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1 INTRODUCTION 

1.1 Background 

Water resources are essential renewable resource that are basis for existence and 

development of a society. Proper utilization of these resources requires assessment and 

management of the quantity and quality of the water resources both temporally and 

spatially(Mohamed et al., 2018). Ethiopia experiences persistent land, water and 

environmental degradation due to localized and global anomalies. As a result, the country 

is prone to crop failures and food shortages, low soil fertility, combined with a temporal 

imbalance in the rainfall distribution. Hence, proper utilization of available water 

resources is vital for agricultural development and to achieve food security(Kefyalew 

2004). 

Ethiopia is dominated by the mountain landscape and rainfall and runoff. Mountains are 

the source of surface water for most part of Ethiopia (De Bruin, Trigo et al. 2010). 

therefore, understanding of rainfall-runoff processes is critical to erosion and increase 

agricultural productivity(Ayenew 2008).Hydrological studies are very important for water 

resources management. Hydrological modeling would be done by using many 

hydrological models which tried to identify the hydrological process(Fentaw, Hailu et 

al. 2018). 

The Upper Blue Nile basin in the Highlands of Ethiopia plays a basic role in the 

hydrology of the Nile region. More than 60% of the total Nile river stream flow that 

reaches Sudan and Egypt is generated in the Ethiopian part of the Blue Nile basin city. In 

the past, this hydrological imbalance has generated debate and discontent among the 

affected riverine countries. With climate change looming and uncertainty rising as to its 

potential impacts, research is needed that examines how possible changes might affect the 

region  and hydrological models are used to simulate catchment scale water resources 

(Fentaw, Hailu et al. 2018). Most of the developing countries in Africa like Ethiopia are 

more prone to the effects of extreme rainfall events. The different climatic variations are 

resulting extreme weather events which are producing high environmental problems like 
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flooding in the downstream areas and drought in the upstream (Ayenew 2008).Watershed 

scale hydrology is the major Environmental components that is greatly affected by climate 

and land use and land cover changes(Ayenew, Demlie et al. 2008). 

According to Mesfin (1972), Ethiopia is divided into three physiographic regions: the 

Northwestern plateau, the Southern plateau and Rift valley. The nine river basin drainage 

systems were derived from the 12 major river basins of the nation from centrally situated 

highlands and makes their way down to the peripheral or outlying lowlands. These 

significant permanent rivers, along with their numerous tributaries, create the countries 

drainage system carry their peak discharge. Therefore, owing to its topographic and 

attitudinal characteristics with the contribution of anthropological effects on the 

environment flooding as a natural phenomenon is not new to Ethiopia. It has been 

happening in many locations at various times, with differing intensities. Some regions of 

the nation experience severe flooding. Most prominent ones include:- extensive plain 

fields surrounding Lake Tana, which is feed by the perennial rivers of Megech, Gilgel 

Abay, Gumara and Ribb Rivers in Amhara Regional State (Ayenew, 2008). 

Rib watershed, which is located in south Gonder zone of the Amhara National Regional 

State. Rib River is the main river of the watershed that drains from the upper peak part of 

Gunna Mountain to Lake Tana, Farta, Fogera and some part of Estie wereda are part of 

this watershed.Downstream areas are routinely flooded by river overflows, which 

frequently results in life and property loss. Different hydrological studies were done to 

address these issues in Ethiopia has paid particular emphasis to the development of water 

resources since 1998(Andualem, 2020). Theearlier work indicates that the area is 

vulnerable to land degradation and silt runoff from the surface and that goes directly into 

the lake.  
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therefore be made while lying on a sound engineering bases providing with more 

confidence in decision to the implemented developments, governments, Researchers, and 

other sectors.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



6 

 

2 LITERATURE REVIEW 

2.1  Hydrological Processes 

Hydrologic process can be defined as the natural system in which water moves between 

land, atmosphere and the ocean cyclically. These cycles and the consequences of which 

now threaten the living existence of the hydrologic process of any typical watershed. 

Hydrologic cycle is composed of several natural processes which have interactions and 

they can be represented or simplified using a mathematical model (National Research 

Council, 1998). The following are the main components of hydrological cycle that have 

relation with runoff generation are; precipitation, interception, infiltration, evaporation, 

transpiration and runoff.  

Runoff means the draining or flowing of precipitation from a catchment area through a 

surface channel. It represents the output from the catchment in a given unit of time. 

Consider a catchment area receiving precipitation. 

Hydrological modeling is a strong technique for both research hydrologists and 

professional water resources engineers who are involved in the planning and development 

of an integrated approach to water resource management(Sui and Maggio 1999) 

HEC-HMS is a semi -distributed conceptual hydrological model which simulate run off. It 

requires daily precipitation, long term average monthly potential evapotranspiration, 

runoff flow of the basin (for calibration and validation), and geographical information of 

the basin to get the simulated runoff as output(Gebre, 2015). HEC-HMS model setup 

consists of a basin model, meteorological model, control specifications, and input data 

(Yener, Sorman et al. 2007). 

HEC-HMS is a software program that simulates the precipitation-runoff processes in 

watershed systems. It is the successor of HEC-1 and offers a similar range of possibilities, 

but represents significant advancement in terms of both computer science and 

hydrological engineering.in addition, it provides unit Hydrograph analysis, Hydrologic 
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and reservoir A linear quasi-distributed runoff transform for use with girded precipitation, 

as well as continuous simulation with either a one layer or more complex Five-layer soil 

moisture method, and a versatile parameter estimation option(Gautam 2015). The software 

is intended for usage in a multi-tasking, multi-user network environment and is compatible 

with both XP-Windows and Microsoft Windows. For modeling precipitation-runoff 

systems, HEC-HMS offers a number of solutions. In addition to unit Hydrograph and 

Hydrologic routing options similar to those in HEC-1, capabilities currently available 

include: a linear-distributed runoff transformation that can be applied with girded (e.g., 

radar) rainfall data, a simple "moisture depletion" option that can be used for simulations 

over extended time periods, and a versatile parameter optimization option (USACE 2000). 

The most recent version additionally offers features for persistent soil moisture accounting 

and restoration.  

The program is a generic modeling system capable of simulating a wide range of 

watersheds. A model of the watershed is created by segmenting the Hydrologic cycle into 

manageable pieces and drawing borders around the watershed of interest. The cycle's mass 

or energy fluxes can then be represented by mathematical model in most circumstances, 

numerous model possibilities are available for expressing each flux Each mathematical 

model included in the program is suitable in different environments and under different 

conditions. To make the best decision, you must understand the watershed, the goals of the 

Hydrologic research, and use engineering judgment. The program includes a database, 

data entry utilities, a computation engine, and results reporting capabilities, as well as a 

totally integrated work environment The usage of a graphical user interface provides for 

seamless transitions between different parts of the program. All supported platforms have 

the same program functionality and appearance. For precipitation- runoff routing 

simulation, HEC-HMS provides the following components: precipitation-specification 

options which can describe an observed precipitation event, a hypothetical precipitation 

event based on frequency, or an event that indicates the maximum amount of precipitation 

that can be expected at a specific location, or an event based on frequency. 

As water moves through stream channels, Hydrologic routing models account for storage 

and energy flux. 
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The results of the active run will be viewed and printed in tabular or graphical form. There 

are three different tabular data types: 

a master summary table with one line of text (1) of information for each Hydrologic 

element, (2) an element summary table with information tailored to the element type, and 

(3) an element time series table that shows results for each time interval. A graphical 

display is also available for each element type. 

2.3 Technical Capabilities 

Basin runoff modeling is based on the same core structure as HEC-1. SI (System 

International Units) units are used in calculations. You can, however, enter input and view 

output in US units. A simulation's execution, known as a "run," necessitates the provision 

of three sets of data. The first, dubbed Basin Model includes data on Hydrologic element 

parameters and connections. Sub-basin, routing reach, junction, reservoir, source, sink, 

and diversion are examples of element types on the other hand, the Precipitation Model set 

contains meteorological data as well as the information needed to process it. The model 

could be used to depict real-life or imaginary situations. Control Specifications, the third 

set, specifies time-related information for a simulation. A project is used to store several 

data sets and might have a large number of each type. 

2.4 Physical Description of the Watershed 

A basin model is used to depict the physical appearance of a watershed. To model runoff 

processes, Hydrologic elements are connected in a dendrite network. Sub-basin, reach, 

junction, reservoir, diversion, source, and sink are all available elements. Computation is 

carried out in a downstream fashion, starting with upstream items. To simulate infiltration, 

a variety of strategies are available. Initial constant, SCS curve number, gridded SCS 

curve number, exponential, and Green Ampt are all options for event modeling. For 

simple continuous  modeling, the one-layer deficit constant method can be used. For 

continuous simulation of complex infiltration and evapotranspiration systems, the five-

layer soil moisture accounting approach can be used. Both the deficit constant and soil 

moisture accounting approaches have gridded methods. Several strategies are included for 
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converting excess precipitation into surface runoff. The Clark, Snyder, and SCS 

approaches are examples of unit Hydrograph methods. S - Graph ordinates or user-

specified unit hydrographs can also be used. Mod Clark is a gridded meteorological data-

based linear quasi-distributed unit Hydrograph method. Also included is a kinematic wave 

technique implementation with multiple planes and channels. A number of hydrologic 

routing methods are included for simulating flow in open channels. The lag approach can 

be used to model routing with no attenuation The traditional Muskingum method, as well 

as the straddle stagger method, are included for basic attenuation estimates. A reach can be 

modeled as a series of cascading, level pools with a user-specified storage-discharge 

relationship using the modified Pulls method. The kinematic wave and Muskingum-Conge 

methods can be used to model channels with trapezoidal, rectangular, triangular, or 

circular cross sections. The Muskingum-Cunge method and an 8-point cross section can 

be used to modeled channels with over bank areas. 

Multiple methods are included for representing base flow contributions to sub-basin 

outflow. From a single or many sequential events, the recession approach produces an 

exponentially decreasing base flow. The constant monthly method works well for 

continuous simulation. By directing infiltrated precipitation to the channel, the linear 

reservoir method conserves mass. 

2.5 Meteorology Description 

Meteorological data analysis is performed by the meteorological model and includes 

precipitation, evapotranspiration. Four different methods for analyzing historical 

precipitation included. For precipitation data evaluated outside of the program, the user-

specified hyetograph method is used. The gage weights approach uses an infinite number 

of recording and non-recording gages to achieve the desired result. One method for 

determining the weights is the Thiessen Methodology. The inverse distance approach is 

used to solve problems with dynamic data. When missing data is detected, an unlimited 

number of recording and non-recording gages can be employed to automatically proceed. 

Radar rainfall data is used in the gridded precipitation approach. 
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2.6 Hydrologic Simulation 

The Control requirements determine how long a simulation will last. A starting date and 

time, an ending date and time, and a time are all included in the control criteria. 

Combining a basin model, meteorological model, and control results in a simulation run. . 

Run options include the ability to preserve all basin state information, a precipitation or 

flow ratio, etc. at a point in time, and ability to begin a simulation run from previously 

saved state information. The basin map allows you to view the outcomes of the 

simulation.  Global and element summary tables include information on peak flow and 

total volume. For each element, a time-series table and graph are supplied. Viewing the 

results of numerous simulations runs and elements is also possible.  All can print any 

graphs and tables. 

2.7 Parameter Estimation 

The majority of sub basin and reach element parameters can be determined automatically 

through optimization trials. Before optimization may begin, at least one element must 

have observed discharge. It is possible to estimate parameters at any point upstream of the 

observed flow position. To measure the goodness-of-fit between computed findings and 

observed discharge, six different objective functions are given. To minimize the objective 

function, two distinct search approaches can be used. Constraints can be used to limit the 

search method's parameter space. 

2.8 Analyzing Simulations 

Analysis tools are meant to be used in tandem with simulation runs to provide additional 

data or processing. The depth-area analysis tool is currently the only tool available. It 

works with simulation runs that use the frequency storm method and a weather model. The 

program automatically modifies the storm area and generates peak flows represented by 

the correct storm areas based on a selection of elements.  
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2.9 GIS Connection 

The program's strength and speed allow it to depict watersheds with hundreds of 

hydrologic features. Previously, these features were discovered by inspecting a 

topographic map and manually determining drainage boundaries. this method is effective; 

it takes an inordinate amount of time when the watershed is represented with. A 

geographic information system (GIS) can execute the same operation much more quickly 

by using elevation data and geometric algorithms. To aid in the production of basin 

models for such projects, a GIS companion product has been developed. The Geospatial 

Hydrologic Modeling Extension (HEC-GeoHMS) is a tool for creating basin and 

meteorological models that can be used with the program. Remote sensing data and 

geographic information systems are increasingly becoming an important tool in 

Hydrology and water resources development. This is because remote sensing images can 

easily provide the majority of the data needed for hydrological analysis. The greatest 

advantage of using Remote sensed data for hydrological modeling is its ability to generate 

information in spatial and temporal domain (DHANUKA 2006), which is very crucial for 

successful model analysis, prediction and validation. 

2.10 HEC-GeoHMS version 4.1 Beta 

The HEC-GeoHMS software package is designed to work with the ArcGIS Geographic 

Information System GeoHMS develops a multitude of hydrologic modeling inputs using 

ArcGIS and Spatial Analyst. Using digital topography information, HEC GeoHMS 

converts drainage pathways and watershed borders into a hydrologic data structure that 

describes the watershed response to rainfall. In addition to the hydrologic data structure, 

capabilities include the development of: grid-based data for linear quasi distributed runoff 

transformation HEC-HMS basin model, physical watershed and stream characteristics, 

and background map file (Gautam 2015). 

HEC-GeoHMS is a graphical user interface that includes menus, tools, and buttons to 

provide an integrated work environment with data management and configurable toolkit 

capabilities. The application has terrain preparation capabilities in both interactive and 
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volcanic activity and substantial faulting activity and uplift. Several shield volcanoes, also 

consisting of alkali basalt and fragment material, cover the center and the upper part of the 

Blue Nile basin. Over two third of the upper Blue Nile is covered by Cenozoic basalt and 

ashes (Abebe, Mazzarini et al. 1998).The geology of Lake tana Basin comprises a 

basement of Precambrian bedrock, overlain by Mesozoic sediments, Tertiary volcanic and 

minor sediments, Quaternary volcanic and recent alluvial sediments (SMEC, 2007). 

Ongoing tectonic activities has controlled the distribution of the rock formation and 

controlled the current configuration of the basin. The basement rocks in the Tana Basin 

comprise Precambrian metamorphic and granitic rocks which occur in the sub-surface of 

the basin(Ayenew, Demlie et al. 2008). The thickness of sediments overlying the 

Precambrian basement and underlain 0-250 m thick continental flood basalt averages 1.5-

2 km, which is comparable to the Blue Nile strati graphic section, south of the area (Belete 

2014). 
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3.1.1 Climate 

The upper Blue Nile (Lake Tana basin) receives its highest precipitation in the main rainy 

season from the Atlantic equatorial western air currents which provide the main rainfall in 

summer seasons from June to September(Korecha and Barnston 2007). The rainfall in the 

dry seasons especially in February, March and April is very small. Air flowing during the 

rain season dominated by a zone of  convergence in low pressure systems accompanied by 

the oscillatory Inter Tropical Convergence Zone (ITCZ) extending from west Africa 

through the north Ethiopia moves towards south east of the country(Legesse, Vallet-

Coulomb et al. 2003). The study area has uni modal rain fall characteristics of peaking in 

July. The main rain months are from June to September; whereas the dry months are from 

October to June(Taddese 2001). 

The movement of these objects governs the spatial and temporal variance of rainfall in 

Ethiopia.  of the position of the Inter Tropical Convergence Zone,  ITCZ  (Tenalem  and  

Tamiru,  2001). The climate in the study area is largely influenced by westerlies air from 

Atlantic Ocean and minor rain is influenced by air movement from Indian Ocean. The 

sources for almost all rain in Ethiopia are the Indian and Atlantic Oceans The Indian and 

Atlantic Oceans are the sources of moisture for almost all rains in Ethiopia (Degefu 1987). 

The amount of rainfall in Ethiopia is influenced by the location of the place relative to the 

source of moisture, the direction of winds and topographical relief. Based on the general 

classification of Agro- climate zone (on the bases of annual rainfall, temperature, length of 

growing period and plant types), the year is divided into two seasons: a rainy season 

mainly is on the months of June to September, and a dry season is from October to March. 

Ethiopian Meteorological Agency monitors roughly 9 meteorological stations in the study 

region and its surrounds. Bahir Dar and Debre Tabor are first-class stations, while others 

are second and third-class. Generally, there is data limitation on second- and third-class 

stations. The problem is more pronounced on the third classes namely Alem Ber and 

Gassay. Bahir Dar and Debre Tabor are the only stations where measurements of pitch 

evaporation, wind speed, humidity the remaining stations only have rainfall or rainfall and 

temperature data; the remaining stations only have rainfall or rainfall and temperature 

data.Rainfall distribution along with the slope gradient directly affects the infiltration rate 
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of runoff water hence increases the possibility of groundwater potential zones(Worqlul, 

Maathuis et al. 2014).Using a rare set of coincidental observations of daily rainfall and 

groundwater levels in a seasonally humid equatorial basin (Upper Nile), we show that the 

magnitude of groundwater evaporation and  recharge events is better related to the sum of 

heavy rainfall events(Haile, Rientjes et al. 2009). 

3.1.2 Soil 

The soil resource data of the basin is classified in to different hydrologic soil groups by 

using look up tables (i.e. internationally developed hydrological soil group classification 

tables). Hydrologic soil groups are group of soils having similar runoff potential under 

similar storm and cover conditions. The minimum rate is influenced by soil characteristics 

that affect runoff potential of infiltration for a bare soil after prolonged wetting and when 

not frozen. These characteristics include permeability, intake rate, and depth to a seasonal 

high-water table after prolonged wetting, and depth to a very slowly permeable 

layer.Based on this information Hydrological soil group was assigned for each soil type 

which is later used for computation of Curve Number (CN) to be used in the SCS method 

of runoff estimation. 

Soil characteristics invariably control penetration of surface water into an aquifer system 

and they are directly related to rates of infiltration, percolation and permeability(Mol and 

Keesstra 2012). Soil is the one of the primary factors which determines the amount of 

groundwater, the study of soil helps to find out the types and as its properties. The 

infiltration of surface water into the ground and the movement of ground water are based 

on the porosity and permeability of soil. Determining the amount of ground water in any 

particular location requires studying the soil, for this reason(Mol and Keesstra 2012). 

Before water recharges the aquifer system, soil holds water in its pores.  The amount of 

evapotranspiration from soil is controlled by the soil attribute such as soil texture, soil 

structure and soil moisture content because ability of soil stores water and transports water 

is different for every soil. Deeper soil has a larger soil moisture reserve than thinner soil, 

which can supply more water to evaporate. Therefore, soils of the same hydrologic 

conditions are grouped together for the purpose of the model simulation. Soils in most of 
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the Lake Tana Sub Basin are derived from weathered basalt profile and are highly 

variable(Abate, Nyssen et al. 2017).  

The infiltration of surface water into the ground and the movement of ground water are 

based on the porosity and permeability of soil. Therefore, the study of soil is important to 

determine the amount of ground water of any place(Chen and Hu 2004) 

Fluvisols accommodate a zonal soil in alluvial deposits that is genetically young. The 

name fluvisols may be misleading in the sense that these soils are not confined only to 

river sediments Latin fluvius, river (Barzegar, Hashemi et al. 2004). they also occur in 

lacustrine and marine deposits and environmentally found in alluvial plains, river fans, 

valleys, and tidal marshes on all continents and in all climate zones; many fluvisols under 

natural conditions are flooded periodically(Wale, Rientjes et al. 2008). 

Leptosols are very shallow soils over continuous rock and soils that are extremely gravelly 

and/or stony. Leptosols are particularly common in mountainous regions. Leptosols are 

found in all climate zones (mostly found in hot or cold dry regions), in particular in highly 

eroded areas(Setegn, Srinivasan et al. 2008). 

Luvisols are soils that have higher clay content in the subsoil than in the topsoil. Luvisols 

have high-activity clay throughout the agaric horizon and a high base saturation at certain 

depths. These soils are most common in flat or gently sloping land in cool temperate 

regions and in warm regions with distinct dry and wet seasons(Worqlul, Collick et al. 

2015). 

Nitisols are deep, well-drained, red, tropical soils with diffuse horizon boundaries and a 

subsurface horizon with more than 30 % clay and moderate-to strong angular blocky 

structure elements. Weather is relatively advanced, but Nitisols are far more productive 

than most other red, tropical soils. Nitisols are predominantly found in level to hilly land 

under tropical rain forest or savannah vegetation(Senti, Tufa et al. 2014). 

Vertisols are churning, heavy clay soils with a high proportion of swelling clays. When 

these soils dry out, deep, wide fractures start at the surface and extend downward happens 

in most years. They are found in depressions and level to undulating areas, mainly in 
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tropical, subtropical, and semiarid to sub-humid and humid climates with an alternation of 

distinct wet and dry seasons(Setegn, Srinivasan et al. 2008). 

 

Figure 2Soil map of Rib watershed 

Rib watershed is mainly formed from Eutric Leptosol the main soil type in the watershed. 

The two soil types cover almost 50% of the area. Eutric Fluvisols are another type of soils 

which dominated the catchment. Fertile soils present in the plain are the basis for good 

harvests of barley, rice, millet, maize, teff, whilst there is widespread rice production by 

smallholders on irrigated land.  A highly unusual crop for Ethiopia, introduced in the zone 

by schemes in recent decades. The primary food crops are maize, barley, and millet, while 

rice, vetch, and chickpea are the major  main cash crops(Belete 2014).  

3.1.3 Land use /Land cover 

One of the main causes of fluctuations in the hydrological parameters is land use change 

of a watershed. The basin is an agricultural catchment; hence the land use and cove 
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conditions are changing. With the information derived from remotely sensed data and 

conventional data stored in a GIS, land cover change and its impacts was identified Land 

use and Land cover information are equally useful as the soil data and hence accurate 

identification of land use and land cover information has a major impact on the runoff 

estimation result. In addition to the information on land use and cover that is available that 

was , further validation and correction has been carried out with the help of Landsat ETM 

images. The Landsat data were classified using a hybrid strategy that used supervised and 

unsupervised methods image was classified according to the pixel values. Finally, a 

modified land use and land cover maps will be produced. 

Land use and land cover affect evapotranspiration, runoff, and recharge of the 

groundwater system (Ebabu, Tsunekawa et al. 2019). Because of the time lag between 

surface water processes, including infiltration and the actual groundwater recharge 

arriving at the water table. it is very important to take into consideration historic land use 

and land cover changes when estimating representative Evaporation rates. It is equally 

important to consider future land use changes when making predictions or when modeling 

groundwater availability. 

Most of the Lake Tana Sub Basin is characterized by cropland with scarce woodlands 

while only few limited areas of highlands are forested (less than 1% of the basin). The 

major land cover types are cropland 45%, woody land 18% water body (20%), Grass land 

(13%), and bare land (2%) Forest (1%), and urban and built 0.2 %,(Wale, Rientjes et al. 

2008). 

Table 1Description of Major Land Cover Types Lake Tana Catchment area 

Major Land Cover Description 

Bare Land Completely uncovered with vegetation 
Crop Land Areas used for the production of crop 
Forest Trees and other plants in a large densely wooded area 
Grass Land A biome that is covered with Grass 
Urban or Built Up Related to a city or densely populated area 
Water Body  Lake and River 
Woody Savannah Characterized by the trees being sufficiently small 

 or widely spaced 
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Figure 3Land use map of Rib catchment (source; Habtamu 2020) 

3.1.4 Slope 

Slope is the change in elevation in a certain area that affects water storage capacity of the 

soil or green water storage (Naghibi et al., 2016).It is one of the elements that affects the 

flow's surface velocity. The higher portion of the research area has the largest slope 

gradient, while the lower slope gradient is found in lower parts of the study area. Water 

moves slowly down moderate slopes, enhancing the ability for infiltration of the soil. On 

the other hand, the steep slope increases runoff and decrease percolation and infiltration 

into the ground(Setegn, Srinivasan et al. 2008).Slope defines the variation of elevation in a 

particular area which influences the runoff (Tongal and Booij 2018).The slope of a 

watershed is a crucial factor since it indicates the kinetic energy available for water to 

move towards the basin outlet, and it has been found to be related to total runoff and base 

flows (Reddy, 2001). In this study, the slope's primary function is to quantify the degree of 
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surface depression storage. Slope roughness causes friction between the ground and air 

passing over it and causes atmospheric that increases evapotranspiration (Rahmati, 

Pourghasemi et al. 2016). Slopes that are too steep encourage runoff to form.  Areas with 

steep slopes generally have high altitudes and high rainfall,south and south east high land 

of the study area in the Lake Tana basin there are areas with slopes greater than 5% 

(Setegn, Srinivasan et al. 2008). 

Typically, water moves slowly down mild slopes, allowing more percolation to occur into 

the ground. On the other side, there was a decrease in percolation and an increase in runoff 

due to steep slopes and infiltration into the ground. The higher is the slope, the more is the 

rate of runoff and erosion and the less the permeability, (Magesh et al., 2012).  Surface 

runoff usually in areas with gentle slope usually has more time to penetrate, so it helps to 

recharge groundwater(Abdalla 2012). The slope (%) of the area around Lake Tana is 0- 1 

(Ebabu, Tsunekawa et al. 2019). 

 

Figure 4:  Geologic map of Rib catchment (Source; Seleshi Mamo 2021) 

3.1.5 Topography 

Rib watershed is a land with varying topography ranging from 1778 masl on the flood 

plain near to Lake Tana to 3707 masl at the high plateau of Gunna Mountain (Moges, 
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2017). Tertiary volcanism and subsequent weathering and denudation processes are 

responsible for the present-day landscape of the area. The high to low relief dissected hills 

and mountains are the result of volcanism. Erosion and deposition by Major Rivers are 

forming relatively wide, flat and marshy flood plains. The topography of the area has an 

important contribution for surface runoff and soil erosion processes. As a result, the area's 

topography significantly influences the production of runoff from precipitation 

3.1.6 Geology 
The area is comprising of basaltic and acidic lava flows and falls such as ignimbrite and 

pyroclastic falls. It is also consisting of lacklustre sediments of various sizes ranging from 

clay through sand and gravel to boulders, especially concentrated along rivers and streams 

as well as along the side of the lake as a result of recession. Two significant geological 

formations, the Tarmaber and the Basin, dominate the majority of the basin.  Basalts and 

Basalts related to volcanic center (BCEOM, 1998; Chorowiz et al., 1998). The basin's 

northern, western, and southern ends are all covered in Tarmaber Basalt.  The lowland 

covered by thick Quaternary Alluvial deposit, lacustrine de-posits and Colluvium forms 

the major aquifers zone. Basalts related to volcanic centers predominantly containing 

scoriaceous basalt covers the southern part of the Tana basin. As indicated on the 

geological map (Fig. 4), the Amba Aiba Basalts, Lateriteon Amba Alaji Rhyolite and 

Ashangi Basalts are sparsely distributed in the basin.Hydro geologically, there are three 

major aquifer systems, the Tertiary Volcanic, the Quaternary Fractured Vesicular Basalt 

and the Quater-nary Alluvial deposits (Smec, 2007; Bceom, 1998; Sogreah, 2013). 

3.2 Data collection andanalysis 

For proper implementation of the proposed study, materials are required for data 

collection, processing and evaluation.  The materials used for this study were presented in  

Table 2 Different Data sources and support tools used for study 

No Type data Source Purpose 

1 STRM DEM https://earthexplorer.usgs.gov/ For Arc GIS 

2 Soil MoWRIE Soil map 
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3 Weather Data Metro logical stations Input for ArcGIS 

4 Land use Land 
Cover Data 

MoWRIE Land cover map 

Table 3Different decision support tools used for this study and their purposes 

No Software Name Purpose  

1 ARC GIS10.8 Preparation of maps of study area 

2 HEC-HMS simulate the precipitation-runoff processes 

 End Note X7 Citation and References 

 

3.2.1 Climate Data 

Within the study region and its surrounds, there are roughly 9 meteorological stations by 

Ethiopian Meteorological Agency.Bahir Dar and Debre Tabor are first-class cities, whilst 

the others are second- and third-class stations.On second and third class stations, there is 

typically a data cap. The problem is more pronounced on the third classes namely Amed 

Ber and Gassay. Bahir Dar and Debre Tabor are the only stations where measurements of 

pitche evaporation, wind speed, humidity and sunshine hourís data are available; the 

remaining stations contain either rainfall or rainfall and temperature data only.  

3.2.2 Rainfall 

In the catchment, the annual rainfall depth varies from 1100mm to 1500mm per year.The 

mean annual rainfall of the area is 1279mmthough there is slight spatial variation with in 

the area. The highest rainfall is occurring in the months of June, July, August and  

September.As shown in Figure 1.4, the rainfall distribution over the catchment is mono-

modal; nearly 79% of the annual rainfall occurs from June to September.  Peak flow in the 

River occurs in August with average monthly flow of 52m3/s. 
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3.3 Research Approaches 

The methodology applied to the rainfall-runoff estimation of Rib watershed is conducted 

by integrating GIS and Remote sensing techniques with HEC-HMS hydrologic modeling 

software.  HEC-HMS is a very flexible program that allows the user to choose among 

different loss rate, sub-basin routing, and base flow models for the sub-basins, as well as 

different routing methods for the reaches. The HEC_HMS depend on hydrologic 

parameters that cannot be extracted from readily available spatial data. Hence, to make the 

spatial data readily available to the model the integration of ArcGIS9.1 with its water 

resource utility extensions namely AP frame work -9, Arc Hydro -9 and HEC-GeoHMS 

4.1 v. beta are vital.Using these software, the HEC-HMS watershed's geographic 

characteristics can be determined rainfall-runoff modeling is the first precondition to 

accelerate the process.  The process of generating input data for the basin component and 

the overall activities of the research is set here in the diagram below. 
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Figure 6 Schematic diagram showing the overall research methodology approach. 
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3.4.4 Raster-Based Terrain Analysis 
Digital elevation model (DEM) from the Shuttle Radar Topography Mission (SRTM) with 

spatial resolution of approximately 90 meters were obtained and pre-processed to fill 

missing void pixels and to geometrically correct into the required projection. This data 

was then used to identify the watershed geometry and the drainage pattern of the study 

area ArcHydro utility was used to delineate the catchments in to selected spatial resolution 

and based on specified watershed division points. It is a GIS based geospatial and 

temporal data model for water resources. ArcHydro is a Geo database design and a set of 

accompanying tools geared for support of water resources applications in GIS 

environmental(Mitasova, Overton, Recalde, Bernstein, & Freeman, 2009). These tools can 

be used to process DEM data to produce watershed and drainage pattern networks. The 

ArcHydro tool set has been developed jointly by ESRI and CRWR. It has five menus. This 

work does not use the Watershed Processing tools. All other tools used for this project are 

discussed below 

3.4.5 Terrain Pre-processing 
It is utilized to prepare the unprocessed DEM for additional investigation. Flow Direction, 

Flow Accumulation, Fill Sinks, and DEM Reconditioning are the primary phases stream 

definition, stream segmentation, catchment grid delineation, catchment polygon 

processing, drainage line processing and ad-joint catchment processing. 

The DEM reconditioning; referred to as burning the DEM with the stream is done to 

raise the elevation of the cells that surround the stream. This is done to make sure that the 

stream captures all of the water that falls on the basin and the stream follows the same 

path as in a topographic map.  

Fill Sink: The Reconditioned DEM's sinks are all filled using the Fill Sinks tool.Any cell 

that has a value lower than all eight of its neighboring cells is referred to as a drain. The 

value of the lowest neighboring cell is added to its value.  Each cell in the grid is given a 

flow direction value by the flow direction tool, according to the eight direction pour point 

method. 

Flow Direction: Flow Direction: The Hydro DEM tag's Flow Direction function requires 

a grid, like and computes the corresponding flow direction grid ("Flow Direction Grid" 
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catchment the cell belongs. The value corresponds to the value carried by the stream 

segment that  area, defined in the stream segment link grid. 

Catchment polygon: The Catchment Polygon Processing function (Terrain Pre-processing 

menu) takes as input a catchment grid (catchment Grid" tag) and converts it into a 

catchment polygon feature class ("Catchment" tag). The adjacent cells in the grid that have 

the same grid code are combined into a single area, whose boundary is vectorized. The 

single cell polygons and the "orphan" polygons generated as the artifacts of the 

vectorization process are dissolved automatically, so that at the end of the process there is 

just one polygon per catchment. Drainage line Processing: The Drainage Line Processing 

function (Terrain Pre-processing menu) converts the input Stream Link grid into a 

Drainage Line feature class. Each line in the feature class carries the identifier of the 

catchment in which it resides rain. 

 

Figure 8 Drainage map of Rib Catchement 
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Adjoint Catchment processing: The Adjoint Catchment Processing function (Terrain 

Pre-processing menu) generates the aggregated upstream catchments from the 

"Catchment" feature class. A polygon depicting the entire upstream area should be created 

for each catchment that is not a head catchment area draining to its inlet point is 

constructed and stored in a feature class that has an "Adjoint Catchment" tag. The point 

delineation process is expedited by the use of this feature class.  

3.5 Raster-Based Sub-Basin and Reach Network Delineation 

HEC-GeoHMS is a set of Geographic Information System (GIS) procedures, tools, and 

utilities that allow the user interactive data management and processing for use in 

Hydrologic Modeling System (HEC-HMS). It allows the user to interactively delineate 

sub basins from a DEM and calculates physical characteristics used for computation of 

Hydrologic parameters. The GIS sub basin and stream themes are then used to generate 

Hydrologic schematic from which input files for HEC-HMS can be generated. GeoHMS is 

not a replacement for HEC-HMS data editor, but rather it supplements it by providing 

simple export of spatial data about the Hydrologic system that can be obtained from GIS. 

HEC-HMS still needs to be used to define which Hydrologic techniques to use, to enter 

Hydrologic parameters, and to define the model runs. GeoHMS does not provide any 

custom tools for HEC-HMS results processing. GeoHMS is an extension to be used with 

ArcGIS (version, 9.1) with Spatial Analyst Extension. Other required components are 

defined in the installation package. The HEC-GeoHMS Main View toolbar contains 

functions allowing defining and generating Geo-HMS projects. These functions are 

available in the HMS Project setup menu and as tools on the toolbar. The HMS Project 

Setup menu (Main View toolbar) contains a set of functions allowing defining and 

generating a new project. Geo-HMS manages the input/output to the tools by using tags 

that are automatically assigned by the functions to the selected inputs and outputs. A tag 

may be used as input by one function and as output by another one. For example, the 

"Project Point" tag is an output from Start New Project, and an input to Generate Project. 

The Data Management function in the Main View toolbar provides a global view of the 

tags assignments for that menu in the active Map/Data Frame. The function also allows 

assigning, reassigning or resetting the tags. A tag may be reset by selecting "Null" as the 
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corresponding layer. When a reset tag is used as output, the function presents the user with 

default layer name associated to the tag. The DEM cells that form the reaches are defined 

as the union of two sets of grid cells. The first set consists of all cells whose flow 

accumulation is greater than a user-defined threshold value. This set identifies the reaches 

with the largest drainage area, but not necessarily with the largest flow because flow 

depends on other variables that are not related exclusively to topography. The second set 

is defined interactively by the user by clicking on a certain point on the map, which results 

in an automatic selection of all downstream cells. This capability allows the user to select 

a particular reach, which might have a small drainage area (low flow accumulation), 

without having to lower the threshold value for the entire system and defining 

unnecessarily a denser reach network. After the reach cells have been defined, a unique 

identification number or grid code is assigned to each reach segment. 

3.5.1 Vectorization of Sub-Basins and Reach Segments 
Because each Hydrologic Element in HEC-HMS uses lumped models, Hydrologic 

Parameter have to be calculated for the sub-basins and reach segments, and not for the 

individual grid cells. After the reach segments and their corresponding drainage areas have 

been delineated in the raster domain, a vectorization process is performed using raster-to-

vector conversion functions. This process consists of creating a poly lines feature data set 

of reaches, and a polygon feature data set of sub-basins. The grid code values are then 

copied to the feature's attribute tables data sets, thus preserving a way to directly link sub-

basins and reaches. Additional vector processing.It could be essential to combine hanging 

polygons to make sure that each sub-basin is represented.  by a single polygon, and that 

the one-to-one reach/sub- basin relation established in the raster domain is preserved in the 

vector domain (Olivera etal. 1998a). 

However, by combining nearby sub-basins, the one-to-one relation between reach and 

sub-basin can be eased  polygons, so that a sub-basin contains more than one reach.In this 

situation, a new column is required in the reaches' attribute table to account for everything 

for the grid code of the sub-basin in which the reach is located after merging polygons. 

The polygons must have the same outlet or drain one in the same direction in order to 

combine two sub-basins.    
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Additionally, HEC-GeoHMS is capable of listing all the sub-basins for each sub-basin 

polygon located upstream of it, so that they can be easily retrieved when delineating a 

watershed from a point. 

3.5.2 Computation of Hydrologic Parameters of Sub-Basins and Reaches 

The characteristics of the sub-basin that HEC-GeoHMS calculates are area, lag-time, and 

average curve number. Other factors like the length and slope of the longitude are 

necessary for measuring the lag-time flow path, are also calculated and stored in the sub-

basin attribute table. It can only depend on spa depending on the technique used to 

determine the lag-time data, i.e., DEM, land use, and soils, or it might need further 

information from other sources. The average curve number can be used to determine the 

strength of a signal, depending on the approach chosen lag-time and the sub-basin loss 

rate. The average of the curve number values within the sub-basin polygon is used to 

calculate CN. A curve number grid is calculated using land use data described by 

Anderson land use codes, percentage of Hydrologic soil group (A, B, C and D) according 

to FAO soils data, and a look-up table that relates land use and soil group with curve 

numbers Loss rate in the sub-basins can be calculated with either of the following 

methods: the SCS curve number method for which the average curve number is 

calculated, or the initial plus constant loss rate method for which the initial and constant 

rate values have to be supplied by the user. It is likely that in a near future it will be 

possible to establish a relation between terrain properties and loss rate parameters. 

3.5.3 Extraction of Hydrologic Sub-System 

Extraction of a Hydrologic sub-system consists of detaching from the overall study area a 

set of sub-basin polygons and corresponding reach poly lines for further Hydrologic 

analysis with HEC- HMS.Sub-systems can be defined either by: (1) manually selecting the 

sub-basin polygons, or (2) manually selecting the most downstream sub-basin polygon 

(and automatically selecting the sub- basin polygons of its contributing drainage area). 

The first method is more flexible, although more tedious to implement. It has no 

restriction on the polygons that can be selected, and supports the use of inlets (sources 

according to the HEC- HMS terminology) to represent areas draining to the sub-system. 

Reach poly lines contained within -- as well as those draining towards -- the selected 
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polygons are selected automatically. Reach poly lines draining towards the selected 

polygons are used to identify the sub-system inlets.  

The second approach is less adaptable but simpler to use.  It recognizes and automatically 

determines the downstream sub-basin polygon after being explicitly selected and selects 

all the sub-basin polygons located upstream, and consequently does not support the use of 

inlets. The reach polygons within the chosen polygons are automatically chosen. When 

working with a sizable number of polygons in the study, this strategy is practical.  

3.5.4 Topological Analysis and Preparation of HEC-HMS Basin File 
Determining the element locations is the first step in establishing the topology of the 

Hydrologic system. positioned after each component. No uncertainty exists because the 

HEC-HMS Hydrologic schematic only permits one downstream element is introduced in 

this process. An ASCII file is then used to create the system topology using the sub-basin 

and reach data set file readable by HEC-HMS is used to record the type (i.e.,, sub-basin, 

reach, source, sink, reservoir or junction), Hydrologic variables, and downs element of 

each Hydrologic element of the system.Sub-basins are represented graphically using a 

background map file, which is also readable by HEC-HMS.  and reaches, and ease the 

identification of Hydrologic elements. The basin component of HEC-HMS receives its 

input from these files.  

3.5.5 User-Specified Gage Weighting 
The weighted average of gage precipitation is used to create sub-basin precipitation time 

series.A set of weights that accurately represent the relative significance of the 

precipitation are used for this purpose at each gage on the precipitation of each sub-basin 

is calculated. Precipitation time series at the gages are stored in Data Storage System 

(DSS) format(Brunner, 1995). 

A group of points denoting gauges for which precipitation time series are known can be 

used to: Thiessen polygons are used to establish the area of influence of each precipitation 

gage. By drawing perpendiculars at the segment's midpoints, Thiessen polygons are 

created that connect the gages, so that all points within a polygon are closer to the polygon 

gage than to any other gage. The sub-basin polygons are intersected with the Thiessen to 

create a new set of smaller polygons defined in such a way that each new polygon is 
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related to one (and only one) Thiessen polygon and one (and only one) sub-basin polygon. 

the proportion of a new polygon's area to that of the matching sub-basin polygon 

represents the weight of the gage for the sub-basin.  

 After establishing the weight values based on the sub-basin and Thiessen polygon data 

sets, an ASCII file -- readable by HE HEC-HMS is used to record the gage and sub-basin 

information. The Gage information includes the name, address, and kind (i.e., reference to 

the precipitation time series in the DSS file, whether incremental or cumulative  file.  

The sub-basin name or identification code and the number make up the sub-basin 

information the name of each gage with its corresponding weight. 

 To calculate these parameters, three data sets are defined: (1) sub-basin polygons, (2) 

precipitation cell polygons, and (3) flow length downstream to the sub-basin outlet grid. 

Precipitation cell polygons and sub-basin polygons are crossed to produce a new set of 

polygons, which are complete cells in case they were completely within a sub basin, or 

fractions of cells in case they were partially contained by two or more sub-basins. These 

new polygons are each referred to as Grid Cells, and each one (and only one) sub-basin 

polygon. The mean is used to compute the average distance between the Grid Cell and the 

sub-basin outlet of the flow-length grid values within the Grid Cell. 

 After establishing the Grid Cell parameters, an ASCII file -- readable by HEC-HMS -- is 

used to record the sub-basin and Grid Cell information. The sub-basin information 

consists of the sub- basin name. The Grid Cell information consists of the location, area 

and distance to the sub-basin outlet. 

3.6 Rainfall-Runoff Modeling Processes 

3.6.1 The HEC-HMS Model 

The relationship between the recorded rainfall, runoff and sediment yield in the Upper Rib 

watershed has been done. Rainfall has showed a direct relationship with runoff; when the 

rainfall has increased the runoff also increased. During dry season the runoff has been 

decreased with the rainfall. The water balance components of Upper Rib watershed was 

determined from the spatially semi-distributed model results. The major components 
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which are found in Upper Rib watershed were precipitation, surface runoff, lateral flow, 

deep recharge and evapotranspiration. 

The primary, basic Hydrologic   model was composed with the help of the HEC-GeoHMS 

interface of Arc GIS 9.1 software using DEM of the region. The Gaged watershed was 

divided into 10 sub-basins (shown in Figure 18) representing the main tributaries of the 

Rib river. Then it was supplemented by suitable models of the catchments components as 

Models that compute runoff volume (loss rate): SCS Curve number, Models of direct 

runoff (overland flow and inter flow transform): SCS Unit Hydro graph and Models of 

base flow: Recession. A number of options are available when simulating the 

precipitation-runoff process using the HEC-HMS model processes. The Hydrologic 

elements are arranged in a dendrite network, and computations are performed in an 

upstream-to-downstream sequence. Computations are performed in SI units. Three sets of 

data must be specified before a simulation may be run.  The first, labeled Basin Model, 

includes connectivity and parameter information for Hydrologic elements; types of 

elements are: sub-basin, routing reach, junction, reservoir, source, sink and diversion. The 

second set, called Precipitation Model, is made up of meteorological information and 

statistics required to process them. The model depicts actual or fictitious circumstances. 

Time-related details for the system are specified in the third set, titled Control 

Specifications simulation. There may be several data sets of each category in a project. 

One data set is used for the basin model, the precipitation model, and the control 

specifications. 

To transfer the generated data layers as shape files into the HEC-HMS interface, the HEC- 

GeoHMS interface on ArcGIS software was used. The HEC-GeoHMS utility, on Arc GIS 

software interface, was designed and developed to extract topographic, topological and 

Hydrologic information from digital spatial data of a Hydrologic system. 




















































