9 80.73
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land use-land cover maps. The SWAT model parameter
was observed from each run, based on the simulation out-
put the streamflow variability caused by land use—land
cover change was assessed, and a comparison was made

on streamflow change from the model output. In the 2003

Table 2 Land use-land cover

land use—land cover map, cultivated land was the cov-
ered largest area which was 67.28% of the total watershed
area for the megech watershed and 61.5% for the Gumaro
watershed (Table 2, Fig. 3A).

Megech LULC (2003) Gumaro LULC (2003)
map of 2003
Major LC SWAT Code Area (Km?) Area (%) Area (Km2) Area (%)
Built up area URB 8.68 1.96 - -
Cultivated land CRL 302.64 67.28 217.39 61.5
Forest land FRST 8.85 2.002 0.83 0.23
Grass land GRSL 77.22 17.46 11.91 3.37
Shrubland SBL 50.58 11.298 122.52 34.66
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Fig.3 LULC classification for both watershed at 2003 (A), 2010 (B), and 2018 (C)
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Land use—land cover in 2010, cultivated land was the cov-
ered largest area which was 64.94% of the total watershed
area for the Megech watershed and 58.89% for the Gumaro
watershed (Table 3) and (Fig. 3B). And also, In the LULC in
2018, cultivated land was the covered largest area which was
51.95% of the total watershed area for the Megech water-
shed and 42.12% for the Gumaro watershed (Table 4) and
(Fig. 3C).

Accuracy assessment of classified image

Accuracy evaluation is an important component of any pro-
ject. Its classification contrasts the classified image with
another source of data that is considered reliable ground
truth data. Ground truth data could be guided by the analy-
sis of invisible, current classified hypothetical, or GIS data

layers with high resolution. The most common method of
determining the accuracy of the classified map is to con-
struct a random point from the ground truth data and com-
pare it in an uncertainty matrix with the classified data.
From these assessments, the overall accuracy for the clas-
sified image was 94% for Megech (Table 5) and 95% for
Gumaro (Table 6) watershed, respectively, which indicates
that the image obtained from classification and the ground
truth were and the analysis was good. The error commis-
sion for each classification was analyzed by reducing user
accuracy from the full percentage of analysis (Tables 3, 6).

Soil classification

Soil data are another spatial input required by the Arc SWAT
model for the major soil classification using soil map data.

Table 3 Land use-land cover

Major LC SWAT code Megech LULC (2010) Gumaro LULC (2010)

map of 2010

Area (Km?) Area (%) Area (Km?) Area (%)

Built Up area URB 10.47 2.37 5.01 1.4173
Cultivated land CRL 287.21 64.94 208.19 58.89
Forest land FRST 40.24 9.1 28.73 8.13
Grass land GRSL 57.19 12.93 30.91 8.74
Shrubland SBL 40.28 9.11 72.62 20.54
Water body WATR 0.0053 0.0012 - -

Table 4 Land ,use_!and cover Major LC SWAT code Megech Gumaro

map and classification at 2018

Area (Km?) Area (%) Area (Km?) Area (%)

Built-up area URB 18.16 3.68 10.07 2.8
Cultivated land CRL 256.03 51.95 149.02 42.12
Forest land FRST 0.02 0.004 1.2 0.33
Grass land GRSL 160.28 32.52 121.9 34.43
Bar land BARR 57.85 11.74 71.845 20.3
Water body WATR 0.53 0.11 - -

Table 5 Result of accuracy assessment for Megech

Automated classification result Built-up Cultivated Forest Grass land Shrub and Water Row total User’s accuracy

bush land

Built-up 24 0 0 1 0 0 25 96.0

Cultivated 0 54 0 1 1 0 56 96.4

Forest 1 13 1 0 0 15 86.7

Grass land 1 2 1 45 0 0 49 91.8

Shrub and bush land 1 1 0 32 1 35 91.4

Water 0 0 0 0 0 20 20 100.0

Column total 27 56 15 48 33 21 200

Producers accuracy 88.9 96.4 86.7 93.8 97.0 95.2

The bold shows the same relationship between the classification from the vertical and horizontal for the accuracy assessment
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Table 6 Result of accuracy assessment for Gumaro

Automated classifica- Cultivated Forest Built-up Grassland Shrub bush Row total Error com-  User_accurecy
tion result mission

Cultivated 48 0 0 0 1 49 0.020 98.0

Forest 0 11 0 0 1 12 0.083 91.7
Built-up 0 0 24 0 0 24 0.000 100.0
Grassland 1 1 0 41 0 43 0.047 95.3
Shrub_bush 2 0 1 1 37 41 0.098 90.2

Column total 51 12 25 42 39 169

Error commission 0.1 0.1 0.04 0.02 0.05

The bold shows the same relationship between the classification from the vertical and horizontal for the accuracy assessment

Table 7 Megech watershed soil classification

Soil type Area (Km?) Area (%)
Leptosols 9.23 1.9
Eutric cambisols 312.63 63.4
Eutric fluvisols 3.69 0.8
Eutric regosols 68.75 13.9
Calcic xerosols 18.78 3.81
Orthic luvisols 0.17 0.035
Calcic cambisols 11.52 24

No data 2.48 0.503
Table 8 Gumaro watershed soil classification

Soil type Area (Km?) Area (%)
Eutric cambisols 177.8 51.5
Dystric nitisols 11.2 33
Eutric regosols 63.4 18.4
Chromic vertisols 65.5 18.9
Calcic xerosols 25.6 7.4
Leptosols 1.90 0.6

Major soil type classifications of the Megech and Gumaro
watersheds have been tabulated in (Tables 7, 8, and Fig. 4).
Eutric cambisols covered the largest area for both watersheds
and Chromic vertisols for Gumaro and Eutric regosols for
Megech watersheds were the second covers largest area.

Sensitivity analysis

In rainfall-runoff modeling, it is often not possible to find
the unique best parameter set, different parameter sets may
be given similar good results during calibration. To reduce
uncertainty and to define the optimum parameter set, it is
essential analysis on model parameters. Sensitivity analysis
has been carried out for 27 parameters. But only a few sen-
sitive parameters were considered and the parameters with

their mean relative sensitivity value at the outlet after cali-
bration for the study area watersheds were selected.

Tables 9 and 10 used to show the best parameter used
to give the best fit parameter for calibration and validation
analysis and the base flow alpha factor, curve number, depth
in the shallow aquifer, and initial depth of water in the shal-
low aquifer was found to be the top sensitive parameters.

Model calibration and validation

The SWAT model has a large number of parameters and
many outputs; thus, an initial collection of parameters
improves the calibration and validation process and elimi-
nates the uncertainties associated with different parameters.
Manual and automated methods of calibration were applied.
Initially, the parameters were manually calibrated until the
model simulation results for the period 1992 to 2006 as per
the model output indicates, appropriate result. Next, the
ultimate parameter as initial values for the autocalibration
process, 16 values that were manually calibrated were used.
For validation, streamflow data for eight years from 2007
to 2014 were used. The performance measurements of the
statistical model used in the calibration process were also
used in streamflow validation.

Scenario I: calibration and validation using land use-land
cover (LULC) 2003

The land cover map for the Gumaro watershed in 2003 cov-
ered about 61.5% cultivated land, 3.37% grassland, 0.23% by
forest land, and 34.66% of shrubland (Table 2 and Fig. 3A).
The land cover map for the Megech watershed in 2003 cov-
ered about 67.28% of cultivated land, 17.46% of grassland,
2.002% of forest land, 11.298% of shrubland, and 1.96%
by built-up area (Table 2 and Fig. 3A). Then, by using this
land use classification calibration and validation for both
watersheds have been done (Figs. 5, 6).
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Fig.4 Soil classification

37°30'0"E

37°40'0"E 37°50'0"E

V4 Soil_type (Megech) z
e ] B calcaric flubisols M eutric cambisold &
g I calcic cambisols M eutric fluvisols | 03
- B calcic fluvisols [ eutric regosols a
[ calcic xerosols [ leptosols
[ chromic vertisols Il no data
[ dystric nitisols  [_] orthic luvisols
:Z Soil_type (Gumaro) V4
;. I calcic xerosols MM eutric regosols | s
N [T chromic vertisols Il leptosols g
\n I dystric nitisols [ no data i
Il cutric cambisols
Z| o z
g ] [ I :c
& Km i . 'S
a 37°30'0"E 37°40'0"E 37°50'0"E &

Table 9 Results of sensitivity analysis for Gumaro watershed

Flow param- Lower Upper Fitted value Sensitivity
eter (SWAT) bound bound rank
cod
CN2 -0.25 0.25 0.185 1
ALPHA _BF 0 1 0.0179 2
GWQMN 0 5000 512.603 5
REVAPMN 0 500 332.1 6
SOL_AWC -0.25 0.25 0.102 3
CANMX 0 10 1.369 4
ESCO 0 1 0.0908 11
SOL_K -0.25 0.25 0.167 10
GW_ 0.02 0.2 0.1529 7
REVAP 0 150 92.109 9
CH_K2 0 1 0.98 8
RCHRG_DP

Table 10 Results of sensitivity analysis for Megech watershed

Flow param- Lower Upper Fitted value  Sensitivity
eter (SWAT) bound bound (Megech) rank
cod
CN2 -0.25 0.25 0.17167 2
ALPHA_BF 0 1 0.07927 1
GWQMN 0 5000 312.457 5
REVAPMN 0 500 298.6 6
SOL_AWC -0.25 0.25 0.1932 9
CANMX 0 10 3.976 4
ESCO 0 1 0.4918 11
SOL_K —-0.25 0.25 0.2107 10
GW_ 0.02 0.2 0.10209 7
REVAP 0 150 131.9 3
CH_K2 0 1 0.708 8
RCHRG_DP
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Scenario lI: calibration and validation using land use-land
cover (LULC) 2010

The land cover map for the Gumaro watershed in 2010 cov-
ered about 58.89% of cultivated land, 8.74% of grassland,
8.13% by forest land, 20.54% by shrubland, and 1.4173% by
built-up area. The land cover map for the Megech watershed
in 2010 covered about 64.94% of cultivated land, 12.93% by
grassland, 9.1% of forest land, 9.11% by shrubland, 2.37%
by built-up area, and 0.0012% water body. At that point,
by utilizing this land use characterization calibration and
validation for the two watersheds have been done (Figs. 5,
6,7, 8).

Scenario lll: calibration and validation using LULC 2018

The land cover map for the Gumaro watershed in 2018 cov-
ered about 42.12% of cultivated land, 34.43% of grassland,
8.13% of forest land, 20.3% by shrubland, 0.33% by forest
land, and 2.8% by built-up area. The land cover map for the
Megech watershed in 2018 covered about 51.95% cultivated
land, 32.52% grassland, 0.004% by forest land, 11.74% by
shrubland, 3.68% by built-up area, and 0.11% by waterbody.
At that point, by utilizing this land use characterization cali-
bration and validation for the two watersheds have been done
(Figs. 9, 10).

The SWAT model was simulated for the three-time peri-
ods corresponding to the land use map of 2003, 2010,
and 2018. Simulation runs were conducted on monthly
basis to compare the modeling outputs using 2003, 2010,
and 2018 land maps for both watersheds. A comparison
of streamflow from the model output using a land use map
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Fig.5 Megech observed and simulated streamflow for the calibration and validation

and average annual streamflow from the watershed were
presented, showing the significant change, and the result
would be described in (Tables 9, 10).

The result indicated that the mean annual streamflow
of 2010 land use-land cover (LULC) decreased by 1.44%
for 2010 from 2003 LULC and 5.23% for 2018 from 2010.
Because of reduced cultivated land from 2010 up to 2018
and increased grassland and plantation in the Megech
watershed and 2010 land use—land cover (LULC) was
decreased by 0.9% for 2010 from 2003 land use-land cover
(LULC) and 2.04% for 2018 from 2010. In the hydrologi-
cal balance of Lake Tana upper Blue Nile, Ethiopia, he
concludes that expansion and reduction of agricultural
land were strong relations for increasing and decreasing of
streamflow from the watershed and decreased streamflow
when increased afforestation (Alemu 2011).

Model evaluation

After calibrating for flow, it was executed and the hydro-
graphs are well captured. The agreement between the
measurement and simulation is generally good, which
is verified by NSE and R, and an acceptable result was
obtained according to the model evaluation guideline
(Tables 11, 12). The results of these tests illustrated
that the monthly coefficient of determination (R2) and
Nash-Sutcliffe coefficient were 0.67 and 0.75 for the cali-
bration period, 0.71 and 0.79 for the validation period.
The calibration and validation period of the model was 23
years from 1992 to 2014 G.C. The SWAT model was run
after sensitivity analysis based on the fitting value from
SWAT Cup output. The percent bias of the model for this
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Fig. 6 Gumaro observed and simulated streamflow for the calibration and validation

study is 12.4% for calibration and 9.63% for validation
for the Megech watershed. The performance of the model
was evaluated based on performance rating criteria, coef-
ficient of determination, and Nash and Sutcliff efficiency.
The overall performance of the two watersheds gives a
satisfactory result. The physical catchment characteristics
have high differences in R?>>0.6 and NSE > 0.5. So, the
model performance of this study was given good results
for all land use—land cover (Tables 11, 12).

@ Springer

Rain falls effects on streamflow

Rainfall influences the streamflow in multiple ways for the
watershed, the rate of rainfall, the period of rainfall, and the
amount of annual rainfall that affect the streamflow. An aver-
age annual rainfall sum of 23 years from 1992 to 2014 GC
for this analysis and run on SWAT model using all the 2003,
2010 and 2018 LULC climate data were used for this study.
The change of streamflow by changing rainfall is shown in
Table (13). The model output result showed that run from
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Fig.7 Megech observed and simulated streamflow for the calibration and validation

(1992-2014), the annual average rainfall was 1167.9 mm/
year for the Megech watershed and 998.5 mm/year for
Gumaro. In the first SWAT model run, the annual stream-
flow from the watershed obtained 4.45 mm/year and from
the next model run the annual streamflow was 13.92 mm/
year for the Megech watershed and 3.44 mm/year from the
first run and 2.82 from the next run for Gumaro watershed
(Table 13). This result shows that the average annual rainfall
was increased compared to the first average annual rainfall
for the Megech watershed and the annual streamflow from
the watershed was decreased as compared to the first run for

the Gumaro watershed. Rainfall amount was a significant
effect on streamflow that generate from the watershed, so
the conclusion that from this study is rainfall amount is an
effect on the streamflow in both watersheds.

Slope effect on streamflow
The average slope of the tributary channel in each sub-basin
is used to evaluate the change of slope to change stream-

flow. The scenario of the study was developed based on
the increased and decreased slope by 5% above the average
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Fig.8 Gumaro observed and simulated streamflow for the calibration and validation

tributary channel slope. Each sub-basin tributary channel ~ Scenario I: slope increased above the average tributary
slope increases by 5%, 10%, 15% from the average slope  slope

and using the SWAT executive run. The text out from SWAT
mode and the SWAT executive was run by increasing the
slope. The result of the model is presented in Tables (14, 15,

16, 17) by different scenarios. Scenario lI: Slope decreased above the average tributary

slope

The model result (Tables 15, 16) showed that slope was a
significant effect on streamflow change, the slope increased
by 5%, 10%, and 15% the streamflow was increasing, and
the slope decreased by the same slope change the stream-
flow was reduced to a small extent (Tables 18, 19, 20).
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Fig.9 Megech observed and simulated streamflow for the calibration and validation

Effects of climate data on streamflow using climate
index

The climate index was an important parameter to evaluate
the impact of the climate index on streamflow by comparing
the value of the climate index since the larger climate index
shows that more streamflow discharge is produced by the
watershed and the smallest climate index shows that small
discharge was produced by the watershed (Alemu 2011).
Generally, the watershed characteristics that are con-
sidered in a single watershed; climate characteristics, land

use—land cover, and slope were observed as the effects
on streamflow change. From this analysis climate indexes
for the Megech watershed were less than the Gumaro
watershed, which shows that the Megech watershed pro-
duces more discharge than the Gumaro watershed. From
this study, land use-land cover change, the slope change
of the tributary channel, and the rainfall magnitude have
analyzed the effects on streamflow, so this implies that,
conclude that, land use—land cover change was the domi-
nant factor to affect the streamflow in both watersheds that
highly reduced streamflow.

@ Springer



45 Page140f17 Applied Water Science (2024) 14:45

Calibration for Gumaro LULC in 2018

100 0
00 ||| |||' I||| I|-- ||| 1 I|“ ||-|I|“ i~ I||‘ |||' -|| I-| ||| " Il “ & ||. ...I ||" = """'I" |II .I,I‘ I I“ ‘l' “
» 150
. 250
60

350

50

450

40
30 550
20 650
10 750

° 850

Jan-92
Jul-92
Jan-93
Jul-93
Jan-94
Jul-94
Jan-95
Jul-95
Jan-96
Jul-96
Jan-97
Jul-97
Jan-98
Jul-98
Jan-99
Jul-99
Jan-00
Jul-00
Jan-01
Jul-01
Jan-02
Jul-02
Jan-03
Jul-03
Jan-04
Jul-04
Jan-05
Jul-05
Jan-06
Jul-06

C—JRainfall «=@==QObserved «==®==Simulated «=®==Rainfall

Validation for Gumaro LULC in 2018

50 II‘ II """ II I" """ || |I"""|I| II"‘"IIII‘III """ 0 III"'"'I”'I""I"II |I" 0
45 5
S .
35 15
30 20
25 25
20 30
15 35
10 40
5 45
50

£E585868888g8323222Ss e dodgdeo oo XIT

EEE55528552555235525853858582558533

[ Rainfall ==@==Qbserved ==®==Simulated

Fig. 10 Gumaro observed and simulated streamflow for the calibration and validation

Table 11 Mean annually simulated and observed streamflow for the Table 12 Mean annual simulated and observed streamflow for

Megech watershed Gumaro watershed
Runoff (mm) LULC-2003 LULC-2010 LULC-2018 Runoff (mm) LULC-2003 LULC-2010 LULC-2018
Observed annual stream- 18.37 18.37 18.37 Observed annual stream- 6.25 6.25 6.25
flow flow
Simulated streamflow 13.82 12.38 7.15 Simulated stream flow 5.92 5.02 2.98
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Table 13 Model evaluation

Performance criteria 2003 LULC 2010 LULC 2018 LULC
result of Megech watershed
Calibration  Validation = Calibration Validation  Calibration Validation
R2 0.67 0.71 0.72 0.77 0.72 0.83
NSE 0.75 0.79 0.68 0.72 0.67 0.78
PBIAS 12.44 9.63 9.8 10.25 18.4 7.3
Evaluation period 1992-2006 2007-2014  1992-2006 2007-2014  1992-2006 2007-2014
Table 14 Model evaluation Performance criteria 2003 LULC 2010 LULC 2018 LULC
result of Gumaro watershed
Calibration  Validation = Calibration Validation  Calibration Validation
R2 0.65 0.61 0.69 0.71 0.78 0.80
NSE 0.57 0.69 0.73 0.75 0.60 0.71
PBIAS 22.27 11.69 18.9 9.75 21.42 19.23
Evaluation period 1992-2006 2007-2014  1992-2006 2007-2014  1992-2006 2007-2014
Table 15 rainfall amount effects on streamflow Summary and conclusion
Megech watershed Gumaro watershed
Rainfall o Bl Rangall Rainfall The research aims to analyze the effects of watershed char-
ainfta. ain 1a ainia: ainiajl . . . . . ..
1992 2007-2014 1990 2007-2014 actensﬂcs on streamflow by identifying sensitive watershed
2006 G.C) G.C) mm 2006 G.C) G.C) mm characteristics for the two watersheds and the effects were
mm mm observed through hydrological modeling that was SWAT
T 162 5 55 031 0.65 model to great certainty by using the SWAT CUP mgdel.
Feb 148 203 0.30 0.59 The result of the model was analyzed after model calibra-
Mar 157 242 0.20 0.67 tion and model validation, from land use-land cover change
Apr 153 2.69 0.20 0.57 analysis, climate characteristics analysis, and a slope change
JMuiy ggg ggg ;32 ;?g analysis was concluded that land use and land cover change
Jul 946 3250 0.83 6.77 were significant effects on streamflow.
Aug  17.50 65.47 13.11 12.98 The performance of the model was evaluated based on
Sep  7.36 27.71 8.04 5.08 performance rating criteria, coefficient of determination,
1(\)131 ;Zg zgg ?(5)3 (l)gz and Nash and Sutcliff efficiency on monthly based value,
Dec 207 397 0.53 054 the coefficients of determination (R?) and Nash-Sutcliffe
coefficient was greater than 0.6 and 0.5 for all scenarios
on both watersheds, respectively. The land use—land cover
Table 16 Monthl.y stream flow Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov Dec
change for slope increased by
5%, 101(1%11and 15% (Megech Av.flow 183 162 174 188 252 603 2006 4001 1689 606 3.55 232
watetshed) 5% 192 170 183 197 265 633 2107 4201 1774 637 373 244
10% 201 178 191 207 277 6.63 2207 4401 1858 6.67 390 2.55
15% 2.10 186 2.00 216 290 694 2307 46.01 1942 697 4.08 2.67
Table 17 M°“‘h1¥ stream flow Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
change for slope increased by
5%,10%, and 15% (Gumaro Av.flow 035 033 030 027 122 263 740 11.01 577 172 082 044
watershed) 5% 037 034 031 028 128 276 777 1156 606 181 086 046
10% 038 036 033 029 134 290 814 1211 635 1.89 090 048
15% 040 038 034 031 140 3.03 851 1266 6.64 198 094 0.50
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Table 18 Monthly stream flow

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
change for slope decreased by
5%,10%, and 15% (Megech Av.Flow 1.83 1.62 174 188 252 603 2006 4001 1689 6.06 3.55 232
watershed) 0.05 174 154 165 178 240 573 1906 3801 1605 576 337 221
0.1 1.64 146 157 1.69 227 543 1806 3601 1520 546 3.19 2.09
0.15 155 137 148 160 214 513 17.05 3401 1436 515 3.02 1.97
Table 19 Monthly stream flow Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
change for slope decreased by
5%, 10%, and 15% (Gumaro Av.Flow 035 033 030 027 122 263 740 1101 577 172 082 044
watershed) 5% 033 031 028 025 1.16 250 7.03 1046 548 163 077 042
10% 031 030 027 024 110 237 666 991 519 155 073 039
15% 030 028 025 023 103 224 629 936 491 146 069 037

Table 20 Climate index analysis

Annual precipitation (mm/year) Annual evapotran-

spiration (mm/

year)
Gumaro Watershed
998.5 105.6
climate index =998.5/105.6=11.05
Megech Watershed
1167.9 252.2

Climate index=1167.9/252.2=3.959

change scenario, the climate characteristics, and the slope
change scenario was developed, from those analyses, it
was found that has been a substantial decrease or increase
of forest land, shrubland, grassland, and expansion of agri-
cultural land. After model calibration and model valida-
tion, from land use—land cover change analysis, climate
characteristics analysis, and a slope change analysis was
concluded that land use and land cover change were sig-
nificant effects on streamflow in the watershed compared
to climate and slope effects.

The mean annual streamflow of 2010 LULC decreased
by 1.44% for 2010 from 2003 LULC and 5.23% for 2018
from 2010, because of reduced cultivated land from 2010
up to 2018 and increased grassland and plantation in the
Megech watershed and 2010 LULC decreased by 0.9%
for 2010 from 2003 LULC and 2.04% in 2018 from 2010.
The result showed that the land use—land cover change
has a great effect on annual streamflow in the watersheds,
especially the expansion of agricultural land and deforesta-
tion significantly affecting the streamflow more than other
watershed characteristic.
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