ISSN: 0975-833X

Available online at http://www.jo urnalcra.com

INTERNATIONAL JOURNAL
OF CURRENT RESEARCH

International Journal of Current Research
Vol 12, Issue, 08, pp.13351-13358, Aug ust, 2020

DOI: https://doi.org/10.24941/ijer .39529.08.2020

RESEARCH ARTICLE

MORPHOMETRIC ANALYSIS OF RUNOFF CONTRIBUTING WATERSHED TO ADAMA-ASELLA
ROADSIDE SOIL EROSION AND ITS PRIORITIZATION FOR INTERVENTION

*Kossa Terefe Abebe

Lecturer, Department of Natural Resources Management, Arsi University College of Agriculture and

Environmental Science

ARTICLE INFO

ABSTRACT

Article History:

Received 05" May, 2020
Received in revised form

27" June, 2020

Accepted 14™ July, 2020
Published online 30" August, 2020

Key Words:

Adama-Asella, Roadside,
Runoff, Hate, Dey a, Highway.

Soil ersion has been recognized as a serious socio-economic problem in Ethiopia.. Roadside soil
erosion of Adama-Asella highway is among the problems affected the traffic from the two zones to
the country’s capital city, Addis Ababa. Studies conceming the alignment of the ad versus natural
runoff flow has not been studied. The objective of this study was to characterize runo ff contributing
watershed to the Adama-Asella roadside erosion and prioritize of its micro-watersheds for watershed
management intervention. To identify runo ffcontributing watersheds and extraction of drainage lines,
area encompassing the damaged road were delineated using DEM. By overlaying natural mnoff flow
lines of the watershed against the road alignment was evaluated in the GIS. To analysis morphol ogy
of the micro-watersheds, areal, linear and relief aspects were used. Using compound values of 4
linear parameters, 4 shape parameters and Irelief parameter, prioritization of four micro-watersheds
MW1, MW2, MW3 and MW4) connected to the road were done. The study identified that micro-
watersheds MW3 is the highest priority micro-wateshed while MW4 is the least priority micro-
wateshed. MWI and MW2 are the second and third priority micro-watershed, respectively.
Therefore, i mplementation of watershed management intervention per the identified prionty micro-
watershed is important.

Copyright © 2020, Kossa Terefe Abebe. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

Soil erosion is a serious problem throughout the world (1).
Though its effect is more prevailed in agrcultural
production, it has created widespread ecological and

Remote sensing (RS) and Geographical Information System
(GIS) plays an important role in the study of a watershed
geomorphology, assessing morphometric parameters of a
watershed and  prioritization for  intervention(7)(8).
Morphometric analysis is one of the significant models for

economic impacts (2). To control soil erosion problem,
various strategies have been designed in different countries.
Watershed management approach is among the strategies has
been implemented since 1980’s. In watershed management
approach, a watershed geomorphology analysis and
prioritization for soil and water conservation intervention is
widely applied in many countries (3). It is also one of the
important aspects to be considered in implementation of any
watersh ed management programmes o fwhich soil and water
conservation is the main issue to be considered (4) (5).
Watershed is an area of land which contributes runoff to a
common point along a single waterway. It is an ideal unit for
the management of natural resources and to mitigate the
impact of natural disasters (5)(6).
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prioritization of sub-watersheds even in the absence of soil
and land use/land cover maps. Watershed prioritization is a
ranking o fdi fferent sub-watersheds/ micro-watersheds based
on the order in which they have to be considered for
intervention, particularly for soil and water conservation
measure(9). It is areas which most likely to contribute a large
volume of runoffin a watershed(9). High priority means it
becomes potential candidate for applying soil and water
conservation measures. W atershed prioritization will be done
in various ways. Analysis of linear, shape and relief aspects
of a watershed is the most common. Linear parameters
include drainage density, stream frequency, bifurcation ratio
and texture ratio (10)(11)(12). Shape parameters include
compactness coefficient, circulatory ratio, form factor and
compactness ratio (10)(12)(13)(14). Relief aspects include
watershed relief, relief ratio and ruggedness number

(11)12).
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In Ethiopia, watershed m anagement program commenced in
a formal way in the 1970s (15). Theprogram was designed to
improve upland natural resource management in order to
protect downstream resources and in frastructure. A particular
concern was to protect a damage caused to downstream
infrastructure by degradation of the uplands (16). However,
gradually, the govemment expanded through community-
based watershed management as a better option to minimize
soil erosion from cultivation land and gained many benefits.
In the study area, Arsi Zone, Oromia Regional State of
Ethiopia, runoff generated from uplands has created sever
roadside soil erosion and created a great damage to the
Adama-Asella main road, which connects the Arsi and Bale
Zones-Adama to the capital city of the country, Addis
Ababa. More than five kilometers ofthe asphalt road became
out of function. As a result, the traffic from these two Zones
to Addis Ababa and the community living vicinity to the road
has been affected. The purpose of this study was to
investigate runoff contributing watershed to the Adama-
Asella road and conduct watershed prioritization for fiture
planning and implementation o fsoil and water conservation
measure.

Objective of the study

To characterize runoff contributing watershed to the Adama-
Asella road damage and prioritization ofits micro-watershed
for watersh ed management intervention.

MATERIALS AND METHODS

Study area

The study was conducted in Arsi Zone of Oromia Regional
State, Ethiopia. The area encompasses parts of the Arsi
highlands and the central rift valley. It is located on the main
road from Adama-Asella to south east of Addis Ababa,
capital city of Ethiopia. The study lies between the
coordinates of 8°9'20 to 8°16'30” N and 39° 12'32" to
39°18'0"E with an estimated area of 32km”. Its elevation
ranges from 1735 meter to 2303 meter above sea level(Fig
1). Hydrologically the area is a part ofthe Awash Basin, one
of the country’s twelve major basins. The mean annual
rainfall of the area is 788mm. It has a uni-modal rainfall
pattem with extended rainy season from March to September
with the peak rainy season is from July to August(17).96.7%
of the study area is cultivation land whereas 3.3% is open
shrub land(18).The farming system is a mixed agriculture
with the dominant crops grown ofwheat and teff (19). Most
of the volcanic rocks in the study area were formed during
the Cenozoic era of the tertiary period because of the wide
spread volcanism induced by extensive fracturing and
subsequent faulting (17).

Data Base and Methodology: An integration of remote
sensing and geographic information system technology was
adopted in the study. At first, runoff contributing watersheds
to the eroded roadside were delineated with the help of
Geographic Information System (GIS 10.4), and Soil and
Water Assessment Tool (SWAT 2012.10 522) Interface
software from Digital Elevation Model (DEM) obtained from
the United States Geological Survey (USGS) Earth Explorer.
In addition, Global Position System (GPS) Garmin 62s was
used for ground truth control point. All the datasets were
brought into the same coordinate system of the Universal

Transverse Mercator (UTM) projection 37N in the
Aeronautical ~ Reconnaissance  Coverage  Geographic
Information System (ArcGIS) 10.4so fiware. Using the Ethio-
road shape file(18), alignment of the damaged road against
the natural runo ff flow lines o fthe watershed was evaluated
in the GIS environment. Morphometry of the runoff
contributing watershed was done using linear, shape and
relief parameters wusing the formulae suggested by
(10)X(11)(12)(13)(14)and (20)as described in Table 1.Per the
recommendation of(21), high weight was given for high
values of linear aspects and relief aspects whereas low
weight was given for high value of shape aspects. Finally,
watershed prioritization was done by a compound factor,
which computed by summing all the ranks of linear
parameters, shape parameters and relief parameter and then
dividing by the number of parameters. The smallest
compound value receives the highest priority for a watershed
management while the highest compound value is the least
priority. The high priority indicates the need of watershed
managementinterv ention.

RESULTS AND DISCUSSION

Morphometric Analysis: Quantitative analysis ofthe runoff
contributing watershed was performed to assess the drainage
networks which contribute runoffto the Adama-Asella road
damage and its characteristics.

Road alignment versus runoff channel: Boundary of the
runoff contributing watershed to the damaged road and its
drainage networks was evaluated against the Adama-Asella
road alignment by overlaying on the GIS environment (Fig
2). This helps to analyze comprehensively the vulnerability
of a road (25).The study showed that two watersheds
contribute runoff to the road, a watershed with outlet 1
(hereafier called Hate watershed) and a watershed with outlet
2 (hereafter call Deya watershed) (Fig2). The main natural
drainage line of Deya watershed crosses the road six times.
However, the road has neither drainage structure along the
roadside norculvert for runo ff water crossing. This is one of
the main reasons for the runoff scouring the roadside and
damage to the road. Ifgood drainage is not guaranteed along
roadside and at water crossings, flood waters can b e abruptly
interrupted and alter the morphological conditions of the
channel and create danger on the road structures. In addition,
high erodibility characteristic of the sandy dominated soil
type ofthe site made it to easily susceptible for the erosion.
Erodibility of sand soil is high (26). Runoffg eneration from
Hate watershed and concentrating at the outlet 1 was also the
other major reason for the Adam-Asella roadside erosion and
damage. At outlet 1, high runoff generates to the road from
upstream. However, there was no adequate culvert for water
crossing the road. As a result, much runoff flows along the
roadside without road drainage dich. During heavy rain
storm, much water generates from the upper watershed,
which is clay dominated soil and relatively sloppy area. Clay
soil has low infiltration and high runoffgeneration (27). High
slope favor rate of runoff generation and reduce time of
concentration (28).

Evaluation and prioritizmtion of the Adam-Asella runoff
contributing micro-watersheds: To evaluate
geomorphology of the runoff contributing micro-watersheds
and prioritization for watershed manag ement
implementation, the entire watershed was divided in to two
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sub-watersheds namely Deya sub-watershed and Hate sub-
watershed. Each sub-watershed again subdivided into two
micro-wat ersheds and assigned micro-watershed one (MW1),
micro-wat ershed two (MW2), micro-watershed three (MW3)
and micro-watershed four (MW4)as shown in figure 3.
Analysis of the micro-watersheds was carried out based on
the watershed morphometric characterization parameters o f
linear, areal and relief ratio per the recommendations o f
various authors (Table 1). Brief description of the micro-
watersheds’ linear, areal and reliefaspects explained below.

Linear Parameters: Bifurcation ratio (Rb), drainage texture
(Dt), stream frequency (Fs), drainage texture ratio (Dt) are
linear parameters that were evaluated to prioritize the micro-
watersheds. To evaluate these parameters, stream order,
stream number, total stream length and mean stream length
ofeach micro-watershed was determined as follow.

Stream order (U): The designation of stream ordering was
done according to the hierarchic method of Strahler
(1964).Stream order of the micro-watersheds are shown in
Table 2.The stream order analysis showed MW3 is a third
order stream covering an area of 9.3km® whereas MW 1,
MW?2 and MW4 are second order streams covering an area
of 8.05km2, 6.83km2, and 7.71km2, respectively. Higher
stream order is associated with greater volume of runoff
generation (29). The study showed MW3 generates the
greatest volume o f runoffto the road due to its stream order.
The variation in order and size ofthe tributary of the micro-
watersh eds is largely due to physiographic ofthe area.

Total stream Length (L): Total stream length is sum of all
streams in the micro-watershed. It is related to the
characteristics of surface runoff a watershed (30). High
stream length segment indicates flatter gradients and small
stream length represents high slope and fine texture (31).
Total stream length of each micro-watershed is indicated in
Table 2. Total stream length of MWI1, MW2, MW3 and
MW4 are 23.36 km, 21.12 km. 23.72 km and 18.36 km,
respectively.

Mean Stream Length (Lsm): The mean stream length
(Lsm) was calculated by dividing the sum of total length o f
the stream to total number of streams. The mean stream
length is directly related to mean annual runoff the highest
mean stream length indicates relatively high mean annual
runoff{11). Lsm ofthe micro-watersheds are shown in Table
2. Lsm of MW1 is the highest of the micro-watersheds and
therefore it contributes the highest runoff to the damaged
road.

Bifurcation Ratio (Rb): Bi furcation ratio (Rb) is defined as
the ratio of the stream segments numberofa given order to
the segment number of the next higher order (12).
Bifurcation ratio shows a small range of variation for
different environmental conditions. Rb decreases as ordero f
stream increases (11). Bifurcation ratio varies based on the
slope o fthe terrain, physiography and climatic conditions. It
has a relationship with the branching pattem of a stream
network. Higher bifurcation ratio represents early
hydrograph peak has a potential to create flash flooding
during the storm events. The lower value of mean bi furcation
ratio shows the geological variation, higher infiltration and
less structural control in the watershed (32). Bifurcation
ratio, generally, shows value ffom 3 to 5 in the geologic

structures do not affected (11).T hough it is said a bifurcation
ratio, mean Dbifrictio ratio is used in the watershed
prioritization. Mean bifurcation ratio (Rbm) is calculated as
the arithmetic mean bifiircation ratio (33). High Rb values
indicate high runoffg eneration and low infiltration while low
Rb values reflects low runo ffgeneration and high infiltration
rate (34). Mean of bifurcation of the micro-watersheds are
shown in Table 3. Mean of bifurcation ratio of the study
micro-watersheds range from 3.5 to 11.The highest mean Rb
ofMW4 is 11, which indicates the highest runoff generation.

Drainage Texture (Dt): Drainage texture (Dt) is the number
of stream segments of all orders per p erimeter of the micro-
watershed area. It shows the closeness of one stream to
another stream (35).Dt ofthe micro-watersheds are shown in
Table 3. Dt of MW1, MW2, MW 3 and MW4 are 0.35, 0.55,
0.80 and 0.41, respectively. Dt ofMW3 is the highest. High
Dt indicate fine texture, which reflects low infiltration and
high runoff This indicates MW 3 contributes high runoff to
the road while MW 1 is the least.

Stream Frequency (Fs): The stream frequency (Fs) is the
total number of stream segments of all orders per unit area
(10). Fs has a positive correlation with Dd (31). Fs is related
to pemeability, infiltration capacity, and relief of micro-
watershed. respectively. Ifthe stream frequency is higher, it
reflects a greater runoff due to steeper slope. Fs of MW,
MW2, MW3 and MW4 are 1.24, 220, 1.93 and 1.56. This
indicates that MW?2 contributes high runoffto the road while
MW 3 the second in contributing high runo ffto the road. On
the other hand, MW 1 and MW4 contribute less runoffto the
road.

Areal Aspects

Area (A) and Perimeter (P): Area ofa watershed is directly
related to the hydro-graph storm peak and the volume of
runoff (36). The perimeter is the total length of the drainage
basin boundary (1). Area and perimeter of the study micro-
watershed are shown in T able 2.

Form Factor (Ff): Form factor (Ff) is the ratio of the
watershed area to the square o fthe watershed length (10). Ff
depicts the flow intensity of a watershed. High value of Ff
experiences larger peak flows within a shorter duration while
low form factor indicates lower peak flows and longer
duration (31). Ff of the micro-watersheds are shown in
Table3. FfofMW1, MW2, MW3 and MW4 are 0.04, 0.06,
0.10 and 0.04, respectively. Ff ofMW3 is the highest of all
micro-watersheds. This indicates that highest runoff
generation to the road due toits Ffis from MW 3.

Compactness constant (Cc): It is the ratio between basin
perimeters to the perimeter o fa circle to the same area ofthe
watershed. It derives the relationship between actual
hydrologic basins to the exact circular basin having the same
area as that of hydrologic basin (10). Cc approaches to one
means, the micro-watershed is circular and risky of runoff
generation is high because it will yield the shortest time of
concentration before peak flow occurs in the micro-
watershed (37). Cc of the micro-watersheds are shown in
Table 3. Cc of MW 1, MW2, MW3 and MW4 are 0.12, 0.11,
0.23 and 0.12, respectively. Cc of the MW3 is 0.23, which
indicates high risky of runoffg eneration to the road.
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Table 1. Morphometric parameters adopted for computing morphology of the watershed

Morphometric parameter Formula Reference

Stream number (Nu) Num ber of stream segments (11)

Stream order (U) Hierarchical rank (11)

Total stream length (L) Sum of all streams in the area GIS

Mean stream kngth (Lsm) Msm = Lu/Nu, Lu= total stream length of order ‘‘u’’, Nu = total number of stream segments of order ‘‘u”’ (11)

Bifurcation ratio (Rb) Rb = Nu/Nu-1; Nu = total number of stream segments of order “u”’; Nu-1 = number of segments of next higher (12)
order

Mean bifurcation ratio (Rbm) Average of bifurcation ratios of all orders (22)

Watershed length (Lb) The draimge line distance from a basin’s mouth to the point on the water divide intersected by the projection of (10)
the direction of the line through the source of the main stream.

Permeter (P) The outer boundary that enclosed the area (24)

Area (A) The entire area drained by a system of streams GIS

Drainage density (Dd) Dd = L/A; L = total stream length of all orders (km); (10)
A = area (kmz)

Stream frequency (Fs) Fs=Nu/A; Nu = total number of streams ofall orders; (10)
A = area (km?)

Drainage texture (Dt) Dt = Nu/P;Nu= total number of streams ofall orders; (10)
P = perimeter (km)

Form factor (Rf) Rf=A/Lb"; A=area (km”); Lb" = square of basin length (10)

Elongation ratio (Re) Re = 2/Lb x(A/m)" (12)
Where, A=area of the basin, Lb= basin length (Km)

Circulatory ratio (Rc) Rc = 4xnx A/P°, Where, n= 3.14, A=area of the basin, (22)

Compactness coefficient (Cc) Cc = 0.2821 x P/A™, P= perimeter of the basin, (10)
A= area of the basin

Basin relief (Bh) Vertical distance between the lowe st and highest points of basin (12)

Relief ratio (Rh) Rh = Bh/Lb, where Lb= basin length (12)

Table 2.B asic parameters of four micro-watersheds of Adama-Asella runoff contributing micro-watersheds

MW Area(Km®) Perimeter(Km) Lb (Km) L (Km) Nu Lsm (km) U Bh
MW1 8.05 28.96 14.31 23.36 10 2.34 2 0.29
MW2 6.83 27.43 10.67 21.12 15 1.41 2 0.3
MW3 9.34 22.41 9.86 23.72 18 1.32 3 0.34
MW4 7.71 28.96 13.73 18.36 12 1.53 2 0.36
Table 3. Linear and aerial morphometric param eters of sub-watersheds
Parameter Linear aspect Arealaspect
MW MW1 MW2 MW3 MWw4 MW MW1 MW2 MW3 MWw4
Rbm 4.00 3.50 3.50 11.00 Ff 0.04 0.06 0.10 0.04
Rank 2 3 3 1 Rank 1 2 3 1
Dd 2.90 3.09 2.54 2.38 Re 0.22 0.28 0.35 0.23
Rank 2 1 3 4 Rank 1 3 3 2
Dt 0.35 0.55 0.80 0.41 Cc 2.88 2.96 2.07 2.94
Rank 4 2 1 3 Rank 2 4 1 3
Fs 1.24 2.20 1.93 1.56 Rc 0.12 0.11 0.23 0.12
Rank 4 1 2 3 Rank 2 3 1 2
Table 4. Relief as pects of the micro-watersheds
MW Bh Rh Rank
MW 1 0.29 0.02 2
MW 2 0.30 0.03
MW 3 0.34 0.03 1
MW 4 0.36 0.03 1

Table 5. Prioritization of 4 micro-watersheds contributing runoff to the Adam-Asella road based on morphometric analysis

MW Rbm Dd Dt Fs Ff Rc Re Cc Rh CP Final Priority
MW 1 2 2 3 4 1 2 1 2 2 2.11 2
MW 2 3 1 2 1 2 4 3 3 1 222 3
MW 3 3 3 1 2 3 1 3 1 1 2.00 1
MW 4 1 4 4 3 1 3 2 2 1 2.33 4

Elongation Ratio (Re): The elongation ratio (Re) is the ratio
of the diameter o f a circle which has the same area with the
watershed area to the watershed length (Lb) (12). Re close to
1 shows very low relief whereas 0.6to 0.8 is high relief and
moderate to steep ground slope (11). Based on Re shape of
the watershed can be described as circular for Re> 0.9, oval

for Re 0f0.9 to 0.8 and elongated for Re < 0.7(30). Re ofthe
micro-wat ersheds are shown in Table 3. Re ofMW1, MW2,
MW 3 and MW4 are 0.22, 0.28, 0.35 and 0.23, respectively.
Re o fMW3 is the highest. This indicates the high est runo ff
generation is contributed from it to the road due to its Re
while MW 2 contributes the second higher runoffgen eration.
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MW 1 and MW4 contributes similar and lower runoffto the
road due to their Re.

Circulatory Ratio (Rc): The circulatory ratio (Rc) can be
interpreted as the capacity of watershed to drain out water
(38). Circularity Ratio is the ratio ofthe area ofa basin to the
area ofcircle having the same circumference as the perimeter
of the basin (39). Rc of the micro-watersheds are shown in
Table3. RcofMWI1, MW2, MW3 and MW4is 0.12, 0.11,
0.23 and 0.12, respectively. Rc ofMW3 is the highest while
in the other micro-watershed more or less similar. This
indicates MW 3 contributes the highest runoff generation to
the road due to its Rc while in the rest o f micro-watersheds
the effect of Rc is similar.

Relief Aspect

Basin Relief (Bh): Basin relief (Bh) is the elevation
difference between head o fthe watershed and the outlet (29).
Bh helps to understand the geomorphic process and
characteristics of landform ofthe watershed and influence
the surface runoff(40).

Relief Ratio (Rh): The relief ratio (Rh) increases with
decreasing watershed area. The highest value of Rh shows
steep slope while the lower Rh indicates lower
slope(41).Relief ratio of the micro-watersheds are showmen
in Table 4. Rh of MW2, MW3 and MW4is 0.03 while Rhof
MW 1 is 0.02. This indicates the effects of Rh on runoff
generation to the road in MW2, MW3 and MW4 are similar
while in the MW 1 is lower.

Prioritization of Micro-Watersheds: Prioritization of all
micro-watersheds of the Adama-Asella runoff contributing
micro-watershed was camied out by calculating the
compound morphometric parameter values based on the
morphometric analysis. Table 5 shows analysis ofthe results

of watershed prioritization assessment. The results of the
analysis reveal that compound value of micro-watersheds
MW3 is the lowest while compound value of MW4 is the
highest. This indicates MW 3 is the highest priority micro-
watershed while MW 3 is the least priority micro-watershed.
The second and third priority micro-watershed are MW 1 and
MW2, respectively.

Conclusion

Prioritization ofthe micro-watersheds is one ofthe important
aspects of watershed management planning. The study
demonstrated the usefulness of RS & GIS for conducting
runoff contributing watershed to the Adama-Asella road,
analysis of its morphometry as well as prioritization of the
micro-watershed for fiture intervention. Morphometric
characteristics of the micro-watersheds show their relative
characteristics with respect to runoff contribution and
required for implementation of soil and water conservation.
Prioritization of the four micro-watersheds reveals that
micro-watershed MW 3 is the highest priority hence may be
taken for first conservation measures decision makers while
MW1, MW2 and MW4 are the second, third and fourth
priority, respectively.
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Glossary of Abbreviations

ArcGIS- Aeronautical Reconnaissance Coverage G eographic
Information System

AArea

Bh- Basin relief

Cc- Compactness coefficient

Dd- Drainage density

DEM- Digital Elevation Model

Dt- Drainage texture

Fs- Stream frequency

GIS- Remote sensing

GPS- Global Position System

L- Total stream length

Lb- Watershed length

Lsm- Mean stream length

MW 1- Micro-watershed one

MW 2- Micro-watershed two

MW 3- Micro-watershed three

MW4- Micro-watershed four

Nu - Stream number

P- Perimeter

Rb- Bifurcation ratio

Rbm- Mean bifurcation ratio

Rc- Circulatory ratio

Re- Elongation ratio

Rf Form factor

Rh- Reliefratio

RS- Geographical Information System
SW AT - Soil and Water Assessment T ool
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U-

Stream order

USGS- United States Geological Survey
UTM-Universal Transverse Mercator
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