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ABSTRACT

Land use and land cover change significantly affected global water yield and sediment yield.
The population within the Robigumero watershed experiences periodic increases that are
attributable to changes in land use and land cover patterns occurring over both a spatial
and temporal scale. Therefore, this study mainly focused on assessing LULC change and
analyzing its impact on stream flow and sediment yield in the Robigumero watershed. For
this study, spatial and hydro-meteorological data were used as model input. ERDAS Image
2015 was used to assess land cover classification and accuracy. SWAT model was used to
simulate stream flow and sediment yield in monthly time steps. The model predicted stream
flow with R? values of 0.89 and 0.77, NSE values of 0.87 and 0.76, and PBIAS values of -2.3
and -5.1 during calibration and validation periods, respectively. Similarly, the model
predicted sediment yield with R? values of 0.80 and 0.75, NSE values of 0.80 and 0.74, and
PBIAS values of -7.1 and 0..9 during the calibration and validation periods, respectively.
During the study period from 1994 to 2021, the Robigumero watershed experienced
substantial LULC change, with agricultural land and built-up area increasing by 18.6% and
160.8%, respectively, while forest, grassland, and shrubland cover decreased by 12.7%,
10.4%, and 40%, respectively. The calibrated model predicted results showed that on the
watershed outlet point, mean annual stream flow increased by 4.64 m®/s, and mean monthly
stream flow increased by 0.86 m%/s during the wet season and decreased by 0.14 m%/s during
the dry season from 1994 to 2021. Similarly, annual sediment yield increased by 5.5 t ha’
L yr?, with seasonal yields increasing by 4.84 t ha.yr! during the wet season and 0.49 t ha
Lyr? during the dry season. Spatially, nine subbasins (43.3%) of the catchment revealed
sediment yield-critical areas; from these, 24.02 t ha® yr! of sediment was generated.
Implementing terracing, filter strips, and contouring in the critical subbasins demonstrated
sediment yield reductions of 71.1%, 46.3%, and 51.9%, respectively. The findings of this
study indicate that annual and wet season stream flow and sediment yield increased, while
dry season stream flow was reduced. The change in stream flow and sediment yield is a
direct result of the significant change in land use and land cover in the watershed. This
suggests soil and water resource development in the catchment needs urgent regulation by

the LULC and should be given priority to sediment reduction measures.

Key words: SWAT Model, Sediment yield, Stream flow, Robigumero watershed,
LULCC, ERDAS imagine, BM
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1. INTRODUCTION

1.1 Background

Land use changes significantly affect global water and sediment yield, despite the complex
relationship between land use, land cover and hydrological processes, spanning spatial and
temporal scales (Sadhwani et al. 2022). In the world today, land use land cover change is
serious issues and the most crucial research agenda. The change in land use and land cover
were the direct and indirect result of human activities. Throughout the world, technological
advancement, the dispersal of industrial areas, the expansion of intensive agricultural land,

and urbanization are all major factors that accelerate LULC change (Schilling et al. 2008).

The rapidly increasing population pressure, particularly in developing countries, has a
significant effects on the LULC dynamics, through deforestation to increase agricultural
production (Maitima et al. 2009). Ethiopia is one the developing countries where agriculture
is the main driver of the economy, but agriculture is facing a major environmental challenge
from LULC change (Minta et al. 2018). Previous investigations in various basins of the
country, particularly in the Upper Blue Nile basin, revealed extraordinary LULC dynamics

induced by human activities such as deforestation and reforestation (Gashaw et al. 2018).

The effect of land use land cover changes on the amount of water in any type of catchment
is primarily determined by the biophysical characteristics of land use land cover composition
(Letaetal., 2021: Welde & Gebremariam, 2017: Li et al., 2018)). LULC change also have a
significant impact on hydrological processes such as surface runoff, groundwater recharge,
infiltration, interception, and evapotranspiration (ET) (Owuor et al. 2016; Woldesenbet et
al. 2017; Gashaw et al. 2018). Most studies agree that expanding agricultural land at the
expense of vegetative cover significantly increases runoff potential while decreasing ET in
a given watershed (Yan et al. 2013; Gashaw et al. 2018; Aragaw et al 2021). A reduction
in vegetative cover could also affect infiltration and lead to reduced groundwater levels,
consequently reducing the base flow of the streams (Siddik et al. 2022; Guzha et al. 2018).
The sustainability of water resources is directly related to land use planning and management
strategies because land use land cover change are related to water availability through

pertinent hydrological processes (Guo et al. 2008; Alamirewet al .2023).



The catchment's soil erosion is mostly influenced by the absence of protective land cover,
whereas sediment export to rivers is determined by on-site sediment production and the
connectedness of sediment sources and rivers (Bakker et al. 2008). Sediment export is also
affected by land use since sediment transport capacity varies with land cover type (Aneseyee
et al. 2020). Land use changes affect surface roughness, soil organic content, soil structure,
infiltration rate, and hydraulic connectivity within a catchment (Fiener et al. 2011; Wei et al.
2009). These alternations have significant consequences for the spatial and temporal
dynamics of hillslope hydrology, as well as sediment production, transport, and delivery to
rivers (Braud et al. 2001; Rey 2003; Yan et al. 2013).

Soil erosion is one of the most critical issue of land degradation problems all over the world
and at the global scale because of its negative effects on agricultural productivity, the
environment, food insecurity, and reservoir of life (Lal 2001; Haile, et al .2006). Every year,
about 10 million ha of cultivated land in the world are out of production because of soil
erosion (Pimentel, 2006). The soil erosion problem is common in the world but relatively
severe in sub-Saharan Africa, where countries are most affected (Tully et al. 2015).
According to a study conducted by Fenta et al. (2021) in the main river basins of Ethiopia,
annual soil loss was 1.9 billion tons/yr and sediment yield was 410 million t yr; from this,
573 million t yr "t were generated from the Blue Nile basin. In Ethiopia, soil productivity
loss due to water-induced erosion and unsustainable land management practices is

substantially affecting agricultural productivity (Kidane et al. 2019).

In developing countries like Ethiopia, poor land use practices, improper management
systems, and lack of effective soil conservation measures are major causes of soil erosion
and degradation. For instance, in rugged terrain and steep slopes, agricultural areas expand
without effective soil conservation measurement (Lal 2001; Haile et al. 2006). Since proper
use of available soil and water resources is critical to agricultural development and food
security. Analyzing land use changes and understanding their impact on current land use
land cover and the future is critical for policymaking, planning, and implementing natural
resource management. This careful analysis of land use change provides best management
practices that will allow a balanced use of land for the people (Reddy and Gebreselassie
2011).

Robigumero watershed is located upper Blue Nile basin within the Jemma sub-basin and

drained by Jemma River flow into the upper Blue Nile River. In this watershed appear land



use land cover changes, but the percentage change of land use and land cover and its impacts
on the amounts of stream flow, sediment and sediment yields out from this watershed area
specifically has not been quantified or simulated before. Therefore the main aim of this study
is to assessing the effect of land use and land cover changes on stream flow and sediment
yield of Robigumero watershed under different decade using Arc SWAT hydrological model
integrated with arc GIS. The purpose of this study is to assist planners, engineers, and other
professionals who work in the design, planning, and management of water resources and

watershed development projects.
1.2 Statement of the Problem

Sediment in the upper Blue Nile Basin is mainly originated from the highland of Ethiopian;
presence of extensive cultivated area, steep and long slopes is among the major factors for
intensive erosion (Welde and Gebremariam 2017). The Robigumero watershed is located
within the Jemma sub-basin and drain into the upper Blue Nile River. Depending on
topographical elevation, Robigumero watershed is a highland area with a severe soil erosion
problem. The erosion rate of this watershed not only affected by steep and long slope, it is
affected by both natural and human activities; from the human activities, population growth
is the most significant cause. The population of this watershed has grown rapidly, to satisfy
this expansion and intensification of agriculture, expansion of urban areas, and extraction of
timber and other natural resources accelerate now to meet the demands of an increasing
population. Furthermore, the watershed has been subjected to continuous severe land
resource degradation as a result of a combination of natural and human force activity such
as deforestation, overgrazing, and increasing cultivated mountainous and steeper sloped
areas that lack protective measures against land erosion and degradation. Generally Land
use and land cover change appear in this watershed, but the percentage change of land use
and land cover and its effects on the amounts of stream flow and sediment yields leaving
from this watershed area specifically have not been quantified before. Therefore, currently
its needs research that examines the effects of land use land cover changes on stream flow
and sediment yield on Robigumero watershed. This finding,s enable to formulate and
implement effective and appropriate response strategies to minimize the undesirable effects

of future land use change.



1.3 Objectives

1.3.1 General objective

The main objective of this research is to analyze the effects of land use land cover change
on stream flow and sediment yield under different decades land use land cover changes of
Robi Gumero watershed, Upper Blue Nile Basin, Ethiopia by using hydrological model

approach.
1.3.2 Specific objectives

e To prepare LULC maps for 1994, 2008, and 2021, and analyze the spatio-temporal
changes in land use land cover over this period.

e To estimate and compare the mean annual and seasonal stream flow and sediment
yield for 1994, 2008 and 2021 LULC

e To assess Spatio-temporal variation of sediment yield and identify erosion hotspot
areas using current LULC.

e To assess and propose sediment yield mitigation measures.
1.4 Research Questions

In order to fulfil the aforementioned objectives, the following research enquiries have been
designed:
e What are the trends of LULC in the Robigumero watershed over the past 28 years?
e How much change was there in annual and seasonal stream flow and sediment yield
due to the changed LULC?
e Which subbasins has erosion severe in the study area watersheds?

e Which erosion reduction measure is the best management practice for this watershed?
1.5 Significance of the study

This study will make people aware of how the Robigumero watershed's land use and land
cover have changed in response to stream flow and sediment yield. Understanding how land
use and land cover changes affect stream flow and sediment yield in the watershed will help
watershed managers, agricultural producers, and policymakers fill skill and knowledge gaps
in the designers of water supply schemes, irrigation projects and soil water conservation
measures. Generally, this study provide valuable information necessary for planning and

designing sustainable water management approaches that reduce the impact of droughts,



erosion, sedimentation, and flooding in the Robigumero watershed. Furthermore, as a
tributary of Jemma River, this river contributes sediment to the Abay River, so understanding
the characteristics of this watershed is important in proposing sediment reduction measures

to reduce sediment contribution to the Abay River.
1.6 Scope of the study

This research mainly focuses on assessing the impact of land use and land cover changes on
stream flow and sediment yield, identifies sediment yield hotspot area and sediment and
spatial and temporal variation in the Robigumero watershed. To fulfill these objective hydro-
meteorological, soil, DEM and LULC landsat image data were collected and prepared,

according to model requirement in order to simulation hydrological variables.



2. LITERATURE REVIEW

2.1 Land use land cover change

Land is the most significant common resource, including soil, water, and the associated flora
and fauna, so involving the entire ecosystem. Land is necessary for human existence, and its
use entails managing the environment to create environments for transportation, agriculture,
residential, and commercial uses, among others (Ajibola et al. 2021). Land cover change
describes alterations to the physical and biological features of the land surface, including
changes in vegetation, soil conditions, and other continuous landscape characteristics.(Patel
etal. 2019).

Land cover change is an agradual alteration of the physical characteristics of the Earth's
surface. The extent, severity, and rate of LULCC are much greater now than they were in
the past, despite the fact that humans have been altering the land for thousands of years in
order to gain a living and other necessities. Land use and land cover change are significant
factors in the study and analysis of the current global change scenario because the data on
these changes is crucial for informing future decisions about ecological management and
environmental planning (Hassan et al. 2016). A number of natural and human factors in
relation to social, economic, and political contexts affect changes in land use and cover
(Meyer and Turner 1995). Natural effects such as climate change are only over a long period
of time, high intensity of rainfall and steep relief, whereas the effects of human activities are
immediate and often direct. Among the human factors driving land use and land cover
changes in Ethiopia, population growth is identified as the most significant, reflecting a

common pattern observed in developing countries more broadly (Tekle and Hedlund 2000)

In Ethiopia, unplanned human activities are the primary drivers of forest degradation and
land cover changes. These include illegal logging, over-exploitation of forest resources for
fuelwood and charcoal production, as well as the expansion of agricultural lands (Getahun
et al 2015). Therefore, by examining the rates and types of changes and assessing additional
applicable sources of data, including demographic profiles, household characteristics, and
regulations connected to land resource administration; it is possible to identify the local
human activities acting as the drivers (Tuler et al. 2018). The most important factor
influencing hydrological changes, including runoff volume, timing, variability, and soil is

land use land cover change (Maingi and Marsh 2001)



2.1.1 Land use land cover change in Ethiopia

One of the most significant global changes caused by humans is the change in land use and
land cover. For a clear understanding of how land was used in the past, what types of changes
have happened, and what changes are anticipated in the future, information on LULC change
and the forces and processes driving such changes is crucial (Mezgebu and Workineh 2017).
According to Motuma Shiferaw Regasa,( 2021) review of 21 very recent articles on LULC
change in Ethiopia, the predominant methods to classify lands are unsupervised and
maximum likelihood supervised classification, generally classification was performed via
GIS and ERDAS Imagine software. Most research used key informant interviews, focal
group talks, and ground truth data to verify the information obtained from satellite images.
Although there is a great deal of variation within the types examined, the most prevalent
ones include agricultural land, forest, grazing land, water bodies, marsh regions, scrubland,

barren land, etc.

Comparing the several articles reveals that in most of the studied basins, the area occupied
by agricultural land, water bodies, commercial farms, built-up settlements, and bare rock
outcrops increased dramatically over the past two decades, while the area covered by forest,
grazing land, and shrub land decreased. The primary cause of these changes is the growing
human pressure on Ethiopia's, which is a result of the desire to improve the socioeconomic
standing of the local populace. Monitoring of LULC change can be carried out using a
variety of approaches and tools, as was mentioned while reviewing the individual papers,
ultimately producing results that are different or extremely site-specific. Therefore, in order
to achieve consistent results globally, there is a need to decide on a uniform methodology
for the future.

2.1.2 Effects of land use land cover change on hydrology

Land cover change, is one of the most pressing environmental issues confronting humanity
on a global scale. It significantly affected hydrological response (Su et al. 2015; Wagner et
al. 2016). Sustainable land use planning has a close related with water bodies as changes in
land use pattern has an effect on water resources through the relevant process of the

hydrological cycle (Berihun et al. 2019).

LULC changes have a great impact on hydrological processes such as surface runoff,

groundwater recharge, infiltration, interception, and evapotranspiration (ET) (Owuor et al.



2016; Woldesenbet et al. 2017; Gashaw et al. 2018). Changes in the amount of surface runoff
and groundwater flow have an effect on the watershed's hydrological processes, which in
turn affect stream flow (Geremew 2013; Engida et al. 2021) . The primary causes of the
global LULC changes are ascribed to urbanization and deforestation, which raise the amount
of impervious surface and reduce water infiltration into the soil (Remondet al. 2016).
Previous several investigations have shown the impacts of LULC change on runoff, ET, or
both of these variables (essential elements in the water balance equation) at a range of spatial
and temporal scales (Dong et al. 2015; Worku, Khare, and Tripathi 2017; Zhang et al. 2014).
The expansion of agricultural land at the expense of vegetation cover has been widely shown
to increase runoff potential and decrease evapotranspiration within a watershed. In contrast
to the impact on runoff, converting forest cover to other LULC types significantly reduces
ET.

Mango et al.(2011) studied in the Upper Mara river basin of Kenya and found that forest
converted to grassland due to this surface runoff increased by 20% while evapotranspiration
(ET) decreased by 2%. Forest land increases the rate of infiltration and transpiration also
increase, as the result in an increase base flow and ET. Land use change effects on hydrological
components process on the Olifants Basin in South Africa were presented by (Gyamfi et al.
2016). The study found that from 2000 to 2013, there was a substantial 31.6% decline in
grassland area, accompanied by increases in agricultural lands (20.1%), urban areas (10.5%),
and forests (0.7%). This resulted in a 46.97% rise in surface runoff generation. According to
(Desta, Goitom, and Aregay 2019), in the Aynalem catchment, north of Ethiopia, planted
forest land decreased from 3.65% in 1995 to 2.87% in 2015, while surface runoff increased
from 11.4% to 32.5%. (Woldesenbet et al. 2017) in Ethiopia's Upper Blue Nile Basin
reported that increased cultivation land and decline in woody shrub land increased wet-
season stream flow by increasing surface run-off, while decreasing dry-season stream flow

by lowering the groundwater component.

2.1.3 Effect of land use land cover change on sediment Yield

Changes in land use land cover are a key factor that greatly affects a variety of environmental
aspects. The amount and pattern of runoff altern, peak flow, and management system
deficiencies, LULC alterations may result in high rates of soil erosion and sediment transport
(Leta 2015). Using the SWAT model, (Gebrie and Gebremariam 2015) examined the impact

of the Gilgel Abay watershed's LULCC on sediment over a 25-year time frame. Sediment
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yield increased every year as a result of conversion of shrub zones and grasslands to arable
land. Sediment levels typically rise every year as a result of the creation of silt, which has a
significant correlation with agricultural areas. The study by Chimdessa et al. (2019) focused
on the Didessa River Basin in the Southwestern part of the Blue Nile region.. The results
indicate that changes in LULC led to increases in watershed soil loss of 9.6, 11, and 20.9
tons per hectare per year in the river basin the overall 1986-2015 period, respectively. The
continued LULC change and projected climate changes lead to this soil loss in the Didessa
River significant increased, which would be detrimental to projects both inside and outside
of the river basin, such as the new Grand Ethiopian Renaissance Dam, as well as community
life.

In general, population growth, deforestation, and rising farmland demand have an impact on
natural resources; mitigating these effects requires careful analysis and creative solution-
making. The impact of this issue the effectiveness of decision-support systems for evaluating
the hydrology and soil erosion processes for planning and implementing soil and water

conservation measures (Sarangi et al. 2004).
2.2 Application of Remote Sensing for LULC Change Detection

Land-sat image data from remotely sensed systems is used to better understand the changing
earth's surface (Chuvieco and Huete 2009). These days, it is an essential tool for determining,
charting, and evaluating spatiotemporal changes over large areas. Recently, RS integration
with GIS has been used by several researchers to create maps of land cover and extract data
about the land surface. These are crucial inputs for hydrological models and help produce
that are realistic. Basha et al. (2018) generated LULC maps of the Somavathi River,
Anantapur District, Andhra Pradesh, India over a five year time trend using remotely sensed
imagery. Based on historical land cover change trends, the results indicate that the use of

remotely sensed data is highly significant.

Furthermore, Use RS data in Ethiopia for the preparation of land use land cover maps as well
as for change detection analysis is now a common practice; this practice has been validated
in several studies. Ayele et al. (2018) used multi-temporal, remotely sensed images to
analyze the time-series-changing trend of north Ethiopia. The image data were constructive
for analyzing the rate of land cover change, trend and magnitude of spatial and temporal land

cover change for two decades, starting from 1995 up to 2004. In order to measure the degree



of environmental change brought about by development, farming, and deforestation, the data

were important.

2.3 ERDAS Imagine Software

The Earth Resources Data Analysis System (ERDAS) software is digital image processing
(IP) software developed and distributed globally by ERDAS Inc. of Atlanta, Georgia, U.S.A.
The first ERDAS system was developed in early 1979 by a team of interdisciplinary experts
at the University of Georgia. The software is used to process, analyses, and integrate spatial
data and geographic information to prepare a land cover map of the land surface (ERDAS
Inc. 2005.).

Many researchers have used ERDAS imagine software for the land cover classification and
final map preparation purposes. For instance, study was done by (Kaul & Sopan, 2014) for
monitoring the land cover change of Jalgaon district India, and also (Mukesh B Patil and
Wagh 2023) used the software in Jalgaon district, Maharashtra. The use of high-resolution
temporal landsat data and scientifically validated to create final maps in the ERDAS Imagine
software makes the article noteworthy. The results of various studies indicate that ERDAS

Imagine is a useful tool for creating land cover maps with exceptional overall quality.

In Ethiopia also ERDAS imagine software applied widely to prepare a land cover map of an
area. Gashaw et al. (2017) and Kuma et al. (2022) use the ERDAS software to prepare the
LULC map of the Andassa upper Blue Nile watershed and in southern Ethiopia, respectively.
LULCC was assessed and mapped by interpreting Landsat satellite images and applying a
supervised classification approach, the results were reasonable for further analysis. The
study by Worku et al. (2017) in Ethiopia utilized ERDAS Imagine software and supervised
classification techniques to develop a land cover map from a Landsat image of the Beressa
watershed in the upper Blue Nile basin, resulting in the best classification outcomes.
Therefore, the witnesses and software effectiveness in the preparation of the land cover map

for ERDAS were chosen for this study based on the article.

In general different researchers was used ERDAS Image software to land sat image

classification of land use land cover.
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2.4 Land Use Classification Criteria

According to Anderson (1971), an effective land use and land cover classification system
for remote sensing must: have at least 85% accurate data interpretation; maintain consistent
accuracy across categories; produce repeatable results between interpreters and over time;
have broad applicability covering vegetation and other land covers; suit data from different
seasons; integrate subcategories; allow category aggregation; enable comparisons with

future land use data; and recognize land's multiple uses.

2.5 Image Analysis and Classification

Image classification is the process of extracting distinct land cover and land use categories
from raw satellite imagery data (Weng 2012). Image classification using remote sensing
techniques has attracted the attention of research community, and results are the backbon of
environmental, social and economic applications (Lu and Weng 2007). Image classification
is generated using remotely sensed data, but there are many factors that cause difficulty
achieving a more accurate result (Al-doski et al. 2013). Some of the factors are includes
characteristics of a study area, availability of high resolution remotely sensed data, ancillary
and ground reference data, suitable classification algorithms and the analyst’s experience,

and time constraint.

The land use land cover changes can be assessed using pixel-based classification techniques,
such as supervised or unsupervised classification approaches (Phiri and Morgenroth 2017).
While unsupervised classification can be conducted without training samples, the supervised
classification approach is more suitable for reliable land cover mapping but necessitates
acquiring an adequate number of representative training samples (Costa et al., 2018).

In contrast to the unsupervised approach, many researchers have leveraged supervised
classification methods, specifically applying Maximum Likelihood Classification Algorithm
(MLCA), to generate more reliable and enhanced land cover maps (Kaul and Sopan 2012).
A (MLCA) is a widely adopted parametric classifier that has proven effective for supervised
classification (Otukei and Blaschke 2010). The Maximum Likelihood Classification
algorithm leverages Bayes' theorem of decision-making, which relies on the assumption that
the class samples in the multidimensional feature space exhibit a normal distribution. Under
the assumption of normally distributed class samples, the statistical properties of a class,

such as the mean vector and covariance matrix, can be used to fully characterize(Srivastava
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et al. 2012). For this study, the supervised classification approach using the Maximum
Likelihood Classification Algorithm (MLCA) was chosen due to its simplicity, widespread

applicability, and proven effectiveness in previous land cover clasification.

2.5.1 Classification accuracy assessment

Prior to implementing a classification accuracy assessment, the sources of errors should be
identified. Errors from the classification itself and other sources of errors, such as position
errors resulting from the registration, interpretation errors, and poor quality of training or
test samples, all affect classification accuracy. Assessing classification accuracy is crucial,
especially when the reference data does not originate from field surveys. Examining the
classification errors provides a more reliable understanding of the accuracy of the image
classification, even when the reference data may not be of the highest quality.(Lawrence et
al. 2004).

Classification Accuracy Assessment Measures: The accuracy of any image classification
may be tested in four different ways (Umrikar et al. 2012).

1. Field checks at selected points, this is usually a non-rigorous statistical technique and it is
subjective, it may not be applicable to all classification cases. The reference data points used
to assess classification accuracy can be selected either randomly or in a grid-based pattern.
2. Map overlays —This method is used to estimate the agreement of themes or classes that
are identified between a class map and reference maps. The classified image and ground
truth reference data are overlaid to assess the correspondence between the two.

3. Confusion matrix calculations- The confusion matrix is a simple cross-tabulation of the
mapped class label against the observed data on the ground or reference data for a sample
set. Multiple accuracy measures can be derived from the confusion matrix, which serves as
a comparative assessment between the classified map and the reference data. A confusion
matrix can used to produce the accuracy assesment and indices listed below:

A. Overall accuracy is defined as the ratio of correctly categorized pixels to the total number
of pixels..

B. Producer accuracy: Omission error is another term used to mean producer accuracy. It
occurs whenever pixels that should have been identified as belonging to a particular class
are simply not recognized as present. The accuracy of the producer is calculated by dividing

the total number of pixels in each class in the reference data divided by the image (total
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column) by the number of pixels in each class that were incorrectly classified in the reference
data (total column).

C. User accuracy: User accuracy is also referred to as a commission error. A commission
error happens when a single class is wrongly divided into two or more classes or when pixels
connected to the classified class are mistakenly identified as other classes. To compute the
commission error for each class, the total number of pixels classified into that class is divided
by the number of pixels that were incorrectly assigned to that class compared to the reference
data.

D. Kappa co-efficient of agreement: is a chance adjusted measure that was developed and
has often been used and adopted as a standard measure of classification accuracy.

For this study to assese the accuracy of classified image confusion matrix cross tabulation

methods was used.
2.6 Model Selection

The choice of a certain model is crucial, to obtaining satisfactory solutions for the problem.
Today, there are various hydrological models available, each hydrological model processes
at different spatial and temporal scales. While there are no precise standards for selecting
models, some basic principles can be mentioned (Cunderlik,2003).

These criteria are always dependent, since every project has its own specific requirements
and needs. Moreover, some criteria are also user-dependent, such as an individual's graphical
user interface preference, the operating system of a computer, the structure and management
of input-output, or the extensibility of add-ons. When executing a project, there are four
standard and essential criteria that must consistently be addressed:

1. Can the model accurately anticipate the project-specific variables? (Model estimates are
necessary for required model outputs that are crucial to the project).

2. The availability of the input data (can all the data needed by the model be delivered within
the project's budget and time constraints)?

3. Does the model have the ability to simulate discrete or continuous processes?

4. Does it appear that the investment will be beneficial to the project's goals?

In selecting the model for this land use and land cover change study in the watershed, key
criteria included the ability to simulate streamflow and sediment, continuity and spatial
distribution, applicability to catchments of varying sizes, representation of the river network,

output at multiple timescales, and accessibility with available documentation. The chosen
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model had to meet these requirements to effectively assess the impacts on streamflow and
sediment yield..

2.7 Hydrological Modeling

Hydrological models are tools that combine our understanding of hydrologic systems with
simulations of hydrologic processes that occur in the real world. These models consist of a
number of mathematical descriptions of specific aspects of the hydrologic cycle, based on a
series of interrelated equations that attempt to convert the physical laws that underlie exceed
complicated natural events (Devia, Ganasri, and Dwarakish 2015; NHP 2018). Model is a
tools that used to solve a complex system in a simplified way. There is a wide variety of
models in the world that represent the complex hydrological dynamics of the earth system.
Various hydrologic models classified into deferent categories such as: Lumped hydrologic
models, Semi-distributed hydrological models and Distributed hydrological models (NHP
2018).

Lumped hydrologic models: - Lumped models are generally not suitable for modeling
event-scale processes. These models can provide just as good simulations as complex
physically based models if the main focus is on discharge prediction only. Lumped
hydrological models consider the entire catchment as a single, homogeneous unit,
disregarding the spatial variation of catchment parameters (Moradkhani and Sorooshian
2008). Lumped models treat the entire basin as a homogeneous system, ignoring the spatial
distribution of processes.

Semi-distributed hydrologic models: - These types of models calculate flow contribution
from separate sub-basins, considering that the sub-basins are homogenous.
Semi-distributed hydrological models allow some spatial variation of parameters by dividing
the basin into smaller sub-catchments. Semi-distributed hydrological models can be broadly
categorized into two main types: kinematic wave theory models (e.g. HEC-HMS) and
probability-distributed models (e.g. TOPMODEL). Examples of semi-distributed hydrologic
models are HBV, TOPMODEL and Soil and Water Assessment Tool (SWAT) (Arnold,
2012)

Distributed hydrologic models:- In distributed models, the whole basin is divided into
elementary units i.e. areas are divided as a grid net where water flows from one grid point to

another, water drains through the basin (Rinsema, Franks, and Mekonnen 2014). Examples
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of distributed hydrologic models are MIKE-SHE and the Institute of Hydrology Distributed
Model (IHDM).

2.7.1 SWAT model

The Soil and Water Assessment Tool (SWAT) was generated by Dr. Jeff Arnold, who works
for the Agricultural Research Service (ARS) of the United States Department of Agriculture
(USDA). The SWAT model simulates water, sediment, and agricultural chemical dynamics
at the watershed scale using continuous, daily, monthly, and annual time steps to evaluate
the effects of management practices. The SWAT model has gained a positive reputation for
its effectiveness in agricultural watersheds, and has been successfully calibrated and
validated in various locations across the USA and other continents(Tripathi et al. 2003;
Ndomba et al. 2008).

The SWAT model has been widely utilized by researchers around the world, including
within the country, for various applications. (Tripathi et al. 2003), used SWAT model on
Nagwan watershed in India, with the objective of identifying and prioritizing critical sub-
watersheds to develop an effective management plan, and also model used for identify both
surface runoff and sediment yield distribution. Accordingly, the study concluded that the
SWAT model can be used in ungauged watersheds to simulate the hydrological and
sedimentary processes. Duru et al.(2018) employed the SWAT model to estimate streamflow
and sediment yield in the Ankara basin, Turkey.The researchers calibrated and validated the
SWAT model using monthly data for both sediment and streamflow. Based on the calibrated
and validated results, the model's estimates of runoff and sediment yield were found to be

satisfactory.

The SWAT model was calibrated and validated in some parts of Ethiopia, frequently in the
Blue Nile Basin. (Abebe et al. 2022) used SWAT Model for Application of Hydrological
and Sediment modeling with Limited data in the Upper Blue Nile Basin, Ethiopia to estimate
sediment yield and identify erosion hotspot areas of the Andasa watershed. The result shows
that SWAT predicted stream flow with a coefficient of determination R? of 0.88 and 0.81
and sediment yield with R? of 0.79 and 0.71 during calibration and validation period. This
study reported that the model can estimate reliable sediment yield from complex data limited
watershed. And also (Yesuf et al. 2015) used SWAT model in Fincha watershed, Blue Nile
basin to predict the effects of land use land cover and management practices on runoff and
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sediment yields. The model gave a satisfactory estimation of runoff and sediment yield as
depicted from the calibrated results. Furthermore, (Asres and Awulachew 2010) , the SWAT
model used in Gumaro watershed, to simulate stream flow and sediment yield, the result
showed a good correlation between measured and simulated flow and sediment yield both

in calibration and validation periods.

Table 2.1 Summary of hydrological models (Brevante 2017)

Description HBV MIKE_SHE TOPMODEL  SWAT
Model type  Semi distribution distribution Semi Semi
Conceptual model  Physical based  distribution distribution
model conceptual physical based
model
Model Simulate simulate Simulate the Predict the
function Groundwater surface and rainfall-runoff  impact of land
recharge runoff groundwater process of management
and flood movement and  watershed practice on
forecasting their interaction water and
sediment
Temporal Daily /monthly Day Day Day/ semi- day
scale
Spatial scale Flexible Medium Flexible Medium
Process Continuous and Continuous and Event Continuous
modeled event event
Cost Public domain Commercial Public domain  Public domain

Based on the above criteria, SWAT model was selected for detail analysis and investigation
of land use land cover change effects on stream flow and sediment yield of Robigumero

watershed.

2.8 Erosion-Runoff and Sediment Yield Relation

Erosion is the gradual loss soil from the land over time. Sediment yield is the result of a
process involving the detachment, transport, and deposition of soil particles, driven by the
erosive forces of surface water flow and raindrop impact. The processes of soil loss and

transport from the basin are complex. An intensive program of direct field measurements
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would be needed to provide information for a complete understanding of the links between
sediment mobilization on the catchment surface, delivery to the river network, sediment
storage, and sediment yield at the watershed outlet. The sediment yield represents only a part
of the total erosion within catchment reach or passing the point of interest with in a given
period time, because some portion is deposited before reaching the stream. Sedimentation is
a critical factor in determining the lifespan of a reservoir. The relationships between the three
factors of sedimentation, sediment yield, and soil erosion must be predicted in order to

estimate the lifespan of a reservoir (Dutta 2016).

Sediment yield is the amount of sediment exported from a watershed over time, typically
measured in units like tons per year. It also refers to the amount of eroded material that a
stream discharges at agiven place.. It represents the total amount of fluvial sediment exported
by the watershed tributary to a measurement point, and is the parameter of primary concern
in reservoir and water conveying structures studies. The sediment yield observed at the outlet
of a watershed is always less than, and often significantly less than, the overall erosion rate
within that same watershed. This is because much of the eroded sediment gets re-deposited
before it can leave the watershed boundaries (wang & hu, 2009).

2.9 Spatial and Temporal Variability in Sediment Yields

The watershed exhibited significant spatial and temporal variability in sediment yield, as the
characteristics of the terrain, land use, rainfall patterns, and soil types varied across the
different subbasins. A wide range of studies have been done on the impact of climate,
topography, land cover, lithology, and drainage characteristics across varying spatial and
temporal sediment yields (Amaru and Gebremariam 2020; Kothyari et al.2002). These
studies suggested that soil erosion increased due to increasing the magnitude of agricultural
activities, particularly in the world agricultural production and livestock grazing. Soil
formation rates are vital for evaluation of soil loss rate (the extent to which soil loss can be
tolerated) and the potential of soil regeneration once soil erosion can be reduced. A study of
soil formation rates in various Ethiopian agro-ecological zones revealed that the tolerable
soil loss less than 12 t hat.yr! (Husen and Abate 2020).

2.10 Sediment Management Practices

Land management techniques are frequently used to reduce sediment yields at the watershed
scale (Zantet et al. 2023). According to, investigation of (Hurni and Zeleke 2018) Soil
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erosion occurs mainly during the rainy season in the form of water erosion. Rills, gullies,
and brown rivers full of sediment show that a lot of soil particle is transported and lost from
agricultural production In agricultural land, the dominant forms of soil erosion are rill
erosion and sheet erosion. To reduce soil erosion from the watershed, the following best
management practices were used in Ethiopia: for instance, a vegetative contour strip,
soil/stone bund, contour farming, slope terracing, and zero-free grazing, mulching, grassed
waterways, filter strips, fanya juu, and reforestation (Hurni and Zeleke 2018). The following

management practices were selected for inclusion in this study.

i. Terrace
A terrace is an earthen or stone structure built along the contours of a sloped field. The main
purpose of terrace is to level the land and mitigate soil erosion. Terraces, through the careful
adjustment of slope steepness and slope length, serve as effective measures to consistently
reduce the peak runoff rate and the erosive power of runoff (Dakhlalla and Parajuli 2013).
The SWAT model allows for the simulation of terracing as a conservation practice by
adjusting parameters such as the SCS runoff curve number (TERR_CN), USLE practice
factors (TERR_P), and the terrace slope length (TERR_SL), based on land cover type,
hydrologic condition, and soil groups (Arnold et al. 2012). Waidler et al. (2011)
demonstrated that adjusting TERR-CN, average slope length, and crop practices can lead to
a reduction of up to 85% in suspended sediment yield from the watershed. Mwangi et al.
(2015) used the SWAT maodel to evaluate the impact of agricultural conservation practices
on ecosystem services in the Sasumua watershed, Kenya. Their research showed that the
implementation of parallel terracing resulted in a significant 85% reduction in sediment yield
for the subbasins most affected by sediment issues. (Berihun et al. 2019) assessed terracing
management practices in the Bilate watershed rift valley basin, Ethiopia, on an erosion-
critical subbasin. The reported results indicate that sediment yield was reduced by 80.85%

after application.
ii.  Filter strips

Filter strips are strips of dense vegetation placed along the channel's edge to reduce overland
flow velocity and sediment input into the channel but not affect surface runoff in the SWAT
model (Arnold, Kiniry, Srinivasan, Williams, Haney, et al. 2012). Incorporating filter strips
on subbasins prone to sediment production can help reduce sediment yield. However, the

effectiveness of these filter strips diminishes as their width increases beyond 30 meters, with
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additional widths beyond that point providing little further reduction in sediment
output.(Gharabaghi, Rudra, and Goel 2006). The SWAT model includes parameters for
managing sediment yield, such as a flag to indicate the presence of filter strips (VFSI), the
ratio of field area to filter strip area (VESRATIO), the portion of the hydrologic response
unit that drains to the most concentrated 10% of the filter strip area (VFS_CON), and the
fraction of flow within 10% of most concentrated filter strip is fully channelized (VFS_CH).
(Waidler et al. 2011). Nepal and Parajuli (2022) assessed vigitative filter strips management
practices, specifically adjusting parameters, such as VFSI, VESRATIO, and VFS_CON
within the SWAT model's operations management parameter in the Mississippi watershed.
These parameters were adjusted to 1, 40, and 0.5, respectively, within the operations
management parameter of the SWAT model, resulting in a 25% decrease in sediment yield.
Adationaly, the study of Betrie et al. (2011) on Blue Nile Basin using SWAT model reports,
applying filter strips has also reduced the average annual sediment yield at the outlet point
by 44%.

iii.  Contouring

Contouring is the practice of working with contour lines. Tillage or planting practices often
result in the formation of ridges, which can help trap excess rainfall.. The contours are
oriented at the right angle to the field slope at any point. Contouring is particularly effective
when rainfall amounts and intensities are low, when ridges are high, and Small ridges
resulting from field operations increase surface storage and roughness, reducing runoff and
sediment losses (Czapar et al. 2014). Contouring practice can simulated in SWAT model
operation managment by adjusting curve number (CONT_CN) and USLE practice factor
(CONT_P) (Arnold et al. 2012; Zantet et al. 2023).The study of Bitew & Kebede.(2023),
found that the application of contour farming in the Blue Nile Basin reduced sediment yield
by 43.6%.The study (Leta et al. 2023) successfully reduced average sediment yield by 39.5%
in the critical subbasin of the Nashe watershed through the application of contouring
sediment management practices in the Upper Blue Nile basin.
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3. MATERIAL AND METHODS

3.1 Descriptions of the Study Area
3.1.1 Location

The Robigumero watershed is located in Ethiopia's northern-western highlands, within the
Amhara and Oromia regional states. The geographic location of this watershed is 9° 23 '0.0"
N and 9° 48'0.0" N between 38° 54 '0.0" and 39° 23' 0.0" E within the Jemma subbasin upper
blue Nile basin and contains five districts: Siya Debirna Wayu and Ensaro, Wuchalena Jido,
Abichuna Gnea, Kembibit, and AngolaTera. The outlet of the catchment, situated at 2486
meters above mean sea level, lies 116 kilometers away from Addis Ababa and 16 kilometers
from Lemi town,encompassing a total catchment area of 917.54 km? where sediment yield

and runoff volume contribute to the watershed outlet.
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Figure 3.1 Map of the study area

20



3.1.2 Climate of the study area

The seasonal movement of the Intertropical Convergence Zone (ITCZ), accompanying
atmospheric circulation, and watershed's topography primarily regulate the climate condition
of Ethiopia. According to the NMSA, (2001) traditional climate classification, based on
temperature and altitude, there are five climatic zones in the country: Kola, dry tropical, is
located between 1500 and 1800m a.m.s.| Woina Dega (subtropical) is between 1800 and
2400m a.m. s.| Dega (temperate) is between 2440 and 3500m a.m. s.l and Wurch (alpine) is
above 3500m a.m.s.l. According to NMSA, (2001) climate classification, all parts of the
Robigumero watershed indicated a dominant dega, and based on the movement of the inter-
tropical convergence zone (ITCZ), amount and timing of the rainfall this watershed has three
seasons . The three seasons are Bega, which is the dry season (October to January), Belg
(February—May), which is the minor rainy season, and Kiremt (June to September), which
is the principal wet season.

i. Rainfall

The Robigumero watershed average annual rainfall is 1033.8 mm. This watershed has a
unimodal rainfall pattern with a rainy season extending from June through September, which
saw the heaviest precipitation, and in December to January, the lowest precipitation was

recorded. The long term mean monthly rainfall, showed on the Figure 3.2 below.

Stations long term mean monthly rainfall

m Debrebirehan
350.0 A
300.0 A Lemi
‘g 250.0 1 Mendida
= 200.0 A Deneba
~ 1500 -
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time (month)

Figure 3.2 Mean monthly rainfall
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ii.  Temprature

The study area mean monthly maximum and minimum temperature were 22.6°C and 6.0°C,
respectively, but the recorded temperature at each metrological stations was varied; highest
temperature recorded at Lemi is 24.2°C, and the minimum temperature 2.6°C recorded at
Debrebrehan station. The following figures 3.3 showed the maximum and minimum mean

monthly temperature of different station in the catchment.
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Figure 3.3 Mean monthly minimum and maximum temperature

iii. Other climate data

Relative humidity, solar radiation, and wind speed are essential parameters for the SWAT
model to estimate potential evapotranspiration of the watershed area using Penman-Monteith
method. In this watershed, mean monthly relative humidity, wind speed at 2m a.m.s.l, and
solar radiation were 66.47%, 2.24 m/s, and 17.13 MJ m day ~ respectively. Long term mean

monthly relative humidity, solar radiation and wind speed shown in the figure 3.4 below.
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Figure 3.4 Mean monthly solar radiation, wind speed and relative humidity of the study
area

3.1.3 Topography

The Robigumero catchment has varying topographic features, with elevations ranging from
2,486 to 3,058 meters. The study found that 6.9%, 56.86%, 28.5%, 7.3%, and 0.27% of the
catchment has flat terrain, gentle/undulating land, rolling plains, Hilly land, and mountainous
land, respectively and has steep river banks. This steep topography contributes to rapid
hydrological responses of rainfall events. Detail description of the study area topography

present in the table 3.1 and figure 3.5 below.

Table 3.1 Terrain types and classifed slope of the Robigumero watershed based on (Tadele

2017)
No Slope Land form/ terrain type  Area (Km?)  Area coverage in (%)
1 0-2% Flat land 63.56 6.93
2 2-8% Gently land/undulating 521.66 56.86
3 8-15% Rolling plain 262.0 28.55
4 15-30% Hilly land 67.66 7.37
5 >30% mountain land 2.52 0.27
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Figure 3.5 Topography of the study area

3.1.4 Soil types and land use land cover

The major soil types in this watershed are Eutric leptosols, Eutric vertisols, Eutric cambisols,
and calcic vertisols, which have 0.023, 82.45, 5.2, and 12.32% area coverage, respectively.
The dominate soil types of this watershed was Eutric vertisols, it cover almost all areas and
calicic vertisol next to Eutric vertisol was the dominant the study area soil. The land use land
covers in the study area includes cultivated land, forest, shrub land, grassland and water
body. Rain-fed Agriculture is the dominant economic activity in this watershed, production
system in the area is a subsistence type of crop and livestock production system. Generally
in this watershed agricultural land time to time expand due to high population pressure

3.2 Data Collection

Relevant information or data is required in order to achieve the research objective. For this
study, data were collected from different sources and databases. The following table 3.2

below clearly describe the source of input data.
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Table 3.2 Input data types and source

Data types Sources Data
Obtained
1  Spatial data
Digital elevation Advanced Space borne Thermal Emissionand 30*30
model (DEM) Reflection Radiometer (ASTER) resolution
https://www.earthdata.nasa.gov/news/new-
aster-gdem.
Land use land cover  USGS;http://earthexplorer.usgs.gov/ 30*30
Landsat image resolution
for 1994,
2008, 2021
Soil data MoWE Department of GIS 250m
(1:50,000)
2  Ground control Goggle earth pro
point
3 Meteorological data  National Meteorological Service Agency Daily,
(NMSA) of Ethiopia. 1992-2021
4 Hydrological data
Stream flow data Ministry of water and energy (MOWE) Daily,
1992-2009
Sediment Ministry of water and energy (MOWE) 1990-1996

concentration data

3.2.1 Ground control points data collection

In order to prepare the land use and land cover change classification and compare it to reality
on the ground, actual land cover data on the ground is required as a reference. For this study,
ground control points' data was collected from Google Earth, supplemented by general
knowledge about the study area, for the years 1994, 2008, and 2021, with a total of 165, 179,
and 175 points, respectively. The collected ground control point data was used for supervised
classification and accuracy assessment. The collected ground truth data for 2021 is presented

in figure 3.6 below.
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Figure 3.6 Reference ground control points of the study area for 2021
3.2.2 Spatial data collection and analysis

The necessary secondary data’s were collected and used for this study to achieve the research
objectives. Spatial data include DEM, soil, land use/land cover. Thus secondary data were

collected from different source, respectively listed in the above table 3.2.

3.2.2.1 Digital Elevation Model (DEM)

A Digital Elevation Model (DEM), was required, which describes the drainage pattern of the
catchment, subbasin parameters such as slope length, stream flow characteristics, and the
elevation of any point in a given area at a specific spatial resolution as a digital file. In this
study, to estimate and delineate catchment area, slope length, flow accumulation, elevation,
and stream network, a 30 m by 30 m resolution Advanced Space borne Thermal Emission
and Reflection Radiometer (ASTER) global digital elevation model was downloaded from
https://www.earthdata.nasa.gov/news/new-aster-gdem. The spheroid of WGS 84 was used
to project this data to Transverse Mercator (UTM), and it changed to raster format to meet

the model's requirements.
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3.2.2.2 Land use land cover data

One of the primary input data sets for the SWAT model is land use and land cover, which is
used to define the hydrological response units (HRUSs) of the watersheds, has an impact on
runoff, evapotranspiration, sediment yield , lateral flow , ground water recharge ,and surface
erosion (Gebremichael, Kebede, and Woyessa 2021; DeFries and Eshleman 2004). For this

study to analyze the impact of LULC change on stream flow and sediment yield, cloud-free

Landsat images were downloaded from the USGS http://earthexplorer.usgs.gov for 1994,
2008, and 2021 year in the form of zip files and then extracted into a tiff format, respectively.
The acquisition data based on fourteen years’ interval to easily visualize changes in Spatio-
temporal LULC detection. The acquisition date, sensor types, path/row, resolution of the
imageries are shown in table.3.3.

Table 3.3 Detail information of the downloaded landsat imageries

No Sensor Acquisition Resolution Source Path No band Cloud
types date (UsGs) ~ androw cover

1 TM 1994/02/28 30 Landsat5 168/53 7 0

2 ETM+ 2008/01/15 30 Landsat 7 168/53 9 0

3 OLLTIRS 2021/01/07 30 Landsat8 168/53 11 0

3.2.2.3 Landsat image pre-processing

The Earth Resource Data Analysis System (ERDAS) Imagine 2015 and Arc GIS 10.3
software packages were used to complete all preprocessing and post classification steps in
this research. The preprocessing steps include layer stacking of the separated band datasets,
false color composition, pan sharpening, and subsetting the images of the study area. Then,
all the acquired satellite images were corrected geometrically and radiometrically before
analysis to improve image quality, and all satellite datasets were projected to the Universal
Transverse Mercator (UTM) map projection system zone 37N and datum of World Geodetic

System 84 (WGS84) to ensure consistency between datasets during analysis.
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3.2.2.4 Image Classification

This study land use land cover image classification process was carried out based on deriving
areas of interest, which were done using Google Earth, and general knowledge of the study
area. The reference data was collected for land use land cover classification by a random
stratified method, since this method considers the diversity of the sample. Based on this
collected reference data, the Robigumero watershed's land use and land cover classifications

were classified into six types, as described below in table 3.4.

Table 3.4 Description of classified land use land cover categories’

LULC Types Description

Agricultural land | This category includes annual and perennial crop cultivation areas,
land ploughed or prepared for growing rain-fed or irrigated crops, as
well as scattered rural cottages that are closely associated with
agricultural fields.

Forest land Land covered with dense trees, which includes evergreen forest land
and plantation forests..

Shrubland Areas covered with shrubs, bushes, small trees, stumps mixed with
some grasses.

Grassland Areas covered with grass and which includes large weed.

Built up Areas cover with buildings, rural residential houses, infrastructure
roads, and bare land were classified as built-up areas.

Water body Areas covered by water and waterlogged and swampy, like ponds,

reservoirs, etc., were classified as water bodies.

3.2.2.5 Accuracy assessment

Accuracy assessment is one of the most important and the final steps in the classification
process, which aims to quantitatively assess how effectively the pixels were sampled into
the correct land cover classes. In this study, accuracy assessment was done by a confusion
matrix that included overall accuracy, user accuracy, producer’s accuracy, and Kappa
coefficient statistics (K) to assess the accuracy of the classified image. For the accuracy
assessment of the 1994, 2008, and 2021 LULC maps, 165, 179, and 175 ground truth points
were taken, respectively, and the quantity of ground truth points for each land cover type

was collected based on the area coverage.
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Overall accuracy is calculated by dividing the number of correct pixels (diagonal) by the
total number of pixels in the error matrix.

Producer accuracy: is calculated by dividing the total number of pixels in each class in the
reference data divided by the image (total column) by the number of pixels in each class that
were incorrectly classified in the reference data (total column).

User accuracy: The user accuracy is the ratio between the number of correctly classified
pixels (diagonal elements) and the total number of pixels assigned to the same class by the
classification procedure (row total).

Kappa coefficint: is a chance adjusted measure that was developed and has often been used
and adopted as a standard measure of classification accuracy. Kappa coefficient determined
by Equation 3.1 (Yesuph and Dagnew 2019).

NYToq Xii—Xioq (Xij*x i)
NZ-YT_, (Xii*Xji)

K= (3.1)

Where

K = Kappa statistics, N = total number of observations (pixels)
r = number of rows and columns in error matrix,

Xii = observation in row i and column |

Xji = observation in column j

3.2.2.6 Land use land cover change alnalysis

Change analysis is usually done to demonstrate the patterns of changes and to make useful
decisions after the classification of images (Rawat and Kumar 2015; Mosammam et al.
2017). For this study, equations 3.2 and 3.3 were used to compute the percent change of
individual LULC types, and rate of change between the study periods. Gashaw, Bantider,
and Mahari (2014); Gashaw et al. (2017) were also used to compute the magnitude of the

changes experienced between the periods.

Percent of change = (% * 100) (3.2)
Rate of change = (%) (3.3)
Where,

X is area of LULC (ha) in time 1,
Y is area of LULC (ha) in time 2,
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Z is Time interval between X and Y in year

The general work flow of land use land cover map preparation and analysis clearly described

on the flow chart figure 3.7.
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Figure 3.7 General procedures of land cover change analysis
3.2.2.7 Soil data

To obtain the catchment soil physical and chemical properties, SWAT model HRUs input
need a soil data of the study area. To prepare the soil map of the study area, soil data was
collected from Ministry of water and energy (MOWE) department of GIS. The study area
soil map was extracted from the collected soil data using Arc GIS 10.3 software. Finally, the
study area soil code connected the SWAT database user soil using MWSWAT and soil
lockup table was prepared according to SWAT user soil database requirements. The soil of
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the study area and area coverage are shown in table 3.5 and figure 3.8 below, respectively

and each subbasin soil types describe in appendix table A7.
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Figure 3.8 Soil map of the study area

Table 3.5 Summary of study area soil types

No Major soil type SWAT SNAM  Texture Area Area (%)

(km?
1 Calcic Vertisols CALCICFLV  clay 113.2 12.3
2 Eutric Cambisols EUTRICCAM Clay loam 47.9 53
3 Eutric Leptosols EUTRICLEPT clay loam 0.21 0.023
4 Eutric Vertisols EUTRICFLV clay 756.2 82.4

3.2.3 Analyzing hydrological data and ensuring quality
3.2.3.1 Stream flow data

In order to identify the stream flow sensitivity parameter, calibrating and validating the
measured stream flow data is required. This stream flow data was obtained from the Ministry
of Water and Energy (MOWE) department of Hydrology and Water Quality in the form of
daily data from the period 1992-2009, or 18 years, this data has a little missing value.
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3.2.3.2 Filling stream flow data

Stream flow data was collected from MOWE of Ethiopia; the collected data from the station
Robigumero River has little missing data, and the missing data was filled using the multiple
imputation method in statistical software XLSTAT. Then the data to use as SWAT-CUP
input for calibration and validation stream flow homoginety and stream flow outlier teste

was carried out.

3.2.3.3 Stream flow outlier test

Grubbs' outlier test is a statistical method used to detect outliers in a univariate dataset. It is
commonly applied in various fields, including hydrology, to identify extreme values in
stream flow data (Mallick et al. 2021). (Shitu and Berhanu 2023) was used to test the outlier
of stream flow in the Borkena River. In this study, a statistical check about the outlier value
determination of stream flow data was conducted using the Grubbs outlier data test in the
statistical software XLSTAT. The data in the time interval were tested, and the presence of
an outlier in the data set was determined when the p-value of the test was greater than the
significant level of 0.05. In addition to this, the Z-score was also used to idictate the outlier
data by displaying the Z-score value in bold, whether it is the maximum or minimum. The
outiler test result indicated that there was no outiler data, and after this, the data was used

for calibration and validation.

Z-scores
25
5 Grubbs test for
/\ outliers / Two-tailed
LS 1 test:
1 - G (Observed value) 1.9392

0.5 - G (Critical value) 2.5483

p-value (Two-tailed) 0.5886

AR
05 / \/ \/\/ VAR 0.05

Z-score

99% confidence interval on the p-
159 value:[0.5873,0.5899]

-2.5

Observations

Figure 3.9 Stream flow outiler test
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3.2.3.4 Stream flow homogeneity test

The homogeneity test ensures that the data come from the same population. Rainbow offers
a test of homogeneity, which is based on the cumulative deviations from the mean. Rainbow
is a software program intended to analyses and assess homogeneity of agro-meteorological
and hydrological records through frequency analysis. It provides an assessment of stream

flow homogeneity using the cumulative deviations equation from the mean as a basis: -
Sk = i (Xi = X) (3.4)

Where xi, are the records from the series x1, Xz.... xn and X, is the mean of the records. The
cumulative deviations are adjusted in order to determine the homogeneity of the dataset. A
rejection of the data set's homogeneity is indicated with a probability of 90, 95, and 99%

when the deviation crosses one of the horizontal lines.

In this study, stream flow homogeneity was tested using Rainbow software. To carry out this
test, the annual stream flow data was prepared according to the input requirements and then
uploaded into the software. According to the test result presented in figure 3.10 below, the
adjusted cumulative deviations from the mean would not cross the horizontal 90%, 95%, and
99% probability lines. Since the range of cumulative deviation for this study could not be
rejected at the 90%, 95%, or 99% probability levels, it is clear that the annual data series is

homogeneous and that the observations appear to come from the same population.
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Figure 3.10 Stream flow homogeneity test
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3.2.3.5 Sediment data

Measured suspended sediment load data is required to identify the watershed sediment yield
sensitivity parameters and assess the model performance. This sediment load data directly
can not obtained; the data was collected as sediment concentration from the Ministry of
Water and Energy Eco-hydrology department. From this organization, seven years sediment
concentration data was obtained from Robigumero Station. This data was recorded within
different years, at the dry season and summer season, because during these two season from

the same volume of water has measure different amounts of sediment concentration.

3.2.3.6 Sediment rating curve preparation

Sediment concentration data was collected, but the collected data has no continuity or is too
little for calibration and validation at the outlet point. To create a continuous-time sediment
load data, a sediment rating curve was developed. Sediment rating cure was developed from
the available sediment load data and discharge during measuring sediment concentration.
Sediment load was estimated from sediment concentration using the following (subremanya,

19984) equation:
Qs =0.0864*C*Q (3.5)

Where, Qs is Suspended sediment load in ton/ha, C is sediment concentration mg/I

Q is stream flow m3/s.

The developed sediment yield rating curve equation was the following:-

Sy = 10.092Q12442 (3.6)

Where, Q is stream flow cms, Sy =sediment yield tons
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Figure 3.11 Sediment rating curve (Logarithmic plot)
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After developing sediment rating curve using the available recorded stream discharge data
18 years of continuous sediment load data were generated for calibration and validation.

3.2.4 Analyzing meteorological data and ensuring quality

Metrological data is one of the primary inputs required for the SWAT model to simulate
stream flow and watershed sediment yield. This data includes precipitation, maximum and
minimum temperature,relative humidity, solar radiation, and wind speed. Thus, the available
recorded data from the 1991-2021 period of time in and near the watershed stations was
collected from National Meteorological Service Agency (NMSA) of Ethiopia. The selected
meteorological stations in and near the study area, along with their respective parameters

and the percentage of missing data, were clearly described in table 3.6 below.

Table 3.6 Location of meteorological station with parameter

No Station Long Lat RF Tmax/min WS RH SSH % missing

1  Mendida 3931 9.65 v X X X 5.8
2 Deneba 3920 9.76 < X X X X 4.4
3  D/brehan 39.5  9.63 \ v N oA 1.9
4  Sheno 393 933 \ X X X 7.9
5 Lemi 389 981 \ X X X 4.9

Notice: Long = Longitude Lat = latitude, RF = Rainfall; Tmax/min = maximum and
minimum Temperature, WS = wind speed; RH= relative humidity; SSH = Sunshine hour,

X is represent not available , \ is represent available

Meteorological data analysis and screening involve the examination, processing, and quality
control of meteorological data to extract meaningful information and ensure its reliability

and accuracy.

3.2.4.1 Filling rainfall missing data

Hydro-meteorological data is the pre-requisite for successful water resource planning and
management. Significant data sets are usually missing due to interruptions of measurements
caused by natural and/or human-induced factors. According to Elshorbagy et al. (2000) cited

by Merga (2020) for hydrological analyses, missing data is a prominent problem. The normal
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ratio method of rainfall missing data estimation is used if any of the surrounding gauges have
normal annual precipitation exceeding 10% of the considered gauge (subremanya, 19984).
For this study, the normal ratio method was used to fill in the missing values of rainfall data

for stations, as described in Equation 3.7.

Normal ratio methods

Nx (P1

_Nx(P1 P2 Pm
Py =2 (N1 e ....+NM) (3.7)

Where: - Px = the missing precipitation for station x
Pi = the precipitation for the same period for the ith station of a group of index station
Nx = the normal annual precipitation value for the x station

Ni = the normal annual precipitation value for the ith station

3.2.4.2 Checking the consistency of rainfall data

Numerous factors could affect the consistency of the rainfall record at a given station. Time-
series observational data is relatively consistent and homogeneous if the periodic data are
proportional to an appropriate simultaneous period. The proportionality tested by a double
mass curve analysis in which accumulated rainfall data are plotted against the mean value of
all neighborhood stations (Terakawa 2003). If a significant change in the regime of the curve
is observed, it should be corrected by using equation 3.8 below, which shows that if any
inconsistency occurs in the data, it can be corrected using the correction slope of the line
(subremanya, 19984). For this study, the double mass curve (DMC) was used to check the
consistency of rainfall and adjust inconsistent data. Double mass curve technique use the

following formula.

M
Py :PX*M_ (3'8)

Where,
P.,. = corrected precipitation at any time t at station X, Py = original recorded precipitation
at time period t at station X, Mc=Corrected slope of double mass curve

Ma=original slope of the double mass curve
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Figure 3.12 Double mass curve the selected five stations

The time series data indicates on the above double mass curve graph an absence of change
in proportionality (i.e. absence of change in the slope of the line) with the period, so the time

series the selected stations rain fall data were consistent.

3.2.4.3 Checking homogeneity rainfall

Homogeneity analysis is used to identify the change in statistical properties of the time series
data. This change in statistical properties occurred as a result of either natural or man-made
causes, which include alterations to land use and the relocation of the observation station. In
order to select the representative meteorological station for the analysis of areal rainfall
estimation, checking the homogeneity of group stations is essential, and the homogeneity of
the selected gauging stations monthly rainfall records is carried out using a non-dimensional
test (Bickici Arikan and Kahya 2019).

For this research, reliable collected data was required, so to know the reliability of the
collected rainfall data, check the homogeneity of each station's data, and detect errors in the

data, a non-dimensional parametrization equation was used.
Pi =%+x100 (3.9)

Pi - is non- dimensional value of precipitation for the month in the station i
Pi - is over year’s average monthly precipitation for the station i

P -is over year average yearly precipitation for station i
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Figure 3.13 Non - dimensional homoginity test of rainfall

3.2.4.4 Areal rainfall Estimation

In this study, the Thiessen polygon technique was used to estimate the average areal rainfall
of the watershed area. To prepare Thiessen polygon Arc GIS 10.3 software was used.
Thiessen polygons are formed around each station by drawing the perpendicular bisectors of
the lines joining adjacent stations. The equation for estimating the average areal rainfall
using the Thiessen polygon technique involves calculating the weighted average of the

rainfall recorded at each rain gauge. The equation can be expressed as follows:(Fiedler 2003)

Prvg = Zia{h ) (3.10)
Pavg IS the estimated average areal rainfall (mm),

Piis the rainfall recorded at the ith rain gauge (mm),

Ai is the area of influence (polygon area) associated with the i-th rain gauge (ha),

Ar is total area of the watershed (ha)
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Figure 3.15 Meterological station area coverage

3.2.5 Weather generator data preparation

Weather-generated data is one of the primary inputs required for the SWAT model’s write
input table. Stochastics SWAT weather generator required weather data; these data included
precipitation, maximum and minimum temperature, relative humidity, solar radiation, and
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wind speed. In this study, weather generator parameters were calculated for Debrebrehane
metrological station, and the collected meteorological data was prepared daily vertically
according to the requirements of weather generator input. But the solar radiation was not
obtained directly from the National Meteorological Service Agency; the data was collected
as sunshine hour. According to the Ingle et al.(2020) study, sunshine hours are converted to
solar radiation using the angstrom equation. In this study, sunshine hour was converted to

solar radiation using the Angstrom (1994) empirical equation 3.11.
R, = (as + by * %) Ra (3.11)

Where R, is solar or shortwave radiation [MJm-2day]

n - Actual duration of sunshine [hour]

N - Maximum possible duration of sunshine or daylight hour [hour]

R, - Extraterrestrial radiation [MJm-2day]

as - Regression constant, which represents the fraction of extraterrestrial radiation that
reaches Earth on overcast days (n = 0) is 0.18

ag + bg - The fraction of extraterrestrial radiation that reaches Earth on clear days (n=N).
b, is Sunshine meter and also depends on region and data duration regression constant is
0.62

R, :@ * Gge * dy * (ws sing sino + cos@ cosc ws) (3.12)

Gg, is solar constant, 0.082MJm2 mm*
d, is Inverse relative distance between Earth and sun calculated as the following
J is the Julian day ranging 1 (1 January) and 365 or 366(31 December)

d; = 1+ 0.033 cos (= +]). (3.13)
ws is sunset hour angle calculated with,
wg =arccos [- tan (@) tan(6)] (3.14)

o is Celestial declination (radians) calculated?

21t]

o = 0.409 sin [E -

1.39) (3.15)

The maximum possible sunshine duration, N is calculated by

24*wg

N = (3.16)

N
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3.3 Description of SWAT Model

In this study SWAT model was applied to predict the impact of land use land cover change
on stream flow and sediment yield. A watershed's hydrology is simulated in two district
sections. The first phase of hydrological cycle is the land phase, which controls the amount
of sediment and water that enters each sub-watershed channel. The Land phase hydrological
cycle, the following hydrological processes were predict such as, surface runoff, ponds,
tributary channels, canopy storage, infiltration, redistribution, evapotranspiration, and lateral
subsurface flow. The second division is the routing phase of the hydrologic cycle, which can
be defined as the passage of water and sediments through the channel network of the
watershed to the outlet. SWAT simulates the hydrological cycle during the land phase using

the water balance equation (Neitsch et al. 2011).
SWt=SWo+Y (Rday — Qsurf — Ea— Wsep — Qgw) (3.17)

Where: SWt is final soil water content (mm water), SWo is initial soil water content on day
I (mm), tis time (days), Rday is the amount of precipitation on day | (mm water), Qsurf is
the amount of surface runoff on day i ( mm water), Wsep is the amount of water entering
zone from the soil profile on day ( mm water), Ea is amount of evapotranspiration on day i
(mm water) and Qgw is amount of return flow in day i ( mm water). Surface runoff occurs
whenever the rate of precipitation is higher than the rate of infiltration. The streamflow
output simulated by the SWAT model represents the combined contributions of surface

runoff and base flow.

3.3.1 Surface runoff

SWAT model uses the SCS curve number procedure (USDA-SCS, 1972) to estimate surface
runoff. Using daily or sub daily rainfall, SWAT simulates surface volume runoff volumes
and peak runoff rates for each HRU. The SCS curve number equation:

(Rday—0.25)?

Rday+0.8S (3'18)

Qsurf =

Where Qsuf is the total runoff or excess rainfall (mm), Rday is the daily rainfall depth (mm),

and S is the retention parameter (mm). The retention parameter is

100

S = 25.4(_, -10) (3.19)

41



Where CN is the daily curve number, and its value is determined by land use practice, soil
permeability, and soil hydrologic group.

3.3.2 Ground water flow
To simulate the groundwater, SWAT partitions groundwater into two aquifer systems: a
shallow, unconfined aquifer that contributes return flow to stream within the catchment and
a deep, confined aquifer which contributes back flow to streams outside the catchment.
Agsni = (Agshi-1 + Wrechrg = Qgw — Wrevap — Waeep — Wpumpsh) (3.20)
Where
Agshi IS the amount of water stored in the shallow aquifer on a day i (mm)
Agshit is the amount of water stored in the shallow aquifer on day i-1(mm)
Wiehrg IS the amount of recharge entering the aquifer on a day i (mm)

Qgw Is the groundwater flow, or base flow, or return flow, into the main channel on day

i (mm)
Wievap IS the amount of water entering the soil zone in response to water deficits on a specific
day i (mm)
Wiaeep is the volume of water that seeps from the shallow aquifer to the deep aquifer on the
same day i (mm), and

Wumpsh 1S amount of water removed from the shallow aquifer by pumping on a day i (mm)

3.3.3 Lateral flow

Lateral flow occurs in soil layers with high hydraulic conductivities and an impermeable or
semi-permeable layer at a shallow depth. The Rainfall will infiltrate vertically down to the
impermeable layer and develops a saturated zone above the impermeable layer and which
become the source of water for lateral subsurface flow. Lateral flow moves through the soil
layers and joins the nearest channel.

SWAT model calculates the amount of lateral flow released to the main channel as:
Qiat = Qat + Qlatstore,i—l) * (1 —exp {i}) (3.21)

Where: -

Quat is the amount of lateral flow discharged to the main channel on the given day (mm)
Q’1at Is the amount of lateral flow generated in a sub-basin on a given day (mm)
Quatstore,i-1 1S the lateral flow stored or lagged from the previous day (mm)

tiag IS the lateral flow lag time
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3.4 SWAT Model for Sediment Yield

SWAT computes soil erosion for each HRUs caused by rainfall and runoff, using Modified
Universal Soil Loss Equation (MUSLE). The modified universal soil loss equation(Williams

1975) is given by equation.
Sed =118 * (Qsurf * qpeak * Ahru) ®* x Kysie * Cusie * Pusie * LSusie * CFRG ~ (3.22)

Where Sed is the sediment yield on a given day in metric tons, Qsuyt is the surface runoff from
the watershed in mm/ha, g,.q is the peak runoff rate in cubic meter per second, Anw is the
area of HRU, Kusce is the USLE soil erodibility factor, Cusce is the USLE land cover and
management factor, Pusie is USLE support practice factor, LSusLe is USLE topographic
factor, and CFRG is coarse fragment factor. In SWAT water is routed through the channels

network using either the variable storage routing or Muskingum River routing method.
3.4.1 Sediment transport

Sediment transport is the movement of soil particles downstream caused by gravity and the
force of amoving fluid. The specific weight, water depth, shear stresses, and frictional forces
all affect a particle's ability to move. Slope, velocity, discharge, vegetation, sediment particle
size, mean sediment inflow rate, and channel morphology all affect sediment transport (K.
Subramanya, 1984).Weathered sediments erode and change the landforms that already exist,
and new landform suites are formed elsewhere when those materials are deposited (Sherman,
Davis, and Namikas 2013). Deposition and degradation are the two processes that govern
sediment transport in a channel network. SWAT computes both of these processes using the
same channel dimensions throughout the simulation. SWAT model calculate the amount of

sediment degradation in the channel using equation 3.23 below.

Sedgeg = (Conc Max Sed, — Conc sedcy, ;) * Kep * Ve * Cep*Ke. (3.23)

Where: Sed,,g4is the amount of sediment re-entrained in the reach segment (metric tons),
Conc sed,y, ; is the amount of initial sediment concentration in the reach (kg/l or ton/m?3),
Conc Max Sed, isthe maximum concentration of sediment that can be transported by the
water (kg/l or ton/m?), Kc is the channel erodibility factor (cm.hrt.pa?), C., is the channel
cover factor and V,;, is the volume of water in the reach segment (m?), Sed g,y isthe amount

of sediment deposited in the reach in (metric tons). SWAT model estimate the amount of
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sediment in the reach and amount of sediment transported out of the reach using equation
3.24 and 3.25 below.

SEdCh = Sedchi - Seddep + Seddeg (324)

Sedy = Sedep * 2 (3.25)

Where Sed ., is the amount of suspended sediment in the reach (metric tons) Sed, ; is the
amount of suspended sediment in the reach at the beginning of the time period (metric tons),
Sed g4 is the amount of sediment re-entrained in the reach segment (metric tons). Sed,,,,; is
the amount of sediment transported out of the reach (metric tons), Sedch is the amount of
suspended sediment in the reach (metric tons), V,,,; is the volume of outflow during the time

step (m®) and V is the volume of water in the reach segment (m?3).

3.5 SWAT Model Setup

3.5.1 Watershed delineation

Arc SWAT used Digital Elevation Model (DEM) to automatically delineate the watershed
and several hydrological subbasins. Subbasin is defined as the hydrological area contributing
to only one stream channel. For this study, the watershed area was delineated using a (30*30)
digital elevation model of the Blue Nile river basin in Ethiopia. The overall watershed further
classified into several subbasins based on the algorithms provided by the SWAT model. The
number of subbasins for this study area was determined based on a minimum size of stream
definition threshold. Using the 2500ha threshold number, 21 contributing sub-basins were

delineated for this study.
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Figure 3.16 Subbasin of Robigumero watershed

3.5.2 Hydrological Response Unit (HRU) analysis

SWAT helps load land cover, soil layers, and slope maps into the project. In order to conduct
the analysis, the correspondences of land cover, slope, and soil layer have been reclassified
and overlapped to connect the parameters in the SWAT database. The last step in the HRUs
analysis was the HRU definition. The HRU distribution in this study was determined by
assigning multiple HRUs to each sub-watershed. In multiple HRU definitions, land use, soil
and slope threshold level was used 2%, 5% and 5% to eliminate minor land cover types, soil
types and slope classes in each subbasin. Subdividing the catchment into sub watershed areas
with unique land use, soil, and slope combinations makes it possible to study the differences
in evapotranspiration and other hydrologic conditions for different land covers, soils, and
slopes shown in appendix table A7. Finally, the study area catchment was created 391, 357,
and 368 HRU for the 1994, 2008, and 2021 LULC maps, respectively.

3.5.3 Weather generator and weather data definition

The SWAT model requires the daily values of all metrological variables from measured data
or generated from the available station. In this study, some meteorological variables for some
station within the catchment were missed. Such as, relative humidity, sunshine hour, and
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wind speed in Deneba, Lemi, Mendida, and Sheno meteorological station. Consequently, the
weather generator solves this difficulty by generating data from the available meteorological
station. This study used measured data for all meteorological variables from the station of
Debrebrehane with continuous records as input to determine the values of weather generator
parameters. The weather generator sequentially generates precipitation for the day first,
followed by the generation of maximum temperature, minimum temperature, solar radiation,
and relative humidity, with wind speed being generated independently. Thus, for weather
data definition, the weather generators data file wgnstations.txt was selected first, then
rainfall data, temperature data, relative humidity data, solar radiation data, and wind speed
data in the form of text files were selected and uploaded to the write input table of the SWAT

model database.

3.5.4 Stream flow and sediment yield simulation

The SWAT model was used for this study to simulate stream flow and sediment yield. The
model was run and checked stream flow and sediment yield on a monthly basis for a thirteen-
year period of time, including a two-year warm-up period, using the 1994 LULC. Using
simulation result of 1994 LULC, sensitivity, calibration, and validation parameters were
identified, and using the identified calibration parameters, a model simulation was run again
in 1994, 2008, and 2021 LULC as an input HRU with the same weather data and soil data.

3.6 Model Sensitivity analysis, Calibration and Validation
a. Sensitivity analysis

The sensitivity analysis in Arc SWAT has the capability of performing two types of analyses.
The first type is uses only modeled data to identify the impact of adjusting a parameter value
on some measure of simulated output such as average stream flow and sediment yield. The
second type of analyses is uses measured data to provide overall “goodness off, it” estimation
between the modeled and the measured time series Veithand GhebreMichael, 2009 Cited by
(Veith 2010). In this study, to identify the influential parameters in the modeled stream flow
and sediment yield on the watershed, sixteen-year stream flow and sediment load data were
used. 22 flow sensitivity parameters and 14 sediment sensitivity parameters were selected

and checked, presented in appendix tables A3 and A4, respectively. Sensitivity analysis of
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sediment yield was carried out after completed of flow calibration, to identify the parameters
that affect the sediment yield of the watershed.

b. Model calibration
Model calibration is the process adjusting model parameters to as closely as possible match
the observed data while accepting a certain amount of deviation. It is also the modification
of parameter values and comparison of predicted output of interest to measured data until a
defined objective function is achieved. To address the mismatches between observed and
simulated variables, calibration parameters need to be adjusted beyond those identified
during sensitivity analysis (White and Chaubey 2005). In this study, to compare the goodness
of the modelled estimation and measured time series data, calibration was performed using
ten-year (1994-2003) stream flow and sediment load data. The calibration process was
carried out automatically with the help of the SWAT CUP model using sensitive parameters

by Sequential Uncertainty Fitting program (SUFI2).
c. Model validation

Validation is the comparison of the model outputs with an independent data set without
making any adjustments. The purpose of model validation is to check if the model can predict
flow for another range of periods. In order to utilize the calibrated model for estimating the
effectiveness of future potential management practices, the model will be tested against an
independent set of measured data. In this study, six years mean monthly stream flow and
sediment load data (2004-2009) was used for validation. During calibration and validation

has diferent model performance evaluation criteria’s those are listed below:
i.  Nash-Sutcliffe Efficiency

The Nash-Sutcliffe efficiency (NSE) is a normalized statistic that calculates the relative
magnitude of residual variance in comparison to measured data variance (“information™).
The NSE metric measures how well the observed versus simulated data plot fits the 1:1 line.
If the measured value agrees with all predictions, NSE is 1. If the NSE ranges between 0 and
1. If NSE is negative, predictions are very poor, and the average value of the output better
approximates the model prediction (Nash and Sutcliffe 1970).

_ 43R (si-Qi)?
NSE = 1 = o 7 (3.26)
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Where S is simulated output; O is observed hydrologic variable; Q,, is mean of the
observations that the NSE uses as a benchmark against which performance of the hydrologic
model is compared; n = total number of observations and S,, is mean of the model

simulations.
ii. Coefficient of Determination

Coefficient of determination (R?) is an indicator of the extent to which the model explains
the total variance in the observe data. Major limitation of R? is that it describes the linear
relationship between the two data sets, and one may obtain large R? value with a poor model
that consistently over estimates or underestimates the observations (Muleta and Nicklow
2005).

Rz - _ [EEi@i-omysi-sm)]”
[Ziz1(Qi-em)?][Ei (Si—sm)?]

(3.27)

iii.  Ratio of Root Mean Square Error

RMSE-observations standard deviation ratio (RSR): RMSE (Root Mean Square Error) is
one of the common error index statistics that describe the difference between the predicted
value by a model and the measured value. RSR standardizes RMSE using the observations
standard deviation, and it combines an error index (Moriasi, 2007). RSR is determined as

the ratio of the RMSE and standard deviation of measured data, as shown in equation 3.28.

RMSE \/—1*2?”@ ~SD?
RSR = = 2 (3.28)
STADVobs ’2{1=1(Qi —Qm)?

iv.  Percent Bias (PBIAS)

Percent bias is the average tendency of simulated data to be larger or smaller than their
observed counterparts. The optimal value of PBIAS is zero, with low magnitude values
indicating accurate model simulation. Model underestimation bias is indicated by positive
values, and model overestimation bias is indicated by negative values(Gupta et al. 2001)
calculated by equation 3.29.

PBIAS = 212919 (3.29)
)
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Table 3.7 Recommended statics model performance for flow and sediment

Rate Parameters % PAISE

RSR NSE R? Flow Sediment
Very good 0<RSR<0.5 0.75<NS<1 0.75-1 D<#10 D<+15
Good 0.5<RSR<0.6 0.65<NS<0.75 0.65-0.75 +10< D<z*15 15<D < 430
Satisfactory =~ 0.6<RSR<0.7 0.5<NS=0.65 0.5-0.65 +15<D<+25 +30<D<+35
unsatisfactory RSR>0.7 NS<0.5 <0.5 D>+25 D>+55

Source of recommended model performance rate (Moriasi, 2007)

3.7 Sediment Yield Management Practice in SWAT Model

There are various sediment yield management practices in the SWAT model. In different
studies, according to the topographic condition, different sediment management practices
were implemented, such as terraces, filter strips, grass waterway, reforestation, contouring
farming. In this study, three sediment management practices were applied using the SWAT
model in the critical sub basins to evaluate their effect on sediment yield reduction. Percent

of sediment reduction was estimated using equation 3.30 below.

Pre BMP—Post BMP
Pre BMP

% Reduction= * 100 (3.30)

Where , pre BMP is before implementing management practice,
Post BMP isafter implementing management practice

The selected management practices are stated below.
i. Terracing

Runoff curve number of the watershed depends on hydrological soil group, hydrological
condition, land use, and management practice (Hwakis, 2008). The USLE conservation
practice factor P value depends on the percentage of land slope and management practice,
wheare as spacing between terrace to tarrce terraces is determined by the slope gradient of
the watershed (Wischmeier, 1978). In this study, the effectiveness of terracing sediment
management practices in the critical sub-basin was assessed by adjusting the terrace
parameters of curve number (TERR_CN), slope length (TERR_SL), and USLE practice
(TERR_P) within the operation SWAT model. Appropriate curve number (TERR_CN) set
based on land use land cover, soil, and types of practice; detailed information is shown in

Appendix table A5. Wheare as USLE conservesion practice (TERR_P) set based on average
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percentage land slope and spacing between terrace to terrace based on the average slope of
the watershed.This management practice was evaluated only on agricultural land, all soil
types, and land all slopes because most agricultural land was significantly vulnerable to

erosion.
ii.  Filter strips

Filter strips are strips of dense vegetation placed along the channel's edge to reduce overland
flow velocity and sediment input into the channel but not affect surface runoff in the SWAT
model (Arnold et al., 2012). In the SWAT model, the assessment of vegetative filter strips
can be achieved by adjusting specific parameters. These parameters include enabling the
simulation of filter strip flag (VFSL), determining the ratio of field area to filter strip area
(VESRATIO), specifying the fraction of the Hydrologic Response Unit (HRU) that drains
to the most concentrated ten percent of the filter strip area (VFSCON), and defining the
proportion of flow within the most concentrated ten percent of the filter strip that is fully
channelized (VFSCH) (Waidler et al. 2011). This study followed the Conservation Practice
Modeling Guide for SWAT, implementing vegetative filter strips with a field area to filter
strips area ratio (VESRATIO) of 40 and a fraction (VFSCON) of 0.5 to represent the
Hydrologic Response Unit (HRU) drainage towards the most concentrated ten percent of the
filter strip area. This practice was uniformly applied in critical sediment source subbasins,

covering all agricultural land, soil types, and slopes.
iii.  Contouring

Contour lines create a water break which reduces the formation of rills and gullies during
times of heavy rainfall. Runoff curve number of the watershed depends on hydrological soil
group, hydrological condition, land use, and management practice (Hwakis, 2008). The
USLE conservation practice factor P value depends on the percentage of land slope and
management practice (Wischmeier, 1978).. In this study, contouring was assessed in the
SWAT model operations by adjusting the contouring parameters of curve number (CONT-
CN) and crop practices (CONT-P). These parameters were determined by considering the
characteristics of the watershed, crop practices in the watershed, land slope, and
recommendations outlined in the SWAT user manual. This sediment management option
was implemented in the critical subbasin, where, in the agricultural land, all soil types and

all of the land slopes.
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3.8 General Procdure of the Study

The general procedure of this thesis work, describe below on figure 3.17 below.
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4. RESULTS AND DISCUSSION

The results of this study are presented based on the research objective in the following sub-
sections: land use land cover change analysis, spatial and temporal LULC Change, Analysis
SWAT modelling, LULC change impact evaluation on stream flow and sediment yield, and
sediment yield spatio-temporal variation, and identifying sediment yield hotspot area and
best management strategies. The results of each subsection has discussed separately in the

following subsection.

4.1 Land Use and Land Cover Change Analysis

4.1.1 Accuracy Assessment of classification image

Accuracy assessment was done after image classification using an accuracy confusion matrix
with 165, 179 and 175 randomly selected points for 1994, 2008, and 2021, respectively. The
accuracy assessment was performed, using land use classification and ground truth points,
during this, producers’ accuracy, overall kappa statistics, and overall accuracy were checked.
The results of this study accuracy assessment are shown in tables 4.1, 4.2, and 4.3 below,

respectively..

Table 4.1 Accuracy asessement report for 1994

1994 Ground truth data

Classified | FRSTL AGRL GRL SRBL WRL BU Row  User
data Total  Accuracy
FRST 24 1 0 1 1 0 27 88.89%
AGRL 0 31 2 1 0 2 36 86.11%
GRL 0 2 27 0 0 0 29 93.10%
SRBL 3 0 1 24 2 0 30 80.00%
WRL 0 0 1 2 18 0 21 85.71%
BU 0 3 0 0 0 19 22 86.36%
Column | 27 37 31 28 21 21 165
total
Producers  88.8% 83.78% 87.1% 85.7% 85.7% 90.5% Overall
accuracy Accuracy =
86.6%

Overall kappa statistics = 0.84 |

52



Note: FRST = Forest land; AGRL = agricultural land; SRBL= shrubland; GRL= Grass land;
WR = Water body. BU = built-up area

Table 4.2 Accuracy assessment report 2008

2008 Ground truth data

Classified | FRST AGRL GRL SRBL WR BU Row  User

data Total Accuracy
FRST 24 1 0 1 0 0 26 92.3%
AGRL 0 34 4 0 0 2 40 85.0%
GRL 0 2 32 1 0 0 35 91.4%
SRBL 1 0 1 25 3 0 30 83.3%
WR 2 0 0 1 21 0 24 87.5%
BU 0 3 0 1 0 20 24 83.3%
Column 27 40 37 29 24 22 179

total

Producers | 88.9% 85.0% 86.5% 86.2% 87.5% 90.9% Overall Accuracy
accuracy = 87.15%

Overall kappa statistics = 0.84
Table 4.3 Accuracy assessment report for 2021

2021 Ground truth Data

Classified  FRST AGRL GRL SRBL WR BU Row  User
Data Total  Accuracy

FRST 20 1 0 1 2 1 25 80.0%
AGRL 0 37 2 0 0 1 40 92.5%
GRL 0 2 31 1 0 0 34 91.18%
SRBL 1 0 1 27 0 0 29 93.10%
WR 0 0 0 2 20 0 22 90.9%
BU 0 2 0 0 0 23 25 92.0%
Column 21 42 34 31 22 25 175
Total
Producers | 89.2% 95.3% 88.1% 91.2% 87.1% 90.9  Overall Accuracy
Accuracy % = 90.29%

Overall Kappa Statistics = 0.88

In this study, according to the results of the accuracy assessment presented in the above table
4.1, 4.2 and 4.3 the overall kappa statistics and overall accuracy of 1994, 2008, and 2021
LULC maps were 0.84, 0.84, and 0.88, and 86.67%, 87.15%, and 90.29%, respectively.
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Suggested statistics: Kappa value < 40% is poor, 40-55% is fair, 55—70% is good, 70-85%
Is very good, and greater than 85% is excellent (Monserud and Leemans 1992). According
to the proposed statistics, the values of this study indicate that the land cover classification

and the methodologies used were very good and excellent.

4.1.2 Spatio-temporal LU/LC detection analysis

In this study, three land use land cover maps were prepared at 1994, 2008, and 2021, to
analysis their changes and evaluate their effects on stream flow and sediment yield. The map
of land use and land cover was classified using ERDAS image software 2015 from a landsat
image. LULC image processed was classified into six classes: mixed forest land, agricultural
land, shrubland and bushland, grass land, water bodies, and settlement or built-up area. The

results are clearly shown on figure 4.1 below.
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Figure 4.1 Classification maps of land use land cover
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Spatial and temporal change analysis was carried out to describe land cover change patterns
during the study period. According to this study's LULC classification result, vast areas of
land were converted into cultivation land, from 1994 to 2021. Shrubland and bush land also
exhibited a decreasing trend, especially from 1994 to 2008, and grass land significantly
decreased. For each year of LULC, percentile area coverage and percent of land use land

cover change are presented in figure 4.2 and table 4.4 below, respectively.
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Figure 4.2 Spatio-temporal land use land cover change

Table 4.4 Trend of land use land cover change

1994 2008 2021 % of LULC Detection

Class Area % Area % Area % 1994- 2008- 1994-
name | (km? (km?) (km?) 2008 2021 2021
FRST 3374 3.68 2399 262 2943 321 -1.06 +0.60 -0.47
AGRL |542.63 59.15 604.34 65.88 643.61 70.16 +6.73 +4.28 +11.1

GRL 210.16 2291 184.55 20.12 15358 16.74 -2.8 -3.38 -6.12
SRBL |123.65 13.48 93.46 10.19 7418 809 -329 -21 -54

WR 1.25 014 102 011 111 0.12 -0.03 +0.01 -0.02
BU 5.93 0.65 10.00 1.09 1547 169 +044 +0.6 +1.04
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Table 4.5 Percent of LULC change and rate of land use land cover change

% of land cover area change Rate of lulc change (ha/year)
Class 1994-2008 2008-2021 1994-2021 | 1994-2008  2008-2021 1994-2021
FRST -28.8 22.5 -12.7 -69.6 41.84 -15.96
AGRL | 11.37 6.49 18.61 440.8 302.1 374

GRL -12.18 -16.8 -10.4 -182.9 -238.2 -209.55
SRBL | -244 -20.6 -40 -215.6 -148.3 -183.2
WR -21.4 9.09 -14.3 -1.6 0.69 -0.52

BU 67.69 55 160.8 29.1 42.1 35.3

According to the land use and land cover analysis results presented in the above tables 4.5,
agricultural land was increased by 11.37%, 6.49%, and 18.67%, respectively during the
study period. Agricultural land incremented between the study periods were 440.8, 302.1,
and 374 halyear, respectively. Similarly builtup area increased by 67.9%, 55%, and 160.8%,
respectively. The rates of built-up area increment between the study periods were 29.1, 42.1,
and 35.3 ha/year. The rapid percent change that took place in the built-up area during these
periods is associated with the nearest location of Deneba and Mendida towns to the study
site. As can be seen, most of the increase in the built-up area occurred in the north-eastern

areas of the watershed.

Shrubland and bush land also decreased by 24.4%, 20.6%, and 40%, respectively. Similarily,
forest land declined 12.7%, and the rate of land cover change during this period was -15.96
ha/year. During the period from 1994 to 2021, forests, shrubland, and grassland have shown
a reduction in size due to increased agricultural and built-up area. During the study period
of 1994-2021, there was a decrease in the rate of water bodies by 0.52 ha/year. The rate of
percentile change between the land cover maps that changed during the study period is

shown in clear detail above in table 4.5.

Similar studies across the basin have supported the results of this study's rate of land use and
land cover change investigation. The study's findings are in line with those of an earlier
investigation conducted in beressa watershed upper Blue Nile basin near the Robigumero
watershed. The result reported that cultivation land is increased, but forest land, grass land,
and shrubland are decreased (Worku, Tripathi, and Khare 2016). (Worku, Tripathi, and

Khare 2016) reported that the rate of land use and land cover change in the Beressa watershed
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in the upper Blue Nile basin agricultural land and built-up area increased by 18.2% and
59.7%, respectively, and grass land decreased by a rate of 50.6% between 1984 and 2015.

4.1.3 Spatial LULC type conversion (1994-2021)

The spatial variation of the Robigumero watershed LULC was analyzed during the study
period (1994-2021). Using the 1994 LULC map as a baseline, the results show that one land
cover type changed to other cover type that have an impact on the sub-watershed. The spatial
LULC type change, area coverage in hectares, and percentaile change, or the unchanged land

cover type from the baseline were shown in tables 4.6 and figure 4.3 (a), respectively.

Table 4.6 LULC transition matrices of 1994-2021 in (ha)

1994-2021 spatial LULC types conversion in area (ha)

LULC Type | BU AGRL GRL FRST SHRBL WRL  Grand total
BU 445.0 60.0 30.0 10.0 49.7 0.7 595.3
AGRL 550.0 41630.0 7000.0 842.7 42400 0.0 54262.6
GRL 240.0 127651 6710.0 308.0 984.3 10.0 21017.4
FRST 158.2 1688.0 214.0 982.0 3329 14.3 3389.4
SHRBL 156.0 81924 14100 800.0 17852 20.0 12363.6
WRL 0.0 25.0 10.0 0.0 26.0 65.0 126.0
Grand total | 1549.2 64360.5 15374.0 2942.7 7418.0 1100 917544

In this study, 550,240,158.2 and 156 ha of built-up area were converted from agricultural
land, grass land, forest land, and shurbland, respectively, and 60, 30, 10, 49.7, and 0.7 ha of
built-up area were converted into agricultural land, grass land, forest land, shurbland, and
water bodies, respectively. Similarly, 60, 12765.1, 1688., 8192.4, and 25ha of agricultural
land were converted from built-up area, grass land, forest land, shrub land, and water bodies,
respectively, and 550, 7000, 842.7, and 4240 ha of agricultural area were converted into
built-up area, grass land, forest land, and surbland area, respectively. And also, 10, 842,
7308, and 800ha of forest land were converted from built-up areas, agricultural land, grass
land, and surbland, respectively. Other LULC types conversion area coverage and gain and
loss of area from and to diferent LULC details are presented in the above table 4.6 and figure
4.3.
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Figure 4.3 Percentage of LULC type conversion (a) and Loss and gain (b) from1994-2021

In this study, according to the analysis result of land use land cover conversion between the
periods of 1994 and 2021 shown in the above figure 4.3, 74.5% of the built-up to built up
area means 1994 bulit up area is still a built-up area, but 25.3% of the area has changed to
other types of LULC. And also, 76.7% of the baseline map of agricultural land until 2021
has not changed, but 23.3% of agricultural land has changed to other land use land cover
types, such as surbland, grass land, and forest land. 14.4%, 31.9%, and 29% of shrubland
and bush land, grass land, and forest land were not changed, respectively, but 85.6%, 68.1%,
and 71.0% changed to other land use land cover types. Figure 4.3b clearly illustrates the
extent of area lost by each land use land cover type as it transitions to another land cover

type, as well as the corresponding gains from other land cover types.

4.2 Stream Flow Modeling

This study considered a two-year warm-up period and used the SWAT model to simulate a
28-year stream flow from 1992 to 2021. This watershed has 21 subbasins; from these, the
river gauge station is located in subbasin 5. The performance of the model was checked using

measured flow and simulated flow data at the outlet or gauge station. .
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4.2.1 Sensitivity Analysis

According to the results obtained from the sensitivity analysis, the ranks of the parameters
were assigned depending on the t-stat and p-value. The P-value evaluates the significance of
sensitivity parameter, and the t-stat measures the parameter sensitivity. Therefore, the
parameters having a higher absolute value t-statistic indicate more sensitivity, and a p-value
closer to zero indicates more significance. The identified, sensitive parameters are presented

in table 4.7 below.

Table 4.7 Selected stream flow sensitivity parameters

Rank P-value t-stat Range Fitted value
Parameters min Max

1 r CN2. mgt 0.000 2341 -0.2 0.2 0.025

2 v_GWQMN.gw 0.000 -4.59 0 5000 1671

3 v_GW_REVAP.gw 0.0018 -2.36 -0.02 0.2 0.09

4 r_SOL_BD.sol 0.026 221 -0.5 0.9 0.42

5 r_ SLSUBBSN.hru 0.045 1.99. 10 150 98.6

6 v_GW_DELAY.gw 0.064 -1.84 30 450 229.1

7 r OV_N.hru 0.12 1.53 -0.01 30 6.9

8 r RCHRG_DP.gw 0.14 1.46 -0.5 0.9 0.46

Note: v is in the methods imples a replacement of initial parameter value with the given
value, Wheare as r is indicate a relative change to the initial value and a is agiven value is

added the existing parameter value.

Global sensitivity parameters with a p-value less than 5% are more sensitive, and parameters
with a p-value greater than 5% and a smaller t-value in the global sensitivity are less sensitive
(Thavhana et al. 2018). Based on the p-value and t-stat results in table 4.7, the SCS runoff
curve number (CN2.mgt), threshold depth of water in the shallow aquifer returned flow
(GWQMN.gw), ground water revap coefficient (GW_REVAP.gw), moist soil bulk density
(SOL_BD.sol), and slope length (SLSUBBSN.hru) were found to be the most sensitive flow
parameters for the Robigumero watershed. The other parameters, whose p-value is higher
than 5%, were less sensitive to controlling stream flow model output in the watershed. A
study by Worku et al. (2017) in the Beressa watershed in the upper Blue Nile Basin near the

Robigumero watershed supports the sensitive stream flow parameters of this study.
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4.2.2 Model Calibration, Validation and uncertainty for stream flow

i.  Model calibration for stream flow
In this study, the calibration process was performed using two-thirds of the available actual
observation stream flow data from the period between 1994 and 2003. This was done by
changing parameters within the allowable range until the best match between the simulated
result and its corresponding observed flow. The calibration result graph for monthly flow
shown in figure 4.4, the results indicate there was a good agreement between measured and
simulated flows, with a statistical value of Nash-Sutcliffe simulation efficiency, coefficient

of determination and, PBIAS clearly presented in table 4.8 below.
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Figure 4.4 Calibration of stream flow with rainfall at outlet point using 1994 LULC

ii.  Model validation for stream flow

Flow validation was carried out in 2003—2009 without further adjustment of the calibration
parameters of the flows. Flow validation graph shown in figure 4.5, accordingly the model
stastis value there was a good match between monthly measured and simulated flows. The

model performance stastics value presented in table 4.8.
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Figure 4.6 Regression fit line of simulated and measured stream flow (a) for calibration
and (b) for validation

Table 4.8 Calibration and validation model performance statics value of stream flow

Model efficiency statics’

Variable p-factors r-factors R? NSE PBAIS
Calibration(1994-2002) | 0.17 0.55 0.89 087 -2.3%
Validation(2003-2009) | 0.21 0.50 0.77 0.76 -5.1%

The above result, which is summarized in the table as the mean monthly simulated stream

flow and measured stream flow during the calibration and validation, indicates a good
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correlation, as confirmed by the visual comparison of the hydrograph and model evaluation
statistics in table 4.8.. While the model evaluation statistics for monthly stream flow were
R?,0.89, NSE, 0.87 and PBAIS -2.3% for calibration and R?, 0.77, NES, 0.76 for validation.
Based on Moriasi's (2007) proposed general performance rating, the monthly simulation of
stream flow in this study, as obtained from the SWAT model, was demonstrated very good

performance.

The conducted uncertainty result p- factors and r-factors of presented clearly in the above
table 4.8. This result showed p-factor and r-factor was within acceptable range but, a certain
weakness occurred, 17% and 21% of the observation data are bracketed by that 95ppu with
narrow prediction interval during calibration and validation period. In this study SWAT
model during the calibration and validation period stream flow was predicted at some season
underestimated and at some seasons overestimated as shown on the graph figures 4.4 and
4.5, respectively. The divergence of observed stream flow and simulated stream flow occurs
due to the problem of input data, model calibration parameters, and model structure
(Duethmann et al. 2020; Go 2008). In this study, model prediction errors or uncertainty may
occur due to the quality of the observed stream flow data used for model calibration and
validation. On the other hand, some missed climate data records were also estimated by the
SWAT stochastic weather generator.

Similar studies in across the country and basin has supported the results of this investigation.
(Worku 2017) reported the NSE and R? values of 0.67 and 0.72 for stream flow calibration
and 0.64 and 0.68 for validation periods, respectively, for the Beressa watershed in the upper
Blue Nile basin. For another watershed, (Andualem et al. 2015) reported R? and NSE values
of 0.89 and 0.85 for calibration and 0.88 and 0.79 for validation periods, respectively, in
Gilgel Abay Watershed, Lake tana. Asres et al. (2010) reported that using SWAT model the
simulate stream flow has a good correlation with measured flow of the Gumera watershed,
both in calibration and validation periods with (NSE = 0.76 and R? = 0.87) and (NSE = 0.68
and R? = 0.83), respectively.

Generally, the estimated result of stream flows indicate that SWAT model is a good predictor

of stream flow in the Robigumero watershed.
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4.3 Evaluation of LULC change effects on seasonal and annual stream flow

The evaluation of land use and land cover change impacts on stream flow was carried out
using the simulation of stream flow calibrated results. The overall 28-past-year simulated
long-term mean annual and seasonal stream flow result for 1994, 2008, and 2021 LULC and
there change were clearly presented in table 4.9.

Table 4.9 Long term calibrated mean annual and monthly seasonal simulated stream flow

LULC 1994 2008 2021 change
Simulated Simulated simulated 1994- 2008- 1994-
2008 2021 2021

mean annual flow (m3s) 116.9 119.12 121.53 223 241 464
Dry period (m3/s) 1.46 1.4 1.32 -0.04 -0.08 -0.14
Wet period (m3/s) 26.7 27.08 27.56 +0.38 +0.48 +0.86

The results presented in table 4.9 indicate flow over the past 28 years from 1994 to 2021 has
increased by 4.64 m®/s, due to increasing cultivated land and settlement area by 11.1% and
1.0.4%, respectively and decreeing of forest, shurbland and grasseland by 0.47%, 5.4% and
6.12% , respectively. And also, land use and land cover change affect seasonal stream flow.
During seasonal flow estimation, the months Decmber, January, February and march were
taken as dry periods and June, July, August, and September were also taken as wet periods
for detecting the change in seasonal stream flow. The findings show that mean monthly
stream flow increased during the wet season and decreased during the dry season by 0.86
m®/s and 0.14 m®/s, respectively, during 1994 to 2021 the study period, due to the increase
of cultivated land and settlement area, respectively, and decreased forest land, grass land,
and surbland, respectively. Increasing cultivated land and settlement area, increasing surface
runoff in the wet season, and decreasing the ability of groundwater recharge (Siddik et al.
2022). Groundwater recharge on agricultural land and paved areas is less than that on
surbland and forest land during the rainy season, but the ability to generate surface runoff is
greater (Owuor et al. 2016).

The result of this study on land use and land cover change impacts on seasonal and mean
annual stream flow is consistent with several studies in the country and basin. For example
(Chakilu and Moges 2017), the Gumara watershed in dry season flow has a decreasing.
According to different study findings on the impacts of land use and land cover change on
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seasonal stream flow, stream flow decreases in the dry season and increases in the wet season
due to the expansion of agricultural land and settlements or built-up areas and the decline of
forest and shrubland (Ayele et al., 2023; Gedefaw et al., 2023; Kenea et a,l., 2021).

4.4 Sediment yield modeling

The study area sediment yield was simulated using, 1994, 2008, and 2021 LULC and the

same weather data and soil data for each LULC as an input.

4.4.1 Sensitivity Analysis

During the sensitivity analysis of sediment, 14 parameters were checked for sensitivity; from
these, eight parameters were selected for calibration based on the value of p-vale and t-stat.
The remaining parameter values do not cause significant changes in the model output. The
selected Sediment sensitivity parameters were shown in the table 4.10 below.

Table 4.10 Selected sediment sensitivity parameters

Rank Parameters P- t-stat Range Fitted value
value min max

1 v_USLE_K.sol 0.0 -5.05 0 0.65 0.18

2 v_USLE_P.mgt 0.0 -4.3 0 1 0.04

3 r_CN2.mgt 0.0 -3.6 -0.2 0.2 -0.11

4 v_USLE _C{.}plant 0.003 -2.96 0.001 05 0.49

5 v_ADJ PKR.bsn 001 -2.59 0 2 1.34

6 v_CN_N2.rte 027 -11 -0.01 0.3 0.09

7 v_CH_EROD.rte 0.39 0.863 0 1 0.73

8 r_ SPCON.bsn 047 0.72 0.0001 0.001 0.005

Global sensitivity parameters with a p-value less than 5% are more sensitive, and parameters
with a p-value greater than 5% and a smaller t-value in the global sensitivity are less sensitive
(Thavhana, Savage, and Moeletsi 2018). From the listed sediment sensitive parameters in
the above table 4.10, the USLE equation support parameter (USLE_P.mgt), USLE equation
soil erodibility (K) factor (USLE_K.sol), runoff curve number (CN2.mgt), USLE equation
crop practice (USLE_C {...}.plant), and peak rate adjustment factor for sediment routing in
subbasin tributary channels (ADJ_PKR.bsn) were the most sensitive sediment parameters
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for the Robigumero watershed. In the Jemma River Basin Watershed studied by (Tamiru et
al. 2024), the findings of sediment-sensitive parameters are similar or support this study.

4.4.2 Model Calibration, Validation and uncertainty for sediment yield
i.  Model calibration for sediment

The calibration of the sediment yield was done based on a sediment sensitivity analysis that
identified sensitive parameters for the sediment yield by varying iteratively within the
allowable ranges of the parameters. Sediment calibration for this study was carried out using
monthly data basis (1994-2003). Figure 4.7 below present the calibration result of the study

area on monthly time scale.
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Figure 4.7 Calibration sediment yield with simulated flow at outlet point using 1994 LULC

ii. Model validation for sediment

Validation of sediment yield was carried out using a period of six years of data (2004—-2009).
The last iteration of calibration sensitivity parameters was used for validation without further
adjustment but the sediment data used for validation was not similar to the calibration data.

The validation result of sediment out present on the figure 4.8 and 4.9 (b) below.
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Figure 4.9 Regression fit line of simulated and measured sediment yield (a) for calibration
and (b) for validation

Table 4.11 Summary of sediment yield calibration and validation model performance

statistics value

Model efficiency statics’ value

Variables p-factors  r-factors R? NSE PBAIS
Calibration(1994-2002) 0..22 0.68 0.80 0.80 -7.1%
Validation(2003-2009) 0.26 0.57 0.75 0.74 0.9%
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According to the general performance rating proposed by (Moriasi, 2007), the sediment yield
performance statistics value presented in table 4.11 indicate very good model performance.
However, during the monthly time scale calibration and validation, the simulated sediment
yield depicted in figures 4.7 and 4.8 exhibited at some seasons underestimation and at some
seasons slight overestimation. The divergence of observed sediment and simulated sediment
yield results occurs due to input data, model calibration parameters, and model structure
problems (Duethmann, Bldschl, and Parajka 2020). In this study the uncertainatiy or model
prediction error of may occurred due to quality of the observed streamflow data to generate
sediment load data using sediment rating curve, scarcity of sediment concentration data used
for model calibration and validation. Addationaly, some missed climate data records were

also estimated by SWAT’s stochastic weather generator.

The goodness of sediment calibration and validation uncertainty analysis can also be
indicated by the P-factor and R-factor. This study result showed p-factor and R-factor was
within acceptable range but, a certain weakness occurred, 22% and 26% of the observation
data are bracketed by that 95ppu with narrow prediction interval during calibration and
validation period. For sediment predictions in the SWAT-CUP model, smaller values of the

p-factor and larger values of the r-factor are considered acceptable (Abbaspour et al. 2015).

4.5 Evaluation of LULC Change Effects on Seasonal and Annual Sediment
Yield

The calibrated simulated sediment yield result was used to evaluate the dry and wet season,
and mean annual sediment yield from the whole subbasin.

Table 4.12 Long term mean annual and seasonal calibrated simulation sediment yield

Mean annual and seasonal simulated sediment yield

LULC 1994 2008 2021 Change detection
Simulated Simulated simulated 1994 - 2008 - 1994-
2008 2021 2021
Annual sediment 8.72 12.25 14.22 3.53 1.97 5.55
yield (t.hat.yr?)
Dry period (t.hal) 0.67 0.88 1.16 021 0.28 0.49
Wet period (t.hal) 7.64 10.81 12.45 3.17 164 4.82
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In this study, the response of land use land cover change to sediment yield during 1994, 8.72
t.hat.yr!increased to 12.25 t.hal.yr! during 2008 and reached to 14.22t.ha .yr? during
2021. Mean annual sediment yield was shown an increment trend during (1994-2008) 3.53
t.hat.yr?, (2008-2021), 1.97 t.hat.yr! and (1994-2021) 5.55 t.hat.yrt. Whereas at the wet
and dry season sediment yield result increased by 4.82 t ha® and 0.49 t.ha® per season
respectively in the period of 1994-2021, because of expansion of agricultural land by 11.1%
and decline of forest land, shrubland and grass land by 0.47%, 6.12% and 5.4%, respectively.
Expansion of agricultural land and decline of forest and shrubland is the main cause of
sediment yield increment in the catchment (Negese 2021; Welde and Gebremariam 2017).
The catchment mean annual sediment yield, 80.87%, 88.23%, and 87.54% were generated
within the wet season during 1994, 2008,and 2021 LULC.

Similar study, supported the trend of sediment yield result of this study. For instance, Mamo
& Wedajo (2023) study in the Finch Watershed Upper Blue Nile Basin on the responses of
land use and land cover change to soil erosion and sediment yield, the revealed sediment
yield shows an increment from 1991 (6.7 t ha* yrt), 2006 (8.5 t ha L.yr?), and 2021 (10.3 t
hat yr?), due to increasing cultivated land, settlement land, and the decline of forest land,

shrub land, and grassland.

4.6 Temporal Variation of Sediment Yield

Catchment runoff, sediment yield and rainfall have a direct relationship, which means that
higher rainfall will have a higher runoff and sediment yield (Zhang et al. 2022). In this study,
sediment yield and surface runoff varied from year to year due to climate and the uneven
distribution of rainfall in the watershed during the study period. Sediment yield and surface

runoff temporal variation of the watershed was clearly showed in figure 4.10 below.
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Figure 4.10 Temporal variation of sediment yield with runoff using 2021 LULC
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Figure 4.11 Correlation of (a) surface runoff and sediment yield and (b) rainfall and runoff

Figures 4.11 (a) and (b) show a strong correlation between mean annual sediment, surface
runoff, and precipitation over the simulation period. Which means that high precipitation has
generated high runoff and sediment yield in the study area. In this study the highest sediment
yield (26.53t.hayr?) and runoff (409.664mm) occur in 1996 and minimum sediment yield
(5.56 t.hat.yr1) and runoff (137.52mm) occur in 2015.
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4.7 Spatial Variation of Sediment yield and Identify Hotspot Area

To prepare spatial distribution of sediment yield and surface runoff was used mean annual

calibrated sediment yield and runoff at the subbasin level. Erosion hotspots or under risk

area sub watershed were identified based on comparing the mean annual sediment yield get

from model simulation result. According to Fenta et al.(2021) agro-ecological-based soil

erosion assessment in Ethiopian river basins shows soil loss above 10 t ha™* yr?, which is

higher than the tolerable soil loss limits estimated for Ethiopia. Based on this and the

available sediment yield generated from each subbasins, Robigumero watershed erosion

severity classes was classified as low (0—6t.hatyr), moderate (6-11t.na™.yr?), high (11—

18t.hat.yr!) and very high or severe (>18t.hal.yr?). Sediment yield distribution severity

class and runoff distribution were shown below in figure 4.12
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Figure 4.12 Map of sediment yield and surface runoff distribution
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Figure 4.13 Graphical representation of spatial distribution of sediment yield with runoff

Sediment yield findings in each subbasin shown in the above figures 4.12 and 4.13 show
that the highest sediment yield was found in sub-basin 4 (34.9 t hal.yr?) and the lowest in
sub-basin 5 (4.45 t hat.yr?). Sediment yield and runoff findings of this watershed in each
sub-watershed was different. This happened due to the combination of the main key factors
land cover, slope, soil type, and intensity of rain fall. Rainfall intensity, soil type, land cover,
and land slope all affect the amount of sediment yield and runoff in the watershed (Ziadat
and Taimeh 2013). The sediment yield distribution results show that five subbasins are
severe (very high) sediment yield-prone, four subbasins were high sediment yield-prone,
seven were moderate sediment yield-prone, and five subbasin are low sediment-prone area.
From low to severe sediment yield, subbasin area coverages, in square kilometers, and the
percentile area coverage are described in table 4.13 below.

Table 4.13 Classified erosion severity classes, subbasin based on (Fenta et al. 2021)

No Subbasin Class Range Area coverage %
(km ?)

1 2,3,4,20,21 severe >18.0 163.11 17.77

2 12,14,16,17 high 11-18. 234.705 25.58

3 116,911,13,18,19 moderate  6.-11 343.83 37.47

4 1578,10,15 low 0-6 175.89 19.2

Findings in the above table 4.13 show that 43.35% of the watershed area is a sediment yield
critical area, and 19.2% and 37.47% of the watershed are categorized as low and moderate
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sediment yield areas, respectively. Acceptable soil loss that can maintain the economy and
a high level of production in Ethiopia is less than 12 t hat.yr! (Husen and Abate 2020). In
this watershed, twelve subbasins are within an acceptable range of soil loss rates, so it is less
important to implement BMPs, and nine subbasins was fall into the high and severe (critical
subbasin) sediment yield categories, which need quick sediment management intervention
to reduce soil loss, to improve agricultural productivity, and reduce sedimentation. The
critical subbasin generated 24.02 t hat.yr?, while the whole catchment produced 14.24 t ha”
Lyrt or 1,306,576.96 t.yr? (1.3Mton/yr).

4.8 Assess and identify Sediment Best management practice

In this study, three sediment management practices were applied in the critical subbasin to
minimize the risk and evaluate their effect on sediment yield.. The selected management

practices were evaluated below.
Scenario 1: Effect of Terracing

This study evaluated terracing sediment management practices in the critical subbasin by
adjusting the operation SWAT model terrace parameters of curve number (TERR_CN),
slope length (TERR_SL), and crop practice (TERR_P). This management practice was
evaluated only on agricultural land, all soil types, and all slopes.The design runoff curve
number value for this study decide based on hydrological soil group, land use and type of
management practice detail information shown in the appendix table A5. The designed
parameter values of the terrace and its effect on sediment yield reduction are stated in Table
4.14 below.

Table 4.14 Reduction of mean annual sediment yield due to implementing of terracing

Scenario TERR-P TERR-CN TERR-SL  Sediment yield % of

(t hal.yr-1) Reduction
Baseline 24.02 0
Scenario 0.5 76 25 7.3 71.1

According to MoA (2016) spacing between terrace to terrace designed based on average
slope, wheare as according to Wischmeier (1978) determine terracing with contour farming

conservation practice factor (TERR-P).
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Figure 4.14 Effect of terracing

According to the results presented in the above table 4.14, after the implementation of terrace
sediment management practices in the critical subbasin, the mean annual sediment yield
significantly decreased from 24.02 t hat.yr? to 7.3 t hat.yr?, which means that the mean
annual sediment yield decreased by 71.1% from the baseline. Different studies across the
country and basin support the result of this study. The results published by Zeberie (2020)
in the Akaki watershed, upper Awash basin of Ethiopia, after the application of terracing in
critical subbas sediment yield output result decreased by 68.75%. Furthermore, (Berihun et
al. 2019) assessed terracing management practices in the Bilate watershed rift valley basin,
Ethiopia, on an erosion-critical subbasin. The reported results indicate that sediment yield
was reduced by 80.85% after application.

Scenario 2: Effect filter strips

In this study, the application of vegitative filter strips in the SWAT model was achieved by
modifying the operational parameters associated with filter strips within the selected critical
sediment source subbasin. Specifically, the parameters adjusted were as follows: the flag for
the simulation of filter strips (VFSL), the ratio of field area to filter strip area (VESRATIO),
the fraction of the hydrologic response unit (HRU) that drains to the most concentrated ten
percent of the filter strip area (VFSCO), and the fraction of flow within the most concentrated
ten percent of the filter strip that is fully channelized (VFSCH), on agricultural land, all soil
types, and all slopes, because the critical subbasin land use land cover is most agricultural
land exposed to erosion. The designed parameter values of filter strips and their effect on
sediment yield reduction are stated in table 4.15 below.
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Table 4.15 Reduction of sediment yield due to implementing of filter strips

Scenario VFSL VESRATIO  VFSCON VFSCH Sedimentyield % of
(that.yrt) Reduction

SO 0 10 0.5 90 24.02  Inactive (0)

Filter strip 1 40 0.5 90 12.95 46.3

The above design parameters of vegetative filer strips in table 4.15 supported by ( Nepal and
Parajuli 2022; Engineer et al. 2018; Wang 2018) studies.
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Figure 4.15 Effect of filter strips with different scenario

According to the results presented in the above table 4.15, after the application of filter strip
sediment management practices in the critical subbasin, the mean annual sediment yield
reduced from 24.02 t hat.yr?! to 13.1 t ha't.yr?, which means that the mean annual sediment
yield of the critical subbasin decreased by 46.3% from the baseline. Similar studies across
the country and basin support the result of this study. According to the reported result by
(Betrie et al. 2011), the application of filter strips in the Blue Nile Basin sediment yield
reduction ranged from 29% to 68%. According to the reported result of Bitew & Kebede (
2023) in the Azuari watershed upper blue Nile basin, after the application of filter strips to
critical subbasin sediment, the yield reduced by 35.61%.

Scenario 3: Contouring

In this study, contour farming was assessed in the SWAT model operations by adjusting the
contouring parameters of curve number (CONT-CN) and crop practices (CONT-P). This

sediment management option was implemented in the critical subbasin, where, in the
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agricultural area, all soil types and all of the land slopes. The designated parameter value
and it effect on sediment yield reduction are stated in table 4.16 below.

Table 4.16 Reduction of mean annual sediment yield due to implementing contouring

Scenario  CONT-CN CONT-P  Sediment yield (t ha*.yr!) % of Reduction
Baseline 24.02 0
Scenario 78 0.6 12.1 51.9

Desiging parameters value of the contouring depand on factors describe in appendix table
A5, wheare as p value adjust based slope of watershed (Wischmeier, 1978).

Effect of contouring @ Baseline
m Contouring

Sediment yield(t .ha'.yr)

% -
Subbasin

Figure 4.16 Effect of contour farming

The assessment result as shown the above table 4.16 the critical subbasin sediment yield
reduced from 24.02 thalyr-! to 12.01 thalyr!, which means after application of
contouring in the critical subbasin mean annual sediment yield reduced by 51.9% from
baseline. Different studies across the country and basin support the result of this study. The
reported result by (Bitew and Kebede 2023)), application of contouring in the Blue Nile
Basin sediment yield reduction ranged from 43.6%).

Generally, the effectiveness of sediment yield management practices in achieving significant
reductions in each critical subbasin sediment yield is demonstrated in Appendix table A6.
Terrace implementation is the most effective and recommended management practice for

this study.
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5. CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion

During this study, Spatio-temporal LULCC was detected over the years of 28 periods using
landsat image processed by using ERDAS Imagine software and Arc GIS. The catchment
area is classified into six land cover types: agricultural land, mixed forest, shrub land, grass
land, water body, and built-up area. From those land cover, agricultural land significantly
expanded and mixed forest land, grass land, and shrub land were reduced. Agricultural land
and settlement area, or built-up area, detected by 11.1% and 1.4%, respectively. And also,
mixed forest land, shrubland, and grass land areas decreased by 0.47%, 5.4%, and 6.12%,

respectively relative to the whole watershed, during the period 1994-2021.

The study also investigates the impact of LULCC on average monthly seasonal and average
annual stream flow and sediment yield. The findings indicate that mean annual stream flow
increased by 4.64 m®/s, and the mean monthly seasonal stream flow during the dry season
decreased by 0.14 m®s and increased by 0.86 m®/s during the wet season. Similarly, the
mean annual sediment yield of the watershed increased by 5.55 t hal.yr!, and the mean
monthly seasonal sediment yield increased by 0.49 t hal.yr! and 4.82 t ha't.yr? in the dry
and wet seasons, respectively, during 1994-2021, due to increasing agricultural land and

decreasing forest, shrubland, and grass land.

Additionally in this study, using 2021 LULC, sediment yield and runoff distribution were
conducted, and the identified erosion-severe areas were found, which indicates that sediment
yield and runoff were varied spatially and temporally. From the classified 21 catchment
subbasin, nine subbasins, or 43.35% of the study area coverage, were identified as high-to-
severe erosion hotspot areas that need great attention from watershed management, while 12
subbasins, or 56.65% of the area coverage, has low to moderate sediment yield. The average
annual sediment yield of the critical subbasin was 24.02 t ha™* yr?, but the finding result of

the overall watershed is 14.24 t hat yr?,

Finally, to reduce the erosion severity of the study area, three types of sediment management
practices was assessed on the critical subbasin, such as terracing, vegetative filter strips, and
contouring. From the assessed sediment management practices, terracing is better than the

others for this watershed.
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5.2 Recommendations

The following suggestions were made in light of the study's challenges and findings:

¥~ The biggest challenge in this study was getting sufficient sediment concentration
data, Hence, it is highly recommended the responsible organization should give more
attention to the recording of observed sediment concentration data and way of sample
taking, for the future period.

&~ Extensive expansion of agricultural land and a decline of mixed forest and shrubland
were observed in the study area. Unplanned expansion of farming activities should
be avoided; instead, proper land use planning must be done before any developmental
activities in the catchment to tackle land cover change-related problems, which need
effective and participatory integrated watershed management.

¥~ The Robigumero River is one of the sources of water for people who live within the
catchment. The unwise land exploitation severely disturbed the river flow amount
and hydrological process. Hence, awareness should be created for people about how
unwise usage of land can affect the river flow, and planned utilization should be the
responsibility of everyone who lives within the catchment.

¥~ The Robigumero watershed has most of the subbasin exposed to soil erosion. The
improper land use greatly impacted the rate of soil erosion. Hence, awareness should
be created for stockholders and people who live in the subbasin about how unplanned
usage of land can affect the rate of soil erosion and how to use erosion management
options. Utilizations should be the responsibility of everyone who lives within the

catchment.

&~ Further study should be conducted in the Robigumero catchment since this study
only considers land cover change impacts on stream flow and sediment yield and
best sediment management practices. Climate variability impacts on stream flow and

sediment yield also ought to be addressed.
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Appendix A

APPENDIXES

Table A 1 Description of weather generator parameters

Abbreviation Description

TMPMX Average or mean daily maximum air temperature for a month (0C)

TMPMN Average or mean daily minimum air temperature for a month (0C)

TMPSTDMX The standard deviation for daily maximum air temperature for a
month (0C)

TMPSTDMN The standard deviation for daily minimum air temperature for a
month (0C)

PCPMM Average or mean total monthly precipitation (mm H20

PCPSTD The standard deviation for daily precipitation for a month (mm
H20/day)

PCPSKW The skew coefficient for daily precipitation in the month

PR_W1 Probability of a wet day following a dry day in the month

PR_W2 Probability of a wet day following a wet day in the month

PCPD The average number of days of precipitation in the month

RAINHHM Maximum 0.5 hour rainfall in entire period of record for
month(mm H20)

SOLARAV Average daily solar radiation for a month (MJ/m2/day)

DEWPT Average daily dew point temperature in month (0C).

WNDAV Average daily wind for a month

Table A 2 Weather generated output data

Symbol Jan | Feb Mar | Apr | May | Jun June | Aug | Sep Oct | Nov | Dec
TMPMX 141 | 16.1 196 | 234 | 274 | 311 | 326 |323 |289 (243|187 | 147
TMPMN 35 |52 83 | 111|147 |180 |198 |198 |165 |116 |75 |41
TMPSTDM | 6.2 | 6.1 45 |42 |51 6.2 8.3 8.8 7.0 52 |48 |58
TMPSTDM | 5.3 |53 50 |48 |56 6.5 7.0 7.2 6.8 6.5 |57 |54
PCPMM 55.9 | 65.3 83.3 | 79.6 | 101. | 102.7 | 146.8 | 148.4 | 101.9 | 779 | 70.7 | 68.2
PCPSTD 53 |62 70 | 6.7 |85 8.3 9.4 9.3 8.0 76 |70 |6.2
PCPSKW 53 |46 44 |52 |56 4.6 35 4.1 4.2 6.3 |52 |46
PR_W1 0.2 |03 03 |04 |03 0.3 0.3 0.4 0.3 02 |02 |02
PR_W2 0.7 0.8 08 |07 |08 0.7 0.8 0.8 0.7 0.7 |08 |07
PCPD 14.7 | 15.2 169 | 16.9 | 173 | 154 | 17.7 195 | 157 125|144 | 14.2
RAINHHM |59 |73 87 |85 |111 |101 |10.2 |99 108 (87 |75 |71
SOLARAV | 116|133 16.0 | 194 | 222 | 236 | 220 |195 |18.2 |154 | 120 10.9
DEWPT 07 |07 07 |07 |07 0.6 05 0.5 0.6 06 |07 |07
WNDAV 3.7 |37 37 |34 |31 2.7 25 2.3 25 29 |33 |36
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Table A 3 Selected stream flow sensitivity parameters

Stream flow Initial range
sensitivity Sediment sensitive

No | Parameters parameters minimum maximum
SCS surface runoff curve

1 r__ CN2.mgt number -0.2 0.2

2 v__ALPHA_ BF.gw | Base flow of alpha factors 0 1

3 v__ GW_DELAY.gw | Groundwater delay (days) 30 450
Threshold depth of water

4 v__ GWQMN.gw in the shallow aquifer 0 5000
Ground water revap

5 v__ GW_REVAP.gw | coefficient -0.02 0.2
Threshold depth of water
in the shallow aquifer for

6 v__ REVAPMN.gw | "revap" to occur (mm) 10 350
Soil evaporation

7 v__ESCO.hru compensation factor. 0 1
Plant uptake compensation

8 v__EPCO.hru factor 0 1

9 r__SLSUBBSN.hru | Average slope length 10 150
Manning's "n" value for the

10 | v__ CH_N2.rte main channel. 0 0.3
Effective hydraulic
conductivity in main

11 |a_CH_Kz2.rte channel alluvium. 0 15
Alpha factor for bank

12 | v__APHA_BNK.rte | storage. 0 1
Saturated hydraulic

13 | r__SOL_K().sol conductivity. -0.25 0.25
Available water capacity of

14 | r__SOL_AWC().sol | the soil layer. -0.25 0.25

15 | r__SOL_ALB().sol | Moist soil albedo. -0.25 0.25
Depth from soil surface to

16 |r__SOL_Z().sol bottom of layer. -0.25 0.25

17 |r_SOL_BD().sol Moist soil bulk density -0.5 0.9

18 | v__ SURLAG.bsn Surface runoff lag time. 0.05 24

19 | a_ CANMX.hru Maximum canopy storage 0 10
Manning n value for over

20 | r_OV_N.hru land flow 0.01 30

21 | r__LAT _TTIME.hru | Lateral flow travel time 0 180
Deep aquifer percolation

22 | r_RCHRG_DP.gw | fraction 0 1
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Table A 4 Selected sediment sensitive parameters

No | Parameters Parameter description Range
min max
1 v_USLE_C().sol USLE equation soil erodibility (K) |0 0.65
factor
2 v__ CH_COVl.rte Channel erodibility factor -0.05 (0.6
3 v_USLE_P.mgt USLE equation support pra 0 1
5 v__LAT SED.hru Sediment concentration in lateral 0 5000
flow and groundwater flow.
6 v__SPEXP.bsn Exponent parameter for calculating | 0 1
sediment restrained in channel
sediment routing.
7 v__ CH_N2.rte Manning's "n" value for the main 1 15
channel
8 v__ CH_ERODMO().rte | Channel erodibility factor 0 1
9 | v_ADJ PKR.bsn Peak rate adjustment factor for 0 2
sediment routing in the subbasin
(tributary channels)
10 v_CH_COV2.rte Channel cover factor -0.001 |1
12 r_SPCON.bsn Linear parameter for calculating the | 0.001 | 0.01
maximum amount of sediment that
can be restrained during channel
sediment routing.
13 r _CN2.mgt SCS runoff curve number f -0.2 0.2
14 r_USLE-C (.)plant Min value of USLE C factor 0.001 |05
applicable to the land cover/plant.
r__SOL_K().sol Saturated hydraulic conductivity -0.25 |0.25
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Table A 5 Design Terrace and contouring runoff curve numer (CN) factors

Hydrological | Hydrological

Land use condition soil group Practice | CN
Closed seeding broadcasting

legumes or rotation good C Terrace 76
Closed seeding broadcasting

legumes or rotation good C Contour 78

Source Table 2 (Hwakis, 2008)
Table A 6 Effect of sediment managment practices
% of % of % of

Sub | Baseline | TERR | Reduction | VFS | Reduction | CONT | Reduction

2 314 13.1 58.2| 16.3 48.0 18.4 41.4
3 33.6 12.6 625 | 17.8 47.2 19.3 42.5
4 34.9 13.5 61.4| 18.3 47.5 20.6 40.9
12 11.3 2.7 76.4 6.0 46.7 4.8 57.0
14 12.0 2.5 79.4 6.3 47.8 5.3 56.4
16 13.8 3.4 75.4 7.4 46.4 6.0 56.5
17 15.9 3.7 76.6 8.5 46.7 6.8 57.4
20 28.8 7.4 743 | 16.3 43.6 12.2 57.7
21 34.5 8.6 75.1| 194 43.7 14.7 57.2
Avg 24.02 7.5 71.1| 129 46.3 12.1 51.9
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Appendix B1 Swat calibration and validation output
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Figure B 1 Swat cup output stream flow calibration graph
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Figure B 2 SWAT-CUP Stream flow validation graph
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Figure B 3 SWT-CUP Sediment yield calipration graph
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Figure B 4 SWAT-CUP Sediment validation graph
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