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Abstract

Land use change has a vital role in disturbing the hydrological response and assessing the LULC change and its impacts on
the hydrological response is required for efficient water resource planning. The extent of LULC changes at the local level was
uncertain and how the hydrological conditions were affected by LULC changes locally was a challenge. This study focused to
assess the LULC change and its impacts on the hydrological components in the upper Erer sub basin using SWAT model from
2001 to 2020. The LULC change indicated that agricultural lands (3.97%) forest lands (3.99 %), and water bodies (0.60 %)
were decreased and settlements (2.30%), shrub land (3.07%) and bare land (3.19) were increased. The model was calibrated
and validated using monthly flow data indicates the performance was within satisfactory range of PBIAS < (#25%), R2
> 0.8 and NSE > 0.5. The surface runoff, ground water flow, and water yields were increased by 6.03, 8.22, and 10.39 %,
respectively. While, evapotranspiration was decreased by 3.34%. In this study, the change in LULC has significantly affected
the hydrological component of the sub basin. This implies the implementation of adaptation strategies for sustainable water
resource management in the region.
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Highlights

. Using the Landsat image the image classification is performed.

. The study employed SWAT model for water balance component assessment.

. The land use land cover change was used to detect the surface runoff, potential and actual evapotranspiration, water

yields, groundwater and lateral flow effects were evaluated in this study.
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1. Introduction

Land use change is largely affected by the population growth
[1,2]. The driving forces that affect hydrological conditions
are land use land cover (LULC) changes and climate change
[3]. Land use change has a vital role in disturbing the surface
runoff and groundwater flow [4,5]. The Erer subbasin has
a significant land use land cover change [6]. The study
conducted in Upper Nile Basin indicated LULC change
affected the surface runoff and evapotranspiration [7].
Similar studies indicated that the development of agricultural
land, intensification of bare land, and urbanization resulted
in stream flow increase [8,9]. In addition, the intensification
of cropland and urbanization alters the soil moisture
conditions and groundwater storage [10]. The LULC changes
due to the loss of forest affects the infiltration rate season
[9]. Settlement lands were the largest contributor to water
yield [11].

The surface runoff and water yield were positively linked
to variation in cropland and settlements. However, ground
water flow and evapotranspiration were negatively linked
to changes in cropland and settlement lands [12-15].
The increase in rainfall resulted in an increase in annual
runoff [16]. Other study in Wabishebele Basin indicated

portion of forest coverage and population concentration
was found negatively correlated with surface runoff [17].
The output from similar study indicated that additional
natural vegetation land changes to cropland or grazing
lands, probably tends to decrease dry-season streams and
exaggerate peak runoff [18]. The surface runoff extent has
high positive correlation with cropland and population
density and a strong negative correlation with natural
vegetation [19,20]. Natural vegetation cover, expansion of
agriculture and settlements were the main land use driver
affecting the variation in hydrological components [21-25].

The LULC changes will have an impact on water resources
[26]. Assessment of the hydrological impacts under LULC
changes produced by different hydrological components
[27]. Related studies will be used to understand the
hydrological processes of water resource administration
and development [28]. The continuous watershed situation
assessment was vital for improved watershed management
[8]. The LULC change effects analysis is the essential concern
in watershed management at sub basin level [25]. This LULC
change affects the hydrological cycle in complex ways with
scale differences and different spatial-temporal scales under
regional conditions [28]. To mitigate this problem now adays
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there is high interest of using hydrological models in order to
appropriately compute the diversified effects of a changing
land use land cover [2].

The hydrologic models are likely to quantity and evaluate
the quality of hydrological component. This hydrological
component includes the amount of precipitation, actual
evapotranspiration and water yield [27,29]. The interaction
ofland and water conservation practices were needed for the
implementation of sustainable water resource management
and planning under local and regional scale [9]. Sustainable
water resource development was implemented by examining
the land use land cover change effects on long-term changes
in hydrological conditions and understanding the impacts of
LULC change on hydrological components [3,10,18,30-32].
The soil and water assessment tool (SWAT] hydrological
model was successfully simulated for water balance
component analysis under the LULC change [3,33-35].

Defining the characteristics of hydrological circumstances
regionally and locally is a challenge under LULC changes [36].
This is more severe in developing countries where there is a
shortage of data, the degree of LULC change is indefinite [3].
For this reason, it is important to conduct studies about the
land use/cover change effect, especially in watersheds with
low hydrometeorological data availability such as the upper
Erer sub basin. Determining the land use land cover changes
and assessing their effects become particularly relevant for
sustainable management of land and water resources in the
long term for the study area. Various studies were analyzing
the impact of LULC changes on the hydrological process; eg
and others [37].

Researchers such as quantified the Impacts of Climate
and Land Cover Changes on the Hydrological Regime of a
Complex Dam Catchment Area, Pakistan [38]. Their findings
indicated that the Complex Dam Catchment Area is expected
to experience extreme hydrological events due to the land-
use and climatic conditions of the river basin which focused
on impacts on surface runoff. On the other hand, in Australia
simulated hydrological responses to land-use change in
the North Johnstone River catchment and found that land-
use change impacted hydrological variables, with the most
notable impact being on surface runoff [39]. Other study in
Tanzania evaluated the land use land cover changes impacts
of the Wami sub-basin considered only few hydrological
parameters and suggested to include other hydrological
parameters in order to better understand the hydrology of
the basin for the optimal use of water resources [40].

Generally, despite their notable outputs, these and many
other studies are limited to river sub-catchments/sub-basins
using some or part of the hydrological components. Thus,
they lack the ability to provide cumulative impacts of land
use land cover changes (LULCCs) on the hydrology at local
scale. Limited information is also available on the impact of
land use and land cover change on soil and water resources
in arid and semiarid areas of the country [41]. It is important
to evaluate the land use land cover change impact, mainly at
the local level [42]. Similarly, such problems are pertained in
the Upper Erer subbasin, which has multiple land uses and
considerable land use land cover changes [6]. Nevertheless,
the increase in multiple LULCCs and their impacts, only few
hydrological studies have been conducted on the region.

To understand challenges of the LULC changes effects in
Ethiopia further studies are required to investigate the LUCC
change impact on groundwater hydrology [41]. The current
study has incorporated more hydrological components in
the equation that represent a real situation of the catchment
hydrology. This study objective is to assess the effects of LULC
change on water balance, such as surface runoff, total water
yield, groundwater flow, lateral flow, and evapotranspiration
at subbasin scales using SWAT model. The study used for
improved understanding of hydrological processes under
changing LULC in the upper Erer subbasin.

2. Materials and Methods

2.1. Description of Study Area

The upper Erer subbasin, which is located physically
in between 9013’26.4” N to 9031’26.4” N latitude and
4204'40.8” E42020’'38.4” E longitude found at the upper part
of the Erer River Basin. The Erer River Basin is a tributary
of Wabisheble Basin and found in the upper Wabishebele
Basin, which drains from the Harar highlands. The Upper
Erer Subbasin area is about 466.84 km2 with an elevation
range from 1306 to 3019 meters as shown in (Figure 1). The
Upper Erer River Alluvial Valley Plain is found about 10 to 20
km east and south east of Harar Town.

Ecologically, the upper Erer subbasin is categorized in to
three climatic zones; Kolla (warm semiarid), varied from
elevation 500 to 1500 meters, accounted for about 13.06 %,
Woinadega (cool subhumid) varied from elevation 1500 to
2300 meters is accounted for 73.98 % and Dega (cool humid)
varied from elevation 2300 to 3200 meters accounted for
12.97 % of the total drainage area [43]. The mean daily
minimum and maximum temperatures were 12.78 and
26.72 °C respectively [44]. The regional agroecological zone
climate highly dominated by Woinadega (cool subhumid).
The population income mostly depends on agriculture [45].
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Figure 1: Study Area Location of the Upper Erer Subbasin

In this study SWAT hydrological model was employed for
hydrological component assessment under LULC changes.
Semi-distributed based modeling approaches are considered
for a remote watershed that suffers from lack of continuous
and good quality data [46]. The user identifies the type of
projection and the projection settings within the interface
when creating a new project [47]. The coordinate systems
for running the model, and the projected coordinate systems
like UTM (Universal Transverse Mercator) were used for this
study using the appropriate UTM zone, WGS 84-UTM zone 37
N. The subbasins generated from the watershed were further
divided into a hydrologic response unit (HRUs) in which
each HRUs had exceptional soil-land use combinations. The
hydrological cycle simulated by SWAT model is based on the
water balance components indicated in Equation (1.1).

t
SW, = SW, + Z(Pi — Qsurf

i=1

— Ea — Wseep — QgW) ..o v veeveeeee. .. Eq. 1.1

where SW_t is the total soil water capacity (mm), SWo is the
original soil water capacity (mm) at initial time i, t is the time
in days, Pi is rainfall in mm/day, Qsurf is the surface flow in
mm/day, Ea is evapotranspiration in mm/day, Wseep is the
water percolation from the soil profile in mm/day, and Qgw
is the groundwater recharge in mm/day.

In SWAT model simulation, the model computes evaporation

from soil and plants separately. For this study, the Penman-
Monteith potential evapotranspiration was selected and for
runoff (rainfall-runoff) daily rainfall/CN/daily were selected
for the watershed parameters for the assessment of water
balance [48]. Soil Conservation Services (SCS) curve number
method was chosen for surface runoff estimation [47]. In
the SWAT model simulations various spatial and temporal
data are required includes, Digital Elevation Model (DEM),
soil map, meteorological data, land use land cover data.
The DEM data with a grid resolution of 30 m by 30 m is
downloaded from United States of Geological Survey (USGS)
Earth Explorer website: (http://earthexplorer.usgs. gov/)
https://vertex.daac.asf.alaska.edu/and used to generate the
topography and slope of the sub-basin [49]. Using the DEM
data, the SWAT model generates five slope categories. Soil
data used for the study was generated from United Nations
Food and Agriculture Organization (FAO) website and
clipped by FAO soil map of Ethiopia collected from Ministry
of Agriculture.

The FAO soil map of Ethiopia was prepared by the
professionals considering the local circumstances of soil
characteristics. SWAT soil map input data was prepared
having soil map of the study area and lookup table. The soil
map was linked to the model and used to indicate the soil
type and the lookup table was used to describe the map using
two columns arranged, one for the soil name and the other
for soil values generated from the map [47]. In this study, the
Map Windows in the MWSWAT database were used for the
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soil database in Arc SWAT database to make compatible the
user soil map data with the ARC SWAT database.

The temporal data used for SWAT model simulation are
daily meteorological data. Both observed daily observed
and global data (CFSR) are used for this study. The rainfall
data was collected from ground rain gage observations from
Dire Dawa, Girawa, Gursum, Haramaya, and Harar stations
provided by the National Meteorological Institute of Ethiopia
(NMIE) for the period (1979 to 2014). Whereas, others
weather data (maximum and minimum temperatures,
relative humidity, solar radiation and wind speed) were
collected from Climate Forecasting System Reanalysis (CFSR)
using the overlapping coordinate with the ground gauging
stations [50-53].

(Table) based on the quantity, quality, period, consistency,
homogeneity, and their uniformity distribution around the
Upper Erer subbasin. The missing data for the rainfall data
were adjusted from the nearby stations using the arithmetic
mean method and normal ratio method as recommended by
[54]. The user weather databases were prepared and copied
to the Arc SWAT database [47]. In this study, the user edited
the entire user-wgn manually. Weather generator program,
WGNmaker4.xlms was run to calculate the value of different
precipitation parameters used for weather generator. This
program uses the EXCEL macro to calculate the weather
station statistics used for weather generator for SWAT model
input. For RAINHHMX (Maximum 0.5 hour rainfall in entire
period of record for month), if their values are not recorded
locally, the value of 1/3 of the maximum daily rainfall of a
month is taken cross ref: http://WWW-ssl.tamu.edu Texas A

Five meteorological ground stations were selected &M University [47,55].
Stations Geographic position Station Average yearly | Proportion of
Latitude Longitude topography (m) | precipitation missing values

(mm) (%)

Dire Dawa 9.60 41.86 1045 647 9.12

Haramaya 9.43 42.02 2025 816 12.92

Harar 9.30 42.08 1977 801 18.01

Girawa 9.13 41.83 2470 958 14.83

Gursum 9.35 42.39 1937 840 8.74

Table 1: Description of Gauging Stations and their Geographical Coordinates Including the Missing Values in %

The land use land cover data was prepared for SWAT input.
The Image classification is conducted using ArcGIS interface
under supervised image classification procedures to produce
the LULC map. Image classification accuracy assessment was
also used to check the accuracy for the land use land cover
map generated from Landsat data. Detail image classification
procedures were presented in the following sub-section. A
lookup table that categorizes the unique land use code for
the SWAT model were produced to link the grid values to
SWAT LULC classes [47].

During the SWAT model processing the Hydraulic Response
Units (HRUs) analysis was implemented by overlaying the
classified LULC map, soil map, and slope map (generated
from DEM). The overlay process was adjusted for specific
percentage values of LULC (10%), soil (15%), and slope
(15%) as recommended by [55].

2.2.Image Classification

For the extraction of LULC data, cloud-free (< 10%) dry
season, and Land Sat images availability was considered for
the periods. Seasonal differences in vegetation distribution
were minimized using the same annual season as shown in

Table 2. The Satellite images of the years 2001 (Landsat 7)
and year 2020 (Landsat-8) were obtained from United States
Geological Survey (USGS) (https://www.glovis.USGS.gov).
The downloaded images were analyzed using ArcGIS and
following the supervised classification approach to make a
land cover map for the region [56].

Image classification accuracy assessment was used to detect
the image classification accuracy for the classified LULC
map generated from Land Sat data, and this was used to
know the proximity of the images to the training sample
on the classified images. Using the interactive supervised
image classification, the LULC maps for 2001 and 2020 were
produced. Due to a constraint of field data, Google Earth, a
previously generated map of the region and the digitalized
topographic map with 1:50,000 scale of 1st edition 2000 of
Ethiopian Mapping Agency was used for the reference sample
generation as suggested by [57]. The accuracy of the image
classification was checked using the overall percentages of
accuracy, user's accuracy, producer's accuracy, and the Kappa
Coefficient [58,59]. The overall procedures were followed
using the following equation described in Equation (1.2-1.5).
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Reference data | Acquisition date Year/ Path/row Image Resolution
Month /Day

2001 2001/12/10 166/54 Landsat 7 30x30m

2020 2020/12/22 166/54 Landsat 8 30x30m

Table 2: Landsat Information for the Period under Consideration, Including the Acquisition Date, Path/ Row of

Images, Image Types, and Image Resolution

Total correctly classified pixels

X100

Overall accuracy =

Total of classified pixels

Equation (1.2)

Where, total correctly classified pixels are the sum of major diagonal and total of classified sample
points are the total number of reference samples points.

Number of correctly classified pixels per class

Producer accuracy =

Number of reference totals per class

X100 e, Equation (1.3)

Where, the producer’s accuracy indicates how well test set samples of the given cover type are

classified.

Number of correctly classified pixels per class

User accuracy =

Number of classified totals per class

X100 i Equation (1.4)

Where, the user’s accuracy is a measure of commission error that indicates the probability that a pixel
classified into a given category actually represents that category on the ground.

N YL, Sij—YiL; (Srtot X Sctot)
Kstat = —==¢ 1=1 X100
N2 -¥1L; (Srtot X Sctot)

Where Kstat is Kappa statistic coefficient, N is total number
of samples, Sij is the product of total number of sample and
total diagonal values, S o IS TOW total, S o 1S the column total
and n, is the number of categories. The coefficient evaluates
the difference between the actual agreement of classified
map and chance agreement of random classifier compared

with reference data [59].

In this study, two approaches were followed for the model
analysis between the periods; firstly, the LULC changes were
analyzed and secondly, the anlysis of the LULC change effects
on the hydrological components were evaluated. Figure 2
shows the detail process for the study analysis and output
including supervised image classification using the ArcGIS
for the land use land cover map preparation and impact
study analysis using the Arc SWAT model.

............................................................... Equation (1.5)

2.3. Calibration and Validation

The SWAT model has calibrated and validated using stream
flow used to compute the hydrologic components [48]. The
SWAT model simulations using the measured flow were
evaluated and well performed [8,10,11,16,26,60-63]. In
addition to the automatic calibration, manual calibration
has been adopted in different watersheds [64,65]. Manual
calibration of SWAT is difficult in many large-scale
applications. Nevertheless, the manual calibration process
encourages the user to better understand the model and
sensitive parameters [66]. The strengths of both the manual
and autocalibration approaches can be used to facilitate
the calibration process [67]. In this study, calibration and
validation was performed both automatically and manually.

Volume - 3 Issue - 1

Citation: Mummed, B. A., Seleshi, Y. (2025). Assessment of the Effects of Land use Land Cover Change on Water Balance Components in the Upper Erer Subba- P 6 of 20
sin, Wabishebele Basin, Ethiopia. J Earth Environ Waste Manag, 3(1), 1-20. age o



Journal of Earth & Environmental Waste Management Copyright © Bedasa Abrahim Mummed

Landsat image

Data preparation for

(2001 and 2020)

image cl ion

Topographic map
and previous map

Reapet the image
classification
process

Generated LULC

Supenvised image
classification
process

H

map (2001 and

VWeather
generator
analysis

SWAT input

SWAT model

input

2020) Image accuracy
_,_' assessment
onfusion
matrix analysis
S Generated LULC i
and soi ==
Weather data = map
SWAT input used for SVWAT

ULC change
nalysis (from 2001 t
2020)

setup

Waterhsed
delineation

LULC/Sail/
Slope overlay

—

Write input
table

SWAT model run

e —

SWAT model
output

Automatic
calibration &
validation

— ]

|

Observed
flow data

Sensitivity analysis

Manual
calibartion
process and
SWAT run

Maodel
performance
analysis

Hydrological
components analysis
from 2001 to 2020

Y

Final SWAT output 4

Figure 2: Conceptual Frame Work

More data were important for a reliable model calibration
at the watershed scale [26,54]. After the ARCSWAT model
simulation is completed, the calibration was performed both
automatically and manually [66,68]. Monthly streamflow
flow data at the outlet of the upper Erer subbasin is showed
in (Figure 1) for the periods (1984-1990) and (1993-1996)
were provided by the Ministry of Water and Energy of
Ethiopia (MWEE). Mmodel calibration and validation were
performed using recorded daily stream flow data at Upper
Erer River outlet of hydrological stations provided by the
Ministry of Water and Energy of Ethiopia (MWEE). Hence,
the daily flow data were changed to monthly flow data and
arranged according to the SWAT-CUP input data format
requirement for model calibration and validation. To execute
calibration and validation processes, SUFI-2 (sequential
uncertainty fitting) algorithm in SWAT-CUP2012 were used
to identify sensitive parameters form selected parameters.
SWAT-CUP is an auto-calibration and uncertainty analysis
tool with four built-in analysis algorithms [69].

The SWAT model simulation is run for period (1979-2014)
as a monthly basis and the SWATCUP model is used to
identify sensitive parameters. Autocalibration approach was

used to assess the sensitive parameters and know the range
of parameter values. The manual calibration/ validation
involves varying the input parameter values within the
recommended ranges to produce simulated flow data that
were analyzed with the measured flow data [70].

2.4. Sensitivity Analysis and SWAT Model Performance
Evaluation

The parameter sensitivity analysis helps to detect the most
influential flow parameters that are used for calibration
and validation in the model [71]. The sensitivity analysis
was performed using the SWAT-Calibration and Uncertainty
Procedure (SWAT-CUP) [72]. SUFI-2 is an iterative procedure
that were used for model calibration and validation to attain
a reasonable result [10,71,73]. The model was run using
the best parameter output values and measure the model
performance using the simulated and observed streamflow
data using performance measures such as; Nash-Sutcliffe
coefficient (NS), coefficient of determination (R2), and
percent bias (PBIAS). The performance measures of NSE,
R2 and PBIAS were calculated using Equations (1.6, 1.7 and
1.8), respectively.
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n . N2
NSE:1_[ZL=1(QO—LQSD]

¥i21(Qoi — Qoav)?

?:1(001‘ = Qsav)(Qoi —Qoav)

R*=1- [
2?:1(Qsi - Qsav)z Z?:l(Qoi - QoaLv)2

Z?:;[(Qoi — Qsi)

PBIAS =1 — )

Where; @, and Q_: the observed and simulated streamflow
data, @  and Q_ the average of the observed and simulated
stream flow data. The model evaluation performance
rankings were established for each recommended statistical
value.

2.5. Land use Change Analysis for Hydrological Response
The land use change affected the water balance components
[15,22,74]. For this study to assess the water balance
components of the land cover change effects. The LULC maps
for the period of 2001 and 2020 with the same climatic data
were used for the model analysis. The changes in hydrological
component results were assessed from the effects of the
LULC change on the hydrologic response in the watershed.

3. Results and Discussions

3.1. Image Classification Accuracy Analysis

Using supervised/maximum likelihood classification the
land cover classes were generated applying training samples
developed from ground truth reference sample data by
employing Google Earth, previously generated map of the
region, and topographic maps. The random reference sample
points for the years 2001 and 2020 were 129 and 143,
respectively. A matrix was generated using the reference
samples along the rows with the classified images along
the columns were compared to identify the relation. About
six LULC classes were generated for the study area such as:
agricultural land, bare land, forest land, settlements, shrub

Equation (1.6)

Equation (1.7)

Equation (1.8)

lands, and water bodies.

After land cover classes were generated, the LULC maps
of 2001 and 2020 were prepared. Comparison was made
using the sample LULC classes of the classified layer and
the reference layer. Then, the classification accuracy of the
resulting LULC maps was assessed. To analyze the accuracy
of LULC maps, overall, producer’s accuracy, user’s accuracy
and Kappa coefficient were computed using Equations (1.2,
1.3, 1.4 and 1.5), respectively. Table 3 and Table 4 shows the
overall accuracy, producer’s accuracy, user’s accuracy, and
kappa coefficient values for the reference years. The overall
accuracy for the years 2001 and 2020 was greater than the
minimum value (85 %) recommended by [75]. For the years
2001 and 2020, the kappa coefficient was 0.84 and 0.89,
respectively. The Kappa coefficient was greater than 0.81 as
per suggested by, which implies the agreements are strong
agreement [76].

The producer’s accuracy for the years 2001 and 2020
for the settlement (URBN) land cover is 78.6 and 85.7 %,
respectively. This imply the producer’s accuracy assessment
for settlement land cover is less than the others land cover.
Similarly, the producer’s accuracy for water body land cover
for the year 2001 is 80 %. The user’s accuracy for water
bodies (WATR) for the year 2001 is 80%. The user’s accuracy
for the year 2020 is.7% for the shrub lands (RNGB) cover
class which is the smallest value.

Matrix AGRL BARR FRST URBN RNGB WATR Sum User's
References | Accuracy
AGRL 35 2 0 1 2 0 40 87.5
BARR 0 12 0 0 13 92.3
FRST 5 22 0 0 2 29 75.9
URBN 0 0 0 11 0 0 11 100.0
RNGB 0 0 0 1 25 0 26 96.2
WATR 0 0 2 0 0 8 10 80.0
Sum Classified 40 14 24 14 27 10 129
Producer’s 87.5 85.7 91.7 78.6 92.6 80.0
Accuracy

Table 3: Image Classification Accuracy Assessment for year 2001 (Overall Accuracy= 87.6%, Kappa Coefficient=0.84)
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Matrix AGRL BARR FRST URBN RNGB WATR Sum User's
References | Accuracy

AGRL 40 2 0 0 1 0 43 93.0

BARR 1 15 0 1 0 0 17 88.2

FRST 0 0 26 0 0 0 26 100.0

URBN 0 0 0 18 0 0 18 100.0

RNGB 4 16 2 24 66.7

WATR 0 0 0 15 15 100.0

Sum 45 17 26 21 17 17 143

Classified

Producer’s | 88.9 88.2 100.0 85.7 94.1 88.2

Accuracy

Table 4:Image Classification Accuracy Assessmentfor Year 2020 (Overall Accuracy=90.91%, Kappa Coefficient=0.89)

3.2. Changes in Land use Land Cover Analysis

Based on the image classification processing, six land cover
classes were generated in this study area. The areal coverage
and land cover change for the years 2001 and 2020 of
LULC classifications are showed in Table 5 Figure 3 shows
the spatial distribution LULC for the years 2001 and 2020.
The result indicated that forest lands were significantly
decreased from 2001 to 2020 by about 18.6 km2, followed
by agricultural land (18.5 km2) and water bodies (2.8 km2).
But bare land, shrub land, and settlements were increased
histrionically by 14.9, 14.3, and 10.8 km2, respectively
from years 2001 to 2020. The forest land was decreased
and the urban land was increased. This were confirmed
by similar studies [63,77]. From Figure 3, the bare lands
were intensified at the southern part and at the edge of the
watershed outlet. The shrub lands were increased at the
expense of agricultural land and forest land. The new shrub
lands were occupied from years 2001 to 2020. This was
probably due to high plantation of chat crop in the region,
which is considered as shrub land. About 17.12 % of the total
LULU type were transformed during the years from 2001 to
2020.
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Shrub land, bare land, and settlements had increased
from years 2001 to 2020. In contrast, forest land was
decreased, perhaps as a result of growth in population
and urbanization, this agrees with the study on the upper
Genale River Basin [58]. The LULC map demonstrated the
agricultural land was the major LULC class, shrub lands and
bare lands were the second and third dominant coverage in
the study area, respectively in Table 5. The forest land and
water body showed a reduction and bare land and urban
areas have increased, this agreed with the study done on
Erer sub watershed [6]. But this output was disagreed with
other study conducted on the Koga Watershed that indicated
croplands were intensified [78].

Table 6 shows the comparison matrix for the LULC changes.
The comparison matrix revealed that the maximum
changes in the LULC change were for forest and water body
comparison and the minimum changes were detected for
settlement and shrub land comparison. The change in LULC
for agricultural and forestland comparison was nearly 1, this
implies the change is comparable.
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Figure 3: LULC Maps for the Years 2001 and 2020
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3.3. Watershed Delineation and HRU Analysis

The watershed delineation was generated using the raster
mask of the study area, DEM map, and upper Erer subbasin
outlet. At this position there was an installed hydrometric

gauging instrument. The delineation process generates
around 23 subbasins and 146 Hydraulic Response Units
(HRUs) as showed in Figure 4.

Land use Type | 2001 LULC 2020 LULC LULC changes
Area coverage Area coverage Area coverage changes
km2 % km2 % km2 %
AGRL 327.0 70.04 308.4 66.07 -18.5 -3.97
BARR 53.0 11.34 67.9 14.53 149 3.19
FRST 36.0 7.71 17.3 3.71 -18.6 -3.99
URBN 6.9 1.47 17.6 3.78 10.8 2.30
RNGB 40.4 8.66 54.8 11.73 14.3 3.07
WATR 3.6 0.78 0.8 0.18 -2.8 -0.60
TOTAL 466.8 100 466.8 100

Table 5: LULC Change Analysis from Years 2001 to 2020 (km2 Denotes the Area in Square Kilometers)

Figure 5 shown the soil and slope classification map. This
indicated that the Dystric Cambisols were mostly found at
the higher elevation of the watershed. The Eutric Nitosols
were found at the lower elevation of the watershed with
most of the slope class range 8 to 15 %. The soil data in the
Upper Erer sub catchment were shown in Table 7. The major

soil types in the region, namely: Dystric Cambisol, Eutric
Nitosols, and Humic Cambisols. In the region, the land use
land cover was classified in to six classes, namely: bare land,
cropland, forestland, settlements, shrublands, and water
body. In the region, the cropland covers the highest areas and
the water body covers the minimum area [6].
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Figure 4: Upper Error Subbasin Delineation Output
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Matrix AGRL BARR FRST URBN RNGB WATR
AGRL 1 1.24 0.99 1.72 1.72 6.62
BARR 1 0.80 1.38 1.04 532
FRST 1 1.73 1.73 6.66
URBN 1 0.75 3.84
RNGB 1 5.12
WATR 1

Table 6: Land use Land Cover Change Analysis Matrix for the Years 2001 to 2020

Soil features Description soil map of the world (1974) | SWAT Soil Codes

Soil features Dystric Cambisols Bd30-2-3¢c-9
Humic Cambisols Bh12-3c-31
Eutric Nitosols Ne15-3¢-159

Table 7: Description of Soil Class and Soil-Code for SWAT Model Input for the Region
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Figure 5: Soil and Slope Classes for the Study Area

In the classification processes, six major LULC classes were [48]. Table 8 shows the SWAT code used to link the LULC
generated [6]. The LULC class description was taken from map to the SWAT land use database.

Value/ class Original/ Map LULC Name SWAT Description CROP NAME SWAT CODE CPNM
1 Agricultural Lands Agricultural land -generic AGRL

2 Barren Lands Barren BARR

3 Forest Lands Forest Mixed FRST

4 Settlements Residential URBN

5 Shrub Lands Range Brush RNGB

6 Water Bodies Water Body WATR

Table 8: Description of LULC Classification and LULC Code for SWAT Model

Volume - 3 Issue - 1

Citation: Mummed, B. A, Seleshi, Y. (2025). Assessment of the Effects of Land use Land Cover Change on Water Balance Components in the Upper Erer Subba- P 11 of 20
sin, Wabishebele Basin, Ethiopia. J Earth Environ Waste Manag, 3(1), 1-20. age o




Journal of Earth & Environmental Waste Management Copyright © Bedasa Abrahim Mummed

The prepared LULC, soil and slope maps have been
systematically overlayed to get the HRU analysis results for
the watershed. The maximum soil groups in the watershed
were the Dystric Cambisol covering around 54.53 %, the
Eutric Nitosols with an area coverage for 25.09 % and Humic
Cambisol covering around 20.38% of the watershed.

The maximum coverage slope class of 15 to 30% covers
around 34.21 % of the watershed area, and the smallest
coverage is 1.09 % with the slope class of less than 2 % slope.
From the results, more than 70 % of the slope coverages were
concentrated within the range of 2 to 30 % slope class and
more than 62.6 % slope coverage were > 15 % slope class.
This result was confirmed by [17].

3.4. Sensitivity Analysis and Model Performance
Evaluation

Studies done globally rank the sensitive parameters such as

showed CN2 (Initial soil conservation service (SCS) curve
number), ALPHA BF (Baseflow alpha factor), GW_DELAY
(Groundwater delay), and GWQMN.gw (Threshold depth
of water in the shallow aquifer for return flow to occur)
have high sensitivity values [27]. Other study showed that
parameters like: CN, ALPHA_BF, and GW_DELAY were
more sensitive [9]. Other study conducted on tropical
watershed indicated CN2, GW_REVAP (Groundwater "revap"
coefficient) and SOL AWC (Soil water available capacity)
were more sensitive [73]. While, other studies indicated
three sensitive parameters such as: CN2, GW_DELAY, and
SOL_K (1) (Saturated hydraulic conductivity of first soil layer)
[47,63]. Other scholar identified the influential parameters
includes; surface runoff (CN2) and total flow parameters
(SOL_AWC, ESCO (Soil evaporation compensation factor))
[66]. Meanwhile, other study showed CN2, SURLAG (Surface
runoff lag time), and CANMX (Maximum canopy storage)
were the most three sensitive parameters [10].

Sensitive parameters References
ESCO, CN2, ALPHA_BF, REVAPMN, SOL_AWC, GW_REVAP, CH_K2, and | [61]
GWQMN

CN2, ESCO, SOL_AWC, SOL_Z, ALPHA BF, ALPHA BF CH_K2, CH_K2, | [79]
REVAPMN, and GWQMIN

CN2, SOL_AWC, SOL_Z and REVAPMN [80]
CN2, GW_REVAPgw, RCHRG_DP.gw, SOL_AWC (1).sol, GW_DELAY.gw, | [47]
ESCO.hru, SURLAG.bsn, REVAPMN.gs and GWQMN.gw

CN2.mgt, _SOL_AWC (..).sol, RCHRG_DPgw, CH_K2.rte, GW_DELAY.gw | [56]
ALPHA_BF.gw, SLSUBBSN.hru, GW_REVAP.gw, EPCO.bsn, SOL K (...).sol

and HRU_SLPhru

Alpha_Bf, Cn2, Esco, Gw_Delay, Gwgmn, Revapmin, Rchrg DP, Sol_Awc, | [81]
Sol_K, and Surlag

RCHRG_DP, SOL_K, CN2, GWQMN, ESCO, SLSUBBSN, GW_REVAP, SOL_ | [82]
AWC and ALPHA_BF

Table 9: Literature Survey of the Most Sensitive Parameters in Some Related Studies in Ethiopia

Among the sensitive parameters identified in various studies
above CN2 parameter implied rapid changes in land use
classes [79-83]. Understanding this sensitive parameter help
to reduce the calibration iteration process [31]. The ranges
of parameter value were adapted from the SWAT manual
[48]. Identification of the most influential parameters form
different literature used to easily understand the mostly
used parameters and Table 9 shows the literature summary
for the most influential parameters in Ethiopia. Using this
step aboutl7 parameters were identified during the first
autocalibration process. Using the sensitivity analysis of
sufi2 algorithm in the SWATCUP model, out of the 17 selected
parameters, the most influential 10 parameters in the region
were identified. Figure 6 shows the sensitive parameters
values from the autocalibration analysis using SWAT-cup of

sufi2.

The identifier in Figure 6, (R_) state of the relative change
in the parameter to the value from the SWAT database was
multiplied by (1 + a given value), (V_) refers the parameter
value from the SWAT database was changed by the given
value and (A_) refers the value was added to the current
parameter value. In this model, for spatial parameters (eg.
CN2, hydraulic conductivity, bulk density, and others), we
use (r_) or (a_) before the parameters of the model to modify
the existing values (SWAT output) with new values (fitted
values) by modification. But, for non -spatial parameters, we
use (v_) to modify the existing values to the new values by
replacement.
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Figure 6: Global Sensitivity Analysis Results of Parameters

The smaller absolute p-value and the larger absolute
t-value were considered and ten sensitive parameters
were identified from seventeen parameters selected from
the literature survey (Figure 6). From the result, the most
sensitive parameters were CN2, SOL_AWC, ESCO, GWQMN,
and others. This agreed with most studies in Ethiopia
[9,27,47,61,84]. The model performance is also checked
with manual calibration procedures using the SWAT model

manual helper; repetitive simulation (twenty-eight) was
carried out during the process by adjusting the surface
runoff and groundwater flow sensitive parameters. The final
influential parameters and their fitted values were shown
in Table 10. The four parameters; CN2, SOL_K, GWQMN, and
REVAPMN were identified as the most influential parameters
out of 10 parameters selected from autocalibration process.

Parameter Description (unit) Default values | Final fitted | Min. range | Max. range

Name values

CN2.mgt Initial soil conservation service 65 72.5 35 98
(SCS) curve (none)

SOL_AWC (1). | Soil water available capacity (mm 0.092 0.097 0 1

sol H20/mm soil)

SOL_K (1).sol Saturated hydraulic conductivity 7.04 21.12 0 200
(mm/hr)

ESCO.hru Soil evaporation compensation 0.95 0.92 0.01 1
factor (none)

EPCO.hru Plant uptake compensation factor 1 0.98 0 1
(none)

GWQMN.gw Threshold water level in shallow 1000 1300 0 5000
aquifer for baseflow (mm)

REVAPMN.gw | Threshold depth of water in the 750 75 0 500
shallow aquifer for “revap” to occur
(mm)

GW_REVAPgw | Groundwater ‘revap’ coefficient 0.02 0.018 0.02 0.2
(none)

SURLAG.bsn Surface runofflag coefficient (none) | 4 2.5 0.05 24

RCHRG_DPgw | deep aquifer percolation fraction 0.05 0.042 0 1
(none)

Table 10: Sensitive Parameter Description and their Values (Default, Fitted, Minimum and Maximum Ranges). The
Abbreviations Min. and Max. Denotes the Minimum and Maximum Ranges, Respectively.
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3.5. Model Simulation

Automatic and manual calibration procedures were used.
The manual procedures suggested by were used to modify
the SWAT model parameters [48]. The manual calibration and
validation were done by adjusting the sensitive parameters
that were identified from autocalibration for groundwater
parameters and surface runoff parameters. The flow
calibration procedures suggested by were implemented.
The model simulation was performed for period (1979-
2014) using three years warmup period (1979-1981) [65].
The calibration and validation process taken place using
observed monthly streamflow data for calibration period
(1984-1990) and validation period (1993-1996). In the
initial SWAT model simulation, the base flow was too low and
the evaporation was too high, adjustments were made on the
groundwater flow evaporation parameters; by decreasing
GWQMN and GW-REVAP and increasing REVAPMN
parameters repetitively until the model performance
measures such as coefficient of determination (R%), Nash-
Sutcliffe efficiency (NSE), and percent of bias (PBIAS).

Then, the baseflow became too high, and the peak flows
were too low, adjustments were made to the surface runoff
and baseflow parameters by increasing CN2 and decreasing
the other flow parameters like; SURLAG, ESCO, EPCO. Finally,
the same adjustments were made to the soil parameters
(SOL_K (1), SOL_AWC (1)) until the statistical measures
reaching acceptable values [67,72]. The final SWAT model
simulation output was found to be checked and performance
parameters for calibration period were R? (0.84), NSE (0.65)
and PBIAS (-23.04). Similar procedures were followed
using the flow data for validation period found that the
performance measures were R? (0.83), NSE (0.53) and PBIAS
(-14.16). The result indicated that the model performance

Calibration period

m

(]

§30 R2 = 0.84

€ 20 e O 9o

= @ e

o] [ ) )

2 10 00e.8 °

& 0o '.

g 0 “'

& 0.000 5.000 10.000 15.000

Observed (m3/sec)

measures were in acceptable range for NSE > 0.50 and R2 >
0.70, and if PBIAS * 25% [85,86].

During the manual calibration, the process has in the
order of sensitivity and influence on the flow parameters
for runoff and groundwater. First, the CN2 was calibrated
and then the GW_REVAP, REVAPMN, and RCHRG_DP in the
order of sensitivity of the parameters need adjustment [67].
The calibration and validation include all kinds of climate
situations; like dry years, wet years, and moderate occur in
both periods [85-88]. SWAT output values were checked as
per the SWAT developers’ suggestions and all output values
for model performance were within the satisfactory range of
PBIAS < (+25%), R? > 0.7 and NSE > 0.5 suggested by [85,65].
This agreed with a similar study on Gilgel Gibe watershed
[89]. Similarly, the results agreed with the study on Angreb
watershed [77].

From the result, model performance values, R2 values higher
than 0.83 for both the calibration and validation periods as
suggested by, this indicates that there is a strong agreement
between the simulation and measured data [24]. This study
result of the performance measure; PBIAS was difference
with the study on hangar catchment of PBAIS which is less
than 10% [47]. For this study, R? value was higher and NSE
value was smaller than a similar study on Bilate catchment
[63]. In general, the performance indicator values found
for the model simulation showed a very good performance
rate in simulating the SWAT models as suggested by [47].
The simulated and measured monthly flow correlation
diagram indicating the coefficients of determination (R?) for
calibration was 0.84 and for validation was 0.83 as shown in
Figure 7.
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Figure 7: Scatter Plot of Observed and Simulated Monthly Streamflow for the Study Area.

The monthly steam flow hydrographs for the model
simulation were shown in Figure 8. The results showed
that the model has overestimated the flow for July 1986 and

September 1986 and under estimated flows for August 1989,
September 1989, and August 1994.

Volume - 3 Issue - 1

Citation: Mummed, B. A., Seleshi, Y. (2025). Assessment of the Effects of Land use Land Cover Change on Water Balance Components in the Upper Erer Subba-
(2025) 8 P PP Page 14 of 20

sin, Wabishebele Basin, Ethiopia. J Earth Environ Waste Manag, 3(1), 1-20.



Journal of Earth & Environmental Waste Management Copyright © Bedasa Abrahim Mummed

calibration period

25.000
20.000
15.000
10.000
5.000
0.000

Monthly flow in m3/s

Time in months

e (Q_Measured (cms) e==(Q_Simulated (cms)

© . . .
@ validation period
£ 10.00
2 8.00
= 6.00
>
= 4.00
£ 2.00
§ 0.00
FFFFF PP L
& R AN G AR G &

Time in months

e (_Measured (cms) e=====(Q_Simulated (cms)

Figure 8: Monthly Stream Flow Hydrograph for Calibration and Validation

3.6. Effects of Land use Land Cover Change on
Hydrological Response

The hydrological response effect due to land use land cover
change for the years 2001 and 2020 were presented in
Table 11. The groundwater flow increases by 10.39%, water
yields by 8.22 %, surface runoff by 6.03% and lateral flow by
1.85% only. Whereas, evapotranspiration shows decrease by
3.34 % from 2001 to 2020. This was confirmed by a study
on tropical catchments [90]. The result indicated there
was high evapotranspiration with low runoff in the region.
Hydrological responses were varied due to the effects of the
LULC changes in the region [68]. In this study, the decrease
in forested land led to a reduced in infiltration rate, this was
probably due to the reduction in surface roughness and
reduction in average annual evapotranspiration, and this
agreed with the study on the East African watershed [32].
In the region, there was an increase in settlement lands and
a decrease in natural forest, this contributed high surface
runoff as confirmed by similar studies in other parts of
Ethiopia [6,57]. From the results, the evapotranspiration
was decreased due to a shortage of soil moisture as a result
of the decrease in natural vegetation cover [7]. Other study
supporting the findings of this study revealed that the
conversion of forest land to shrubs and settlements leads to
areduction in evapotranspiration and an increase in surface

runoff [88]. The surface runoff increased by 6.03 %, this
finding was supported by other study conducted on Tekeze
dam [8].

The water yield was also increased in this study, and this
agreed with the similar study [91]. The surface runoff was
increased due the expansion of settlement lands and the
expense of other land covers [34]. Other study supporting
this study findings indicated that an increase in water yields
and decrease in evapotranspiration due to the reduction
and forest lands and tends to soil moisture decrease soil
[11]. Generally, the changes in surface runoff result from
the conversion of natural vegetation to other lands as
suggested in similar study [10,31,83]. Overall, the results
showed that about 68 and 65.2 % of the precipitation were
lost to evapotranspiration for the years 2001 and 2020,
respectively. Whereas, about 27.2 and 29.5 % of the total
precipitation were only changed to water yields in 2001
and 2020, respectively. From these results, the reduction
in evapotranspiration was possibly related to the decrease
in forest coverage. The groundwater consumption from
precipitation were 15.3 % for the year 2001 and 16.95 % for
the year 2020. This was probably due the natural vegetation
land was reduced and the shrub lands were increased.

Hydrological response LULC changes Parameter increase/ decrease
LULC 2001 LULC 2020 Amount %

Surface runoff (mm) 75.82 80.39 4.57 6.03
Groundwater flow (mm) | 129.68 143.16 13.48 10.39
Evapotranspiration (mm) | 574.2 555 -19.20 -3.34

Lateral flow (mm) 63.85 65.03 1.18 1.85

Water yields (mm) 230.25 249.18 18.93 8.22
Precipitation (mm) 844.4 844.4 - -

Table 11: Hydrological Response of Mean Annual Land use, Land Cover Change

Figure 9 shown the temporal distribution of water balance
components in the study area. From the results, the main
rainy seasons from April to May and June to September
were the maximum mean monthly surface runoff and water

yields. However, October, November, December, and January
were dry months with low surface runoff and water yields in
the region [56,92].
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Figure 9: Average Monthly Distribution of Hydrological Response

4. Conclusions

This study was focused to assess the LULC change and their
effects to the hydrological response from the years 2001
to 2020. In the watershed delineation process, around 23
subbasins and 146 HRUs were generated in the study sub
basin. The HRUs were generated from the overlay analysis
of HRUs analysis using the Arc SWAT interface of LULC, soil
and slope maps of the watershed. Three soil types, namely:
Dystric Cambisol, Eutric Nitosols, and Humic Cambisol and
five slope categories were generated from the analysis.

The CN2, ESCO, SOL_AWC, and REVAPMN identified as the
most influential parameters in the sub-basin that affect the
flow. The LULC change assessment for the years 2001 to 2020
revealed the agricultural lands were reduced by 18.5 km2,
water bodies by 2.8 km2, and forest lands by 18.6. However,
shrub lands were increased by 14.3 km2. The bare lands
and settlements were increased by 14.9 km2 and 10.8 km2,
respectively. These were probably agricultural and forest
lands were changed to shrub land and/ or settlements and/
or bare land. The shrub lands were the maximum coverage
increment next to bare land. This is due to the intensification
of the Chat crop in the region were most of the agricultural
and other lands were changed to this crop.

Under the LULC changes, the hydraulic responses effects for
the sub-basin were evaluated from the years 2001 to 2020.
The output showed that the surface runoff, ground water
flow, and water yields were increased by 6.03,10.39,and 8.22
% from 2001 to 2020, respectively. The evapotranspiration
was decreased by 3.34 %, these were due to the decrease of
the natural vegetation.

The SWAT model simulation showed that the model well
performed for the assessments of LULC changes in the upper
Erer subbasin. Nevertheless, the hydro-meteorological data
inadequacy and quality in the region indicated the satellite
data involvement in the future to better understand the
local conditions under changing situations. Even if the
study of LULC change on the hydrological components are
insufficient in the subbasin level but, slightly serves policy
makers and stake holders for better utilization of natural

resources and proposed management practices for future
analysis. Moreover, the manual calibration approach for the
SWAT model assistances the user for improved knowledge
and understanding the hydrological parameters. Future
studies may need the integration of manual and automatic
calibration approaches for the upper Erer subbasin by
using refined hydrometeorological data for the improved
output. Though, the LULC on hydrological process shows a
considerable change in streamflow and overall hydrological
responses, the study has not covered the sediment yield
analysis that possibly affected by the LULC types. Future
studies may consider the sediment yield in the subbasin
including other parameters (such as; climate change) that
affect the hydrological response in the region.
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