MORPHOMETRY ASSESSMENT OF OBA RIVER BASINAND ITSIMPLICATIONSFOR
FLOOD

|. A. Jesuleye, U. H. Okeke, A. O. Atijosan, R. A. Badru, J. E. Adewoyin, A. T. Alaga.
Cooperative Infor mation Networ k, National Space Research and Development Agency,
Obafemi Awolowo University, Ile-Ife, Nigeria.
*abisolaj s@gmail.com
Abstract

The morphometric analysis of the drainage basin ahdnnel network plays a vital role for
understanding the geo-hydrological behavior ofrdrge basin and its implication on flood. Besides th
primary aim of studying drainage basin as a gedacap unit in order to understand its hydrological
nature, this study examined the morphometric chariatics of Oba river drainage basin in the South-
west of Nigeria with the use of GIS in order to leade the implication of the morphometric
characteristics on flood potential in the studyaafEhe basin was found to be &t 6rder where the total
length of streams was 2754.48km, total number r@fasts was 2979, basin area and perimeter were
2494.45kmM and 291km respectively while the basin length ®&slkm. The detailed morpometry
results obtained in the study, to a significanteaktwere found to be helpful for determining the

tendency for flood events in the watershed.

Key words. Morphometry, watershed, Oba River basin, remassisig, Geographic Information
System (GIS) and flood.

1. INTRODUCTION

Drainage Basin is an area of land which is draioga river and its tributaries. Drainage basinlspa
known as theatchment area of a river. Morphometry is the quantitative exalan - measurement and
mathematical analysis - of the configuration of #lagth’s surface, shape and dimension of its lantfo

[1, 2]. The morphometric analysis of the draindgesin and channel network play a vital role for
understanding the geo-hydrological behavior of rdage basin and expresses the prevailing climate,
geology, geomorphology, structural control, etcsiBes, the primary aim of studying drainage basin i
to understand the hydrologic nature and morphomettpression of the basin area. According to [3],
the need for a comprehensive study of drainagenbelsaracteristics is necessitated by the spatio-

temporal variation exhibited by the geometric htites of the basin. Studies involving the quariat
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analysis of drainage basin characteristics showttiteamorphometric analysis has found utility i th
realm of flood peak prediction, estimation of eomsrates, sediment yield assessment, river catchmen
evaluation and development studies, landslide pabdéy assessment, and watershed prioritizatmm

soil and water conservation, amongst others.

The morphometric characteristics influence the blgdyic regimes of rivers and the overall efficiency
of the landscape in transforming precipitation gnoundwater into stream. Analysis of morphometric
characteristics of a drainage basin is importanttie fact that detailed knowledge of basin geoynetr
not only facilitates a better understanding ofhlgdrologic system, but also allows for better agelypf
hydrologic events within the basin. Furthermoreamification of the morphometric parameters of a
drainage basin has proved to be of immense benefiter basin evaluation, watershed prioritizatfon

soil and water conservation, flood peak predictieediment yield assessment, river catchment
evaluation and development studies, landslide ptibigy assessment and in the management of

natural resources at the watershed level [4, 5].

Recently, many researchers have used remote saaiagnd analyzed geomorphology parameters on
Geographical Information System (GIS) platform talerstand the inherent morphometric ingredients
of various catchments [6]. The recent rapid devalept of geospatial technology has made it become
an effective tool to overcome many problems assediaith identification and interpretation of basin

morphometric parameters and to design an effetdive [7] and water resource plan for a basin area

[8].

According to [9] the description and analysis odidage basin geometry are mainly of three categorie
viz: linear, areal and relief measurements. Lirespect involves measurement of parameters such as
stream number in each order, total stream numbeasasin, average stream length, total streantheng
bifurcation ratio, length ratio, and length of deead flow. Areal aspect comprises the measurement o
parameters such as stream areas in each ordeth-@m@g, basin shape, drainage density, stream
frequency, and constant of channel maintenancelewtdlief aspect involves measurements of
parameters such as relief ratio, relative reliefative basin height, relative basin area, and edggss

number.

A substantial amount of studies had attempted iiyamy the relationship between basin morphometry
parameters and stream/river basin. The interdegrexedof hydrology and morphometry has been found
statistically real; a major reason put forth isduexe both vary uniformly with same set of undedyin

climatic and geologic conditions [10]. Usually @reand relief parameters are associated with flow



magnitude while length parameters are related éotitming of hydrologic events. However all the
morphometric categories are complexly and pradyicaterdependent [11]. By means of experimental
studies, Basin area, Drainage density and Ruggsdnesber have been found to be highly correlative
with flood occurrence [11]. It was submitted by2[1that the capacity of a terrain to infiltrate
precipitated water and transport it through undmrgd is the main determinant of the Drainage dgnsit
and flood relationship. Consequently, high undarg transmissibility (due to infiltration capacity)
leads to low-magnitude flood. In contrast, an inmpeable surface produces high Drainage density and
high-magnitude flood.

The specific objectives of the study are to exantime morphometric characteristics of Oba river
drainage basin in South-West Nigeria and evalusearplication of the morphometric characteristics

on flood potential in the study area.
2. MATERIALSAND METHOD
2.1 Thestudy Area

Oba river basin cuts across Osun and Oyo StatdgiSouth-western Nigeria. The basin lies between
Longitudes 4.145651E and 4.220588E; Latitudes 7.473872N and 8.314248N; It is located in a
warm tropic region of the rain forest of the SoMitestern Nigeria (Figure 1). The climate in the
Northern part of Oba river basin (around Ogbomasagteadily of high temperature. The rainfall is
moderate to heavy rainfall in March to July; theeage annual rainfall in the basin is 1,247mm. The
vegetation of the basin is derived savanna; itegafiom wooded savanna in the north to rain farest
the south [13]. Settlements along Oba River codrsen North to South are Apo, lluju, Obada,
Mosunmade, Otuokun, Bale, Odo-Oba, Olori and Olumay mention a few. The residents along the
whole length of Oba River are mostly into farmingdafishing. The main crop being cultivated are

maize, okro, vegetable, water melon and garderjletlg
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Figure 1: Map of Oba river basin




2.2 Data requirement

Table 1: Data sourcing

S/no | Data name Acquisition For mat Scale Sour ce
date
1 Topographic map (Apomu NW 1960 Analogue 1:50,000 OSGOF

lwo SW, SE, NW, NE, Oyo
NE, NW, Ogbomoso SW, SE)

2 Administrative boundary map Digital OSGOF
of Nigeria
2.3 Methodology

About ten topographic maps covering the basin ustlety were georeferenced and merged, after which
the drainage network and basin boundary were darttaitom the merged piece using Arcmap, GIS
software. The drainage segments were ordered angotd Shreve and Strahler principles [9, 15]
however, the [9] ordering formed the basis forti@phometris analysis in the study. The workflow of

study is given in Figure 2.

Using GIS, drainage segments were ordered numigriaal order 1 starting from the basin’s head
waters. Two order 1 stream segments join to forrorder 2 stream, two order 2 streams join to form a
order 3 stream segment and so on. When two streagments of different orders meet, the resulting
segment will assume the higher value of the tweasirs (Figure 3). Basin area, perimeter, length and
length of streams were calculated with GIS. The phometric parameters considered in this study
include those of linear, areal and relief categorighe formulae adopted for the parameters arengive
Table 2.
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Table 2: Description of Morphometric Parametersiueehis study

Morphometric Formula/Description Reference

Parameters

[Symbol]

Total Length of| Overall Length of the stream segments GIS

streams [L]

Total Number off Overall Number of the streanGIS

streams [N] segments

Mean stream lengthLsm =L/N [16]

[Lsm]

Stream Length ratio Rl = Lu/Lu-1; where Lu =Total stream[16]

[RI] length of order ‘u’, Lu-1 = Total
stream length of its next lower order

Bifurcation ratiol Rb = Nu/Nu+1; where Nu = Tota

- [Rb] number of stream segments of order
E ‘U, Nu+l = Total number of stream
% segment of its next higher order

Basin Area [A] Area of the basin polygon GIS

Basin Perimeter [P] | Length of the basin polygon(@iS
boundary)

Basin length [Lb] The longest dimension of the bhadil7]
parallel to the main drainage line in the
basin.

Drainage Density Dd = L/A [16]

[Dd]

Stream  FrequencyFs= N/A [16]

[Fs]

Texture ratio [Rt] T = Ny/P; where N = number of first [16]

y order streams, P = Basin Perimeter
é Form Factor [Ff] Ff = A/(Lb)*>, where A = Basin Ared, [16]
'1,'% Lb = Basin Length




Circulatory ~ Ratio| Rc = (4nA)/P?* ; where A = Basir [18]

[Rc] Area,Tt= 3.14, P = Basin Perimeter
Elongation Ratig Re = 2/Lb*V(A/m); wheren = 3.14 [17]
[Re]

Length of overland Lf = 1/2Dd; where Dd = Drainage[16]
flow [Lf] density

Maintenance Mc=1/Dd [16]

Coefficient [Mc]

Basin Relief [R] Difference between the highesiefel [17]
(contour) and lowest relief in the basin.
Relief Ratio [Rr] Rr = R/Lb; where R = Basin Relief,[17]
Lb= Basin Length

Ruggedness numbeRn = R/Dd ; where Dd = Drainage[17]

RELIEF

[Rn] density

3. RESULT AND DISCUSSION
3.1 Linear parametersand the implications

The stream segment and intersections charactéwzdinear aspect’ of the basin. Stream length aéve
surface runoff peculiarities of a basin. Oba ribasin spreads over an area of 2494.45kantotal
number of 2927 streams that are linked up"tm@ler. Total lengths of streams and total no @ashs

in each order are decreasing with increasing omdethe basin, this corroborates [19]. Streams of
relatively longer length indicate flatter surfacedaow gradients. While those of shorter lengths ar
indicative of high slope and finer texture [20].€Tdrainage pattern of the stream network in thénbas
has been found to be mainly dendritic type (FigB)yge Table 3 presents the summary of the areal

parameters considered in this study.

Mean stream length (Lsm): [9]expressed that the mean stream length is adlygmoperty of the
drainage network components, and the associated badaces. It is calculated by dividing the total
stream length by the number of stream segmentbl€T2). dendritic drainage pattern is characterized
by the irregular braiding of stream segments iriouar directional angles that are less thafh 9bie

pattern is typically found in the areas of sedimentocks or of massive igneous rocks [21].



Bifurcation ratio (Rb): The bifurcation ratio is a dimensionless linearapaeter that gives index of
reliefs and structural disturbances about the Jd$ih It is defined as the ratio between the totainber

of stream segments in one order to the numbergrheets in the next high order in a given drainage
[17]. [9, 22] established that the values are gahebetween 3 and 5. According to [9, 6], the lowe
values of Rb are less than 3; this is typical efltasins which have record of less structural thsiuces

and vice versa.

The Rb of Oba river basin ranges between 0.8&2a2® (by stream order) with the mean value of 1.72
(Table 3). The lowest Rb value in the table isdhe of the highest order of stream in the studg.are
[23] noted that Rb is inversely proportional toditbpotential in a basin. In order words low val@i&kb

will suggest high risk of flooding in some partstbé basin. [13] worked on Odo-Oba settlement, twhic
is part of Oba river watershed, as a floodplaire Tdwest Rb value at the tail end of the basinttugre
with the elongated shape of the basin suggest tsffhof flooding at the exit of the basin and some
distance beyond due to high water accumulation ratailne place. This might have suggested the

construction of the Asejire dam just beyond the ekthe basin.

Table 3: Summary of the linear parameters’ result

Stream | Number | Bifurcation | Mean Length of | Stream | Mean Log |Log
order of ratio (Rb) of Rb | stream by | length | Stream Nu Lu
(u) stream order(Lu) |ratio length

by order

(Nu)
1 1470 2.23 1492.1 - 1.02 3.17| 3.17
2 659 1.79 594.14 0.4 0.9 282 2.7
3 369 1.86 1.72 296.57 0.5 0.8 257 247
4 198 1.85 165.72 0.56 0.84 230 2.22
5 107 0.86 96.11 0.58 0.9 203 198
6 124 - 109.9 1.14 2.09| 2.04

3.2 Areal parametersand theimplications

The areal parameters considered in this studyraiaate density, stream frequency, texture rationf

factor, circulatory ratio, elongation ratio, lengihoverland flow and Maintenance coefficient; Ta#l

includes the summary of the areal parameters cerexidn this study.
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The perimeter of a basin (P) and area (A) are eatgsignificance and fundamental in generatingrothe
areal morphometry parameters of a basin. Perinoéteibasin is the boundary length of the basinjevhi
the area of the basin is the total area projecten a horizontal plane. GIS environment helps atgre
deal in generating the basin perimeter and aragesakith high accuracy. The perimeter and areaevalu

of Oba river basin are 291km and 2494.48kespectively.

The basin length (Lb) could be expressed as thgekindimension of the basin parallel to the trunk

(principal) drainage segment [17]. In this studg kbngth of the basin is 96.1km.

Drainage density (Dd): Drainage density has been identified as a vitedrpater to indicate the linear
scale of landform elements in stream eroded teff&@h Technically Dd of a basin is the total |emgif

all stream segment divided by the basin area aisdniteasured in km/kinDd gives an idea about the
spacing- closeness - of the streams, thereby prayv@ quantitative measure of the average length of
drainage channel per Kmnit area in the basin under study [19]. Low Ddueal (usually less than
5km/knf) often associate with largely spaced streams assalt of the presence of less resistant
materials (i.e. permeable rocks), gentle slope amd rhinfall; while high Dd values (5km/Kmand
above) characterize environments with high rainfstéep slope and poor infiltration or impermeable
rocks [24]. In this study, drainage density valsidound to be 1.1.km/kmThis low Dd value would be
as a result of the well drained nature of the sgiks prevalent in the area and low to moderatefrel
nature therein. Low value of Dd in the study arsa auggest the general low magnitude of fledihin

the basin despite the largeness of the area agthl¢hil].

Stream frequency (Fs): This is also known adrainage frequency. It could be expressed as the total
number of streams in a basin per unit area [16in#isates the drainage network distribution inagih.
Generally the value of the perimeter has been fdaarrdnge from less than 1 to 6 or more based en th
basin rock type [22]. Oba river basin has its Fead..17; a low value which is peculiar to terraiow
relief and high infiltration capacity [25]. The gence of large number of streams in a basin irelcat
that the basin is still undergoing erosion, whigsd number of streams in a basin shows matured

topography.

Texture ratio (T): Texture ratiois defined as ratio of the total number of streagnsents in the first
order of the basin to the basin parameter [165 @ dependent of the underlying lithology (rockelyp
terrain relief, soil type, infiltration capacityegetation and rainfall in the concerned basin. e a
submitted that T could be grouped into 5 classeseay coarse (<2), coarse (2 to 4), moderate @)to
fine (6 to 8), and very fine (>8). [26] further aBlished that hard (or preamble) rocks with litifeno
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vegetation produces fine drainage texture. Thendge texture of Oba river watershed is found to be

moderate with a value of 5.05.

Form factor (Ff): Form factor is a numerical expression used toesgrt basin shapes. It is defined as
the ratio of the basin area to the square of basigth [19]. A value of 0.7584 was given by Hor&mn
the apex Ff value, which represents the valuepsréectly circular basin thus Ff value would alwégs
less than 0.7584. the less the value the more aledds the watershed in question. Oba River Bakin

is 0.27 which indicates that the basin tends telangated shape.

Elongation ratio (Re): elongation ratio expresses the ratio between tameater of the circle of the
same area as the drainage basin in question arfuhtire length [17]. The significance of Re is ie th
analysis of basin shape and it provides idea abwathydrological character of the watershed. The
values of Re typically range from 0.6 to 1.0, adaog to [9], Re has been classified as: circula® (0
1.0), oval (0.8 - 0.9), less elongated (0.7 - CeB)ngated (0.5 -0.7) and more elongated (less @an
The value of Re for this study is 0.59; a low vailudicating that the basin is of elongated shap@u®s

of 0.6 to 0.8 (low values) usually associate witghhrelief and steep slope whereas high values of

greater than 0.8 associate with low relief.

Circulatory ratio (Rc): Circulatory ratio as defined by [18] is the ratbbasin area to the area of a
circle which has same perimeter as the basin pemmk was established that the higher the value o
Rc, the more circular shape of the watershed amowar value indicate an elongated basin with
permeable lithology [17, 9]. Rc values usually marigom O (elongated shape) to 1 (circular shape). |
this study Rc is 0.37. This low value of Rc agresth the Re and Ff value in the study that the hasi

elongated (Table 4). This could be observed froenftimnel shape of Oba river basin (Fig 3). Low Rc

also implies that the watershed has low dischafgermff.

Length of overland flow (Lf): Length of overland flow is technically given by6[las half of reciprocal
of the drainage density. Physically Lf could beald®d as the length of the runoff of the raintail the
basin surface before it assumes definite draindgmrels. A high Lf (> 0.5) would suggest high
surface runoff in a basin and consequently makd#sen vulnerable to flooding and vice versa. The L
of the Oba river basin is found to be 0.45, a lalue. This implies that there is low surface runoff
within the basin and thus making the basin to ks f@one to high magnitude flooding and soil emosio

within it.

Maintenance coefficient (C): This is also known as Constant of channel maimemaf a basin. [17]
gave the explanation of the parameter as the extetite drainage area that is needed to sustain or

12



maintain one kilometer of drainage length in theaaned watershed. It is mathematically defined as
the reciprocal of the drainage density. The maemee coefficient of Oba river watershed is 0.91km
This could be interpreted as in the study areaublnt area of the basin is needed to maintain 1km of
drainage channel. This is an indication of highltration or high base flow in the basin.

3.3 Relief Parametersvalues and theimplications

The relief parameters considered in this studyutkelbasin relief, relief ratio and ruggedness numbe

Table 4 includes the summary of the relief parameatensidered in this study.

Basin relief (R): Basin relief is given as the difference betweenttlyhest elevation (H) of a basin and
the lowest point (h) therein [9]. Concerning Obweribasin, H is 396.24m and h is 167.64m. R is
therefore 228.6m (2.3km).

Relief ratio (Rr): It is given by dividing R by the basin length. [1&kpressed that Rr is a numerical
representation of the overall steepness withirver fbasin and thus it indicate the intensity ofseyn
within a basin. Rr of the basin under study is Q@w value. This could be interpreted that Qkarr

basin is less prone to large scale erosion.

Ruggedness number (Rn): This is the product of the basin relief and drgadensity. Obviously, high
values of the two parameters will bring about viEemge Rn and vice versa. Rn is an indication of
structural complexity of a terrain [27]. Oba riv@asin has an Rn of 1.25; this shows that the hasiot

So rugged. It is also a pointer to low relief aod ldrainage density within the basin.

Table 4: Summary of the areal and relief paraméetessilts

Morphometric  Parameters | Result
[Symbol]
Basin Area [A] 2494.45km
Basin Perimeter [P] 291km
Basin length [Lb] 96.1km
Drainage Density [Dd] 1.1km/km
Stream Frequency [Fs] 1.17
Texture ratio [Rt] 5.05

B Form Factor [Ff] 0.27

; Circulatory Ratio [Rc] 0.37

li,:J Elongation Ratio [RE 0.59
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Length of overland flow [Lf] 0.45km
Maintenance Coefficient [Mc]| 0.91Km

Basin Relief [R] 0.23km (750Ft)
Relief Ratio [Rr] 0.002

m

_

IhI:J Ruggedness number [Rn] 0.25

4. CONCLUSION

It could be[concluded from the study that Oba rikesin is susceptible to flooding, though of low
magnitude, within it. This is due to the generdtiw values of the bifurcation ratio (Rb) in all tife
stream orders. The low drainage density, streamguéecy reinforced by the elongated shape of the
basin also contributes significantly to the flo@hdency. Moreover the lowest Rb being found at the
trunk drainage give a geomorphological proof of ltkelihood of high magnitude flood at the mouth of
the basin extended to a significant distance beyiandihis could have contributed to the rationale
behind the construction of the Asejire dam/resermt some kilometers beyond the basin outletcivhi

was completed and has been in use as far backras 19
5.RECOMMENDATION

It is recommended that the constructed water regebe adequately managed and be given proper
maintenance as and when due so as to forestaditdisa flooding events. Furthermore human actwitie
that could negatively impact the drainage netwdwutd be dissuaded.

There is also the need to investigate some otltorialike climate, land use-land cover, geology et
that do affect the hydrological processes in arbasother to establish more fact so as to optintinee

strategic use of the basin for sustainable devedmp@and to enhance the quality of lives of the peop
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