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Original Research Article
Morphometry and Flood in Small Drainage Basin: Case Study of Mayogwoi
River Basin in Jalingo, Taraba State Nigeria

Abstract

Drainage basin morphometric information is very important in any undertaking to control
incidence of flooding in an area. In the present study, morphometrc analysis using remote
sensing and a GIS techniques have been carried out to examine the flood potentials of the
Mayogwoi river basin. The Mayogwoi basin is a small basin. The pattern of this basin is
dendritic. The values of bifurcation ratio (2.45), circularity ratio (0.64), elongation ratio (0.66)
and form factor (0.35) indicates that the basin is moderately circular and somewhat elongated.
The length of overland flow of the basin is 1.25, indicating matured topography and low surface
runoff in the study area. The low drainage density (0.4km/km?) and low stream frequency (0.11)
is indicative of low relief, low surface flow, high infiltration and consequently low flood
potentials of the basin. The basin has a low relief ratio (0.074) and low relative relief (2.38)
indicating low relief and gentle slope. The result of the findings also shows that the basin has a
short basin length of 32.2km indicative of higher chances of the basin been flooded after heavy
rainfall of short duration. Consequently, the result shows that there will hardly be enough water
supplies to support large scale water resource development prospects particularly irrigation and
hydropower project in the basin except with intensive development of land and water resources
of the basin. Thus, high intensity of rainfall is required for the generation of flash flood in the
drainage basin because of its relatively small basin size. The morphometric parameters of the
basin therefore suggest low to moderate flash floods chances and high potential of groundwater
aquifers recharge. Thus, heavy rainfall is the most important flash flood - causing factor,
followed by morphometric characteristics and land uses in the basin. The study recommends the
need for the construction of flood protection infrastructures that will help to protect the town and
important infrastructures in the area in event of flash flood.

Keywords: Basin, Dendritic, Drainage, Flood, Mayogwoi, Morphometry.

Introduction

Drainage Morphometry is defined as the measurement and mathematical analysis of the
configuration of the earth’s surface and of the shape and dimension of its landforms (Clarke,
1966 cited in Nongkynrih and Husain, 2011). Morphometric analysis is significantly used for
various small river basins and sub basins in the various parts of the world (Horton, 1945;
Strahler, 1952a, 1957, 1958, 1964; Miller, 1953; Leopold and Miller, 1956 and Morisawa, 1959).
Morphometric parameters such as drainage density, stream magnitude, and relief ratio are
practical measures of flood potential in small drainage basins. Most authors have defined flood
potentials using shape indices (Horton, 1932, Chorley, 1957; Piyasiri and Nandalal, 2004).

Others have used both morphometric parameters and shape indices (Verstappen, 1983; Kumar et
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al, 2000, Singh, 2006; Nageswara et al,2010 and Onosemuode et al,2010). In Nigeria, similar
studies have been carried out which include those of Okechukwu (1974), Ebisemiju (1976),
Faniran and Ojo (1980), Anyadike and Phil-Eze (1989).

Drainage basin has been seen as the fundamental hydrologic and geomorphic areal unit through
which the precise description of the geometry of landforms could be harnessed as data could be
collected, organized and analyzed (Eze and Effiong, 2010). The drainage basin analysis is
important in any hydrological investigation like assessment of groundwater potential,
groundwater management, pedology and environmental assessment (Rafiq et al, 2013).
Morphometric studies in the field of hydrology were first initiated by (Horton, 1940; Strahler,
1952). The morphometric characteristics of drainage basins have been studied by many scientists
using conventional methods (Horton, 1945; Strahler, 1957; Kaplay et al, 2004) and Remote
Sensing and GIS methods (Krishnamurty and Srinivas, 1995; Srivastava and Mitra, 1995;
Agarwal, 1998; Biswas et al, 1999; Narendra and Nageswara Rao, 2006). Remote sensing
techniques using satellite images are convenient tools for morphometric analysis (Jadhav and
Babar, 2014). The satellite in remote sensing has the ability to provide synoptic view of large
areas and is very useful in analyzing drainage basin morphometry. Remote sensing data can be
used in conjunction with conventional data for delineation of ridgelines, characterization, priority
evaluation, problem identification, assessment of potentials and management needs,
identification of erosion prone areas, evolving water conservation strategies, selection of sites for

check dams and reservoirs etc (Dutta et al, 2002 cited in Waikar and Nilawar, 2014).

This type of study has not been carried out on River Mayogwoi. No segment of the basin is
gauged and information on the drainage system is very scarce as not much research work has
been carried out in this direction. It has been observed that there is relationship between drainage
basin morphometric parameters and flood potentials. Drainage basin morphometric information
is very important in any undertaking to control incidence of flooding in an area. In this study,
basin morphometric parameters using GIS was used to examine the flood potentials of the
Mayogwoi basin. This will provide information about floods in the drainage basin. The data on
the drainage basin morphometric parameters will enhance the management of flooding in the
area.

Description of the Study Area
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River Mayogwoi is the major tributary of River Lamurde in Jalingo LGA, Taraba State, Nigeria.
The drainage basin is located between latitudes 8°45” to 9°05°’N and longitudes 11°15" to
11°35’E (Fig. 1). River Mayogwoi takes it sources from the hills in Yorro LGA and flow through
the northern part of Jalingo metropolis. The river flows for a short distance of 36km before
emptying into the Lamurde basin at Magami ward in Jalingo town. The area is characterized by
sub humid climate with well defined wet and dry season. Average rainfall is about 850mm’
annually and mean temperature of 30°C. The study area falls under the guinea savanna
vegetation zone characterized by grasses interspersed with tall trees and shrubs. Some of the
trees include locust bean, sheabutter, eucalyptus and silk cotton tree. Geologically, the drainage
basin consists of cretaceous rocks of Bima sandstone formation with isolated flat-toped hills.
Greater parts of the basin consist of scattered remnants of highly metamorphosed sedimentary
rocks and diverse predominantly granitic and plutonic masses generally known as old granites
(Oruonye, 2014). Soils of the basin are ferruginous tropical soils derived from crystalline acid
rocks of the basement complex. The basin is drained by ephemeral rivers that have been affected
by flash floods in the past few decades. The basin was affected by heavy rainfall and flash floods
on 7" August 2005 and 1" August 2011 (Oruonye, 2012a,b) suggesting high possibilities of
flash flood occurrence. This suggests that the possibilities of flash floods have increased from an
event per 30 years to an event per 6years in the area. This could probably be attributable to
climate changes and global warming (Abdalla et al, 2014).

Methodology

The data used in this study includes field generated data and data derived from topographical
map as well as Etm+ (2015) and Shuttle Radar Topographic Mission (SRTM) data was obtained
from the United State Geological Survey (USGS) online open resources. The map of the study
area was obtained from the Taraba State Bureau of Land and Survey. Satellite images of Land
sat 8 were used as base map for the GIS technique. The images were acquired on 15" March
2015 and the projection type is UTM and spheroid is WGS 1984. The datum is the Minna datum,
UTM zone 32N and the pixel size is 15 meter. Morphometric analysis and prioritization of basin
was based on the integrated use of remote sensing and GIS technique. The drainage map of the
study area was prepared using geo-coded data and verified with survey of Jalingo toposheets no.

193, 194, 195, 214, 215, 216, 235, 236 and 237 of the area at 1:50000. The toposheets and
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Fig. 1 Location map of the study area

satellite data were geometrically rectified and georeferenced to World space coordinate system
using ERDAS IMAGINE 9.2 software package.

After georeferencing, on-screen digitization process was carried out to extract the stream
network according to their order following Strahler (1964) stream ordering technique. The entire
drainage segments were digitized as lines separately for each order (Strahler 1952). Digitization
work was carried out using Arc GIS 9.2 software. The attributes were assigned to create the
digital data base for the drainage layer of the river basin. The map showing the drainage pattern
in the study area (Figure 2) was prepared after detailed ground checks with GPS survey on
channel networks. Image interpretation comprises data derivation from map analysis, map work,

computation from topographical maps and satellite imageries pertaining to different components
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of the drainage basin morphometric parameters in the study area. The Area (A) and Perimeter (P)
of the drainage basin was calculated using measurement tool option of ArcGIS version 9.2.
Morphometric parameters such as linear aspects of the drainage network: stream order (Nu),
bifurcation ratio (Rb), stream length (Lu), and areal aspects of the drainage basin: drainage
density (D), stream frequency (Fs), texture ratio (T), elongation ratio (Re), circulatory ratio (Rc),
form factor (Rf) of the basin were computed. Various morphometric parameters of the whole
basin were calculated based on literatures (Horton, 1932, 1945; Strahler 1952a,b; 1964;
Schumm, 1956; Miller, 1953).

Result of the Findings

The various morphometric parameters of the Mayogwoi river basin have been computed and
summarized below. The result of the study show that the study area is a fourth order drainage
basin. The stream network shows a dendritic pattern, indicating the homogeneity in texture and

lack of structural control.

Linear Aspects
Stream Order (Nu)

The first step in drainage basin analysis is to determine the stream orders. Stream order has been
defined as a measure of the position of a stream in the hierarchy of tributaries (Leopold et al,
1964). Hierarchical ordering of streams is necessary to understand the hydrodynamic character
of a drainage basin. In the present study, the various stream segments of the drainage basin have
been ranked according to Strahler’s stream ordering system. According to Strahler (1964), the
smallest fingertip tributaries are designated as first stream order. Where two first stream order
meets, a second stream order is formed; where two second stream order meets, third stream order
is formed and so on. The study area is a fourth order drainage basin (Figure 1). The total
numbers of 40 streams were identified, of which, 30 are first order streams, 7 are nd order, 2 are
3" order and 1 is indicating 4™ order streams. The trunk stream through which all discharge of
water and sediment passes is therefore the stream segment of the highest order. River Mayogwoi

which is the trunk stream in the study area is of the fourth order.
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Table 1: Stream Orders, Stream Number, Stream Length in the Mayogwoi River Basin

S/NO | Stream | Stream Total Stream | Mean Stream | Bifurcation
order Numbers Length (km) | Length (S.L/SN) | Ratio

1 1" order | 30 78.8 2.63 4.29

2 2" order |7 423 6.04 35

3 3%order |2 20.1 8.9 2

4 4" order |1 6.9 10.05

Drainage patterns of stream network in the basin have been observed as mainly dendritic type

which indicates the homogeneity in texture and lack of structural control. The total number of

stream segments is found to decrease as the stream order increases in the basin.
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Stream Length (Lu)

The total length of individual stream segments of each order is the stream length of that order.
Stream length measures the average (or mean) length of a stream in each orders, and is
calculated by dividing the total length of all streams in a particular order by the number of
streams in that order. The numbers of streams of various orders in the basin were queried and
their lengths also determined and summed up in ArcGIS 9.3 environment. The stream length in

each order increases exponentially with increasing stream order as shown in Table 1.

Stream length is one of the most important hydrological features of the basin as it reveals the
surface runoff characteristics. Streams of relatively smaller lengths indicate that the area is with
high slope (Nongkynrih and Husain, 2010) and finer textures. Streams with longer lengths are
generally indicative of flatter surface with low gradients. Stream length is a revelation of the
chronological developments of the stream segments including interlude of tectonic disturbances.
Usually, the total length of stream segments is highest in first stream orders and decreases as the

stream order increases.

Mean Stream Length

The mean stream length is a characteristic property related to the drainage network components
and its associated basin surfaces (Strahler, 1964). The mean stream length is calculated by
dividing the total stream length of given order by number of stream of that order as shown in
Table 1.The value for any given order is greater than that of the lower order and less than that of

its next higher order in the whole drainage basin.

Bifurcation Ratio (Rb)

Bifurcation ratio is related to the branching pattern of a drainage network and is defined as the
ratio between the total numbers of stream segments of one order to that of the next higher order
in a drainage basin (Schumn, 1956). Bifurcation ratios usually range between 3.0 — 5.0 for basins
in which the geologic structures do not distort the drainage pattern (Strahler, 1964). The R,
values of the study area (Table 1) indicates that there is a uniform decrease in the Ry, values from
the first stream order to the fourth stream order. The Ry, values in the study area ranges from 2.0
to 4.29. The sum of all the bifurcation ratios in the basin was divided by the number of

bifurcation ratios to give the mean bifurcation ratio of the basin. The calculated mean bifurcation
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ratio for the study area is 2.45; an indication that the study area is a lowland area. This suggests
that the study area has low potentials for discharge compare to those of highland areas with

bifurcation ratio of 5.0 (Strahler, 1952).
Length of overland flow

Length of overland flow is defined as the length of flow path, projected to the horizontal, non
channel flow from point on the drainage divide to a point on the adjacent stream channel
(Horton, 1945). Horton, for the sake of convenience, had taken it to be roughly equal to half the
reciprocal of the drainage density. Overland flow is significantly affected by infiltration
(exfiltration) and percolation through the soil, both varying in time and space (Schmid, 1997). In
this study, the length of overland flow of the Mayogwoi drainage basin is 1.25 kilometers, which

shows low surface runoff in the study area.

Areal Aspects

The areal aspects of drainage basin include different morphometric parameters, like drainage
density (Dd), stream frequency (Fs), form factor (Ry), circulatory ratio (Rc), elongation ratio (Re)
and length of overland flow (L,). The values of these parameters were calculated and results are

presented in Table 2.

Table 2. Areal Aspects of Mayogwoi River Basin

S/No | Parameter Calculated value
1 Area (Sgkm) 366.2
2 Perimeter (Km) 84
3 Elongation Ratio 0.66
4 Drainage density 0.4
5 Stream frequency 0.11
6 Length of overland flow 1.25
7 Form factor 0.35
8 Circulatory ratio 0.64
9 Drainage texture 0.48
Drainage Area (Au)

The drainage area is the entire area drained by a stream or system of streams such that all streams

flow originating in the area is discharged through a single outlet. In other words, the drainage
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area is defined as a collecting area from which water would go to a river. The boundary of the
area is determined by the ridge separating water flowing in opposite directions. The total area of
the Mayogwoi drainage basin is 366.2km”. Basin area has been identified as the most important
of all the morphometric parameters controlling catchment runoff pattern. This is because, the
larger the basin, the greater the volume of rainfall it intercepts, and the higher the peak discharge
that result (Morisawa, 1959; Faniran and Ojo, 1980; Olujinmi, 2003; Nabegu, 2005). The
maximum flood discharge per unit area is inversely related to the size of the basin (Chorley et al,

1957).

Drainage Density (Dd)

By definition drainage density of a basin is the total length of the streams of all orders per
drainage area. Dd is expressed as the ratio of the total sum of all channel segments within a basin
to the basin area i.e., the length of streams per unit of drainage density. It is a dimension inverse
of length (Horton,1932). Drainage densities can range from less than Skm/km? when slopes are
gentle, rainfall low and bedrock permeable (e.g. sandstones), to much larger values of more than
500km/km” in mountainous areas where rocks are impermeable, slopes are steep and rainfall
totals are high (Huggett, 2003). The drainage density (Dd) of the study area is 0.4 km/km?”. Thus,
in this study, the drainage density falls less than Skm/km? which indicates that the area has a
gentle slope, low rainfall and permeable bedrock. Generally, lower values of drainage density
tend to occur on granite, gneiss and schist regions. The rocks of the study area consists of highly
metamorphosed sedimentary and basement complex rocks. This may have influenced the low
drainage density observed in the drainage basin. It reflects the land use and affects infiltration
and the basin response time between precipitation and discharge. It is also of geomorphological
interest particularly for the development of slopes. On the other hand, a low drainage density
indicates that most rainfall infiltrates into the ground and few channels are required to carry the

runoff (Roger, 1971).

Dd is a measure of the texture of the network, and indicates the balance between the erosive
power of overland flow and the resistance of surface soils and rocks. The factors affecting
drainage density include geology and density of vegetation. The vegetation density influenced
drainage density by binding the surface layer and slows down the rate of overland flow, and

stores some of the water for short periods of time. The effect of lithology on drainage density is
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marked. Permeable rocks with a high infiltration rate reduce overland flow, and consequently

drainage density is low.

Stream Frequency (Fs)

The stream frequency (Fs) or channel frequency or drainage frequency of a basin may be defined
as the total number of stream segments within the basin per unit area (Horton, 1945). The stream
frequency value of the study area is 0.11 indicating very low stream frequency (Fs) which can be
attributed to the low relief and high infiltration capacity. The low stream frequency of the basin
is indicating low relief and permeable sub surface material. The existence of less number of
streams in a basin indicates matured topography, while the presence of large number of streams
indicates that the stream is youthful and still undergoing erosion. It is an index of the various
stages of landscape evolution. Number of streams in each order varied because of the
physiographic conditions of particular area. Both values of stream frequency and drainage
density show that Mayogwoi basin has a low relief and by implication has a low response to

surface runoff and by implication low flood potential.

Drainage Texture (Rt)

Horton (1945) defined drainage texture as the total number of stream segments of all order in a
basin per perimeter of the basin. The drainage texture is considered as one of the important
concept of geomorphology which shows the relative spacing of the drainage lines (Chorley et al.,
1957). Drainage texture is on the underlying lithology, infiltration capacity and relief aspect of
the terrain. The drainage texture of the study area is 0.48. This shows that the basin has a very
coarse texture. Smith have classified five different drainage textures related to various drainage
densities as very coarse (below 2), coarse (2 - 4), moderate (4 - 6), fine (6 - 8) and very fine (8
and above). Drainage texture depends on a number of natural factors such as climate, rainfall,
vegetation, rock and soil types, infiltration capacity, relief and stage of development. Weak rocks
devoid of vegetative cover produce fine texture, while rocks which are hard and with vegetative

cover produce coarse texture.

Basin shape (Rf)

The shape of the basin mainly governs the rate at which water is supplied to the main channel.

Three parameters viz. Elongation Ratio (Re), Circulatory Ratio (Rc) and Form Factor (Rf) are

10
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used for characterizing drainage basin shape, which is an important parameter from hydrological
point of view. The basin has an elongation ratio (0.66), circularity ratio (0.64) and form factor
(0.35) which indicates that the shape of the basin represent oval shape tending towards
elongation. The oval basin tending towards elongation indicates that the basin will have a flatter
peak of flow for longer duration. Basin shape reflects the way that runoff will bunch up at the
outlet. A circular basin would result in runoff from various parts of the basin reaching the outlet
at the same time. An elongated basin having the outlet at one end of the major axis and having
the same area as the circular basin would cause runoff to be spread out over time, thus producing

a smaller flood peak than that of the circular basin.

Basin perimeter (P)

Basin perimeter is the outer boundary of the drainage basin that encloses its area. It is measured
along the divides between basins and may be used as an indicator of basin size and shape

Schumm (1956). The basin perimeter of Mayogwoi basin is 84 kilometers.

Elongation Ratio (Re)

Elongation ratio (Re) is defined as the ratio of diameter of a circle of the same area as the basin
to the maximum basin length (Schumm, 1956). Values of elongation ratio ranging from 0 — 0.6
indicate rotundity and low degree of integration within a basin and values between 0.6 and 1.0
assumes pear shaped characteristics of a well integrated drainage basin (Strahler 1964 cited in
Onosemuode et al, 2010). The value of Re varies from O (in highly elongated shape) to unity i.e.
1.0 (in the circular shape). Values close to 1.0 are typical of regions of very low relief, whereas
that of 0.6 to 0.8 are usually associated with high relief and steep ground slope (Strahler, 1964).
The Re value of the study area is 0.66. The basin in the study area assumed rotundity, tending
towards pear shape, indicating more integration. It is a very important index in the analysis of
basin shape which helps to give an idea about the hydrological character of a drainage basin.
Circular watersheds are more efficient in the discharge of runoff. They are at greater risk from
flood hazard because they have a very short lag time and high peak flows than the elongated
basins. Elongated watersheds have low side flow for shorter duration and high main flow for

longer duration and are less susceptible to flood hazard.

11
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Circularity Ratio (Rc)

The circularity ratio is a similar measure as elongation ratio, originally defined by Miller (1953),
as the ratio of the area of the basin to the area of the circle having same circumference as the
basin perimeter. Schumm (1956) described the basin of the circularity ratios of the range 0.4 to
0.5 as indicative of strongly elongated and highly permeable homogenous geologic materials.
The calculated Rc value of the study area is 0.64 which indicates that the drainage basin is less
elongated and is characterized by medium to low relief. Such drainage systems are partially

controlled by the structural disturbances (Zavoiance, 1985).

The value of circularity ratio varies from 0 (in line) to 1 (in a circle). The circularity ratio (Rc)
has been used as a quantitative measure for visualizing the shape of the basin and is expressed as
the ratio of basin area (A) to the area of a circle (Ac) having the same perimeter as the basin
(Miller 1953; Strahler 1964). It is affected by the lithological character of the basin. The ratio is
more influenced by length, frequency (Fs), and gradient of streams of various orders rather than
slope conditions and drainage pattern of the basin. It is a significant ratio, which indicates the
dendritic stage of a basin. Its low, medium and high values are indicative of the youth, mature

and old stages of the life cycle of the tributary basins.

Form Factor (Rf)

Form factor is the numerical index commonly used to represent different basin shapes (Horton,
1932). The value of form factor ranges between 0.1 to 0.8. The form factor value of the study
area is 0.35 which indicate lower value of form factor and indicates that the basin is tending
towards elongation. The basins with high form factors 0.8, have high peak flows of shorter
duration, whereas, elongated drainage basin with low form factors have lower peak flow of
longer duration. The elongated basin with low form factor indicates that the basin will have a
flatter peak of flow for longer duration. The Smaller the value of form factor, the more elongated
will be the basin. Flood flows of such elongated basins are easier to manage than that of the

circular basin (Onosemuode et al., 2010).
Relief Aspects of the Study Area

Basin relief is an important factor in understanding the denudational characteristics of the basin.

Relief is the difference between the maximum and minimum elevations in the basin. The

12
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maximum height of the Mayogwoi basin is 375m and the lowest is 175m. The relief of the basin

is 200m. The basin length, relative relief and relief ratio of the study area is presented in Table 3.

Table 3. Relief Aspects of River Lamurde

S/No. Morphometric Parameters Result

1 Basin length 32.3km

2 Relative relief 2.38

3 Relief ratio 0.074
Relief Ratio (Rh)

This is a unitless measure of the overall gradient across a basin. It is calculated by dividing the
relief (H) of a basin by its length (L). Relief is the altitudinal difference between the maximum
and minimum elevation points in the basin. It is an important factor indicating the denudational
characteristics of the basin. It is also an indicator of intensity of erosion processes and sediment
delivery rate of the basin (Strahler, 1964). Normally the relief ratio is inversely proportional to
the drainage area of the basin. The maximum elevation of the basin is 375m, while minimum
elevation is 175m, with differences in height of 200m. The relief ratio of the Mayogwoi basin is
0.074. The relative ratio of the basin is low, which is characteristics features of less resistant
rocks. The low relative ratio (0.074) is due to low relief and gentle slope (Fig. 3). This implies
low erosive energy of the stream and less sediment loss from this basin (Schumm, 1954,1956).
The lower values may indicate the presence of basement complex rocks that are exposed in the
form of small ridges and mounds with lower degree of slope (Datt and Ramanathan, 1981). Low
relief ratios also indicate that the discharge capabilities of the basin are low and chances of

ground water potential are good (Parveen et al, 2012).
Relative Relief

Relative relief is defined as the differences in height between the highest and the lowest points
(height) in a unit area. It is an important morphometric parameter used in the overall assessment
of morphological characteristics of terrain (Nongkinrih and Husain, 2010). Melton (1958)
suggested to calculate relative relief by dividing the difference of height between the highest and

13
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lowest points in the basin (H) with basin perimeter (P), thus relative relief = H/P. The relative
relief of the study area is 2.38. Relative relief is calculated on the basis of highest and lowest
elevations and the data of relative relief so derived are tabulated and classified into three
categories viz. (1) low relative relief = Om — 100m, (ii) moderately relative relief 100m — 300 m

and (iii) high relative relief = above 300m.

T T T T T T T T T T T T T = .I. e
0 2,000 4,000 8,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 22,000 24,000 28,000 28,000
Length(m)

Profile Graph of River Mayo-Gwoi

Fig. 3 Profile of River Mayogwoi

Basin length (Lb):

Basin length is the longest dimension of a basin to its principal drainage channel. The longer the
length of a basins, the lower the chances that such a basin will be flooded when compared with a
more compact basin. The length of the Mayogwoi drainage basin is 32.3 kilometers. Basin length
(Lb) has been given different meanings by different workers (Schumm 1956; Gregory and
Walling 1973; Gardiner 1975 and Cannon 1976). The Lb is the longest length of the basin, from
the catchment to the point of confluence (Gregory and Walling, 1973).

Basin Morphometry and Flood potentials of the Mayogwoi Basin

Basin morphometry is important in studying flood incidence in any given basin especially in
ungauged and flood prone basin like the study area. It has been shown that basin morphometry
controls its hydrologic response (Alexander, 1972; de Scally et al, 2001; Moussa, 2003 and
Esper Angellieri, 2008). The values of the basin shape indicators such as elongation ratio (0.66),
circularity ratio (0.64) and form factor (0.35) shows that the basin has oval shape tending
towards elongation. The bifurcation ratio (Rb) value of 2.45 is indicative of low surface runoff,

high infiltration and low chances of water to flood (Horton, 1945). Stream perimeter is directly
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proportional to the area of basin and the curvature of the basin margin (Abdalla et al, 2014). The
basin drainage density of 0.4kmkm? is very low and indicative of regions of highly permeable or
resistant subsoil material under dense vegetation. This will create low flood potential and high
contribution to ground water. The low stream frequency of the basin (0.11) implies less number
of tributaries and chances of collecting water into the main trunk stream resulting in low flood
potentials. These characteristics would cause runoff to be spread out over time, thereby

producing smaller flood peak than that of the circular basin.

Factors that might have contributed to the low potentials of flooding in the Mayogwoi river basin
include lower drainage density, low stream frequency, lower relief, low bifurcation ratio and
circulatory ratio. The results of the morphometric parameters show that the basin has a low relief
and by implication has a low response to surface runoff. This also points to the fact that there
will hardly be enough water supplies to support large scale water resources development projects
particularly hydropower and large irrigation project in the region except with intensive
development of the land and water resources of the region.

Conclusion

The morphometric analysis of Mayogwoi drainage basin has been carried out through
measurement of linear, areal and relief aspects of basins using GIS technique. The result of the
study show that the study area is a fourth order drainage basin. The stream network shows a
dendritic pattern, indicating the homogeneity in texture and lack of structural control. The mean
bifurcation ratio of the basin is 2.45; an indication of low flood potential in the basin. The values
of circularity ratio (0.64), elongation ratio (0.66) and form factor (0.35) indicates that the basin is
moderately circular and somewhat elongated. The length of overland flow of the basin in the
study area is 1.25, indicating matured topography and low surface runoff in the study area. The
low drainage density (0.4km/km?”) and low stream frequency (0.11) is indicative of low relief,
low surface flow, high infiltration and consequently low flood potentials of the basin. The basin
has a low relief ratio (0.074) and low relative relief (2.38) indicating low relief and gentle slope.
The result of the findings also shows that the basin has a short length of 32.2km indicative of
higher chances of the basin been flooded after heavy rainfall of short duration. Consequently, the
result shows that there will hardly be enough water supplies to support large scale water resource

development prospects particularly irrigation and hydropower project in the basin except with
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intensive development of land and water resources of the basin. Thus, high intensity of rainfall is
required for the generation of a flash flood in the drainage basin because of its relatively small
basin size. The morphometric parameters of the basin therefore suggest low to moderate flash
floods chances and high potential of groundwater aquifers recharge in the basin. Thus, heavy
rainfall is the most important flash flood - causing factor, followed by morphometric

characteristics and land uses of the basin.
Recommendations

Based on the findings of this study, it is recommended that there is need for the construction of
flood protection infrastructures that will help to protect the main town and important

infrastructures in the area in event of flash flood. This will include the following;

1. Flood forecasting and early warning system which comprises of precipitation measuring

Doppler radar facilities.
ii. Meteor burst communications for the transmission of hydrometric data and;
iii. Weather surveillance radar facilities in Jalingo town.

References

Abdalla, F., El Shamy, 1., Bamousa, A.O., Mansour, A., Mohamed, A. and Tahoon, M. (2014)
Flash Floods and Groundwater Recharge Potentials in Arid Land Alluvial Basins,
Southern Red Sea Coast, Egypt. International Journal of Geosciences, 5, 971-982.
http://dx.doi.org/10.4236/ijg.2014.59083

Agarwal, C.S. (1998). Study of drainage pattern through aerial data in Naugarh area of Varanasi
district, U.P. Journal of Indian Society of Remote Sensing 26: 169-175.

Ajaegbu, H.I. and Faniran, A. (1992). A new approach work in geography. Ibadan: Heinemann
Books.

Angillieri, M. Y. E. (2008). “Morphometric Analysis of Colanguil River Basin and Flash Flood
Hazard, San Juan, Argentina,” Environmental Geology, Vol. 55, No. 1, 2008, pp. 107-
111. doi:10.1007/s00254-007-0969-2

Anyadike, R.N.G. and Phil-Eze, R.C. (1989). Runoff Response to Basin Parameters in South —
Western Nigeria. Geographical Annals, T1A (1&2), 75 — 84.

Biswas, S., Sudhakar, S., and Desai, V.R. (1999). “Prioritisation of subwatersheds based on

16



UNDER PEER REVI EW

428 morphometric analysis of drainage basin-

429 a remote sensing and GIS approach”, Jour. Indian Soc. Remote Sensing,27,pp 155166.
430

431  Clarke, J. I. (1966). Morphometry from maps, in: Dury, G.H. (Ed.), Essays in Geomorphology,
432 American Elsevier Publication Company, New York. Pp. 235 — 274.

433

434 Chorley, R.J. (1969). Introduction to physical hydrology. Methuen and Co. Ltd., Suffolk. 211.
435

436  Chorley, R.J., Donald, E.G., Malm, Pogorzelski H.A. (1957). A New Standard for Estimating
437 Drainage Basin Shape. American Journal of Science, 255, pp. 138-141.

438

439  Datt, R. and Ramanathan, N.L. (1981). Environmental Monitoring ‘‘Proceedings of Seminar on
440 the Status of Environmental Studies in India’’, Thiruvananthapuram, 26 — 28t March,
441 1981. Pp. 284-287.

442

443  Dutta, D., Sharma, J. R., and Adiga, S. (2002). Watershed characterization, prioritization,

444 development planning and monitoring remote sensing approach, technical report

445 ISRONNRMS-TR-103-2002 Bangalore: ISRO.

446

447  Ebisemiju, F.S. (1976). The Structure of the Inter — relationship of Drainage Basin

448 Characteristics. Unpublished Ph.D. Thesis, University of Ibadan, Ibadan, 321pp.

449

450  Eze, E.B. and Effiong, J. (2010). Morphometric Parameters of the Calabar River Basin:

451 Implication for Hydrologic Processes. Journal of Geography and Geology. Vol. 2 (1).
452 Pp.18 — 26.

453

454  El Shamy, L. (1992) Towards the Water Management in Sinai. Proceedings of the 34

455 Conference on Geology of Sinai Development, Ismailia, 63-70.

456

457  Eze, E.B. and Effiong, J. (2010). Morphometric Parameters of the Calabar River Basin:

458 Implication for Hydrologic Processes. Journal of Geography and Geology. Vol. 2 (1).
459 Pp.18 - 26.

460

461  Faniran, A. and Ojo, O. (1980). Man’s Physical Environment.Heinemann Educational Books,
462 London, 404pp.

463

464  Gardiner, V. (1975). Drainage Basin Morphometry (British Geom Group, Tech Bull) 14 48.
465

466  Gregory, K.J. and Walling, D.E. (1973). Drainage Basin Form and Process: A Geomorphological
467 Approach (Arnold, London).

468

469  Gardener, V. (1990). Drainage basin morphometry. In A. Goudie (Ed.), Geomorphological
470 techniques. (pp. 47 - 55). London: George Allen and Unwin.

471

472 Horton, R.E. (1932). Drainage basin characteristics. Transaction of American Geophysics Union.
473 13, pp. 350 - 361.

17



UNDER PEER REVI EW

474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519

Horton RE (1940). An approach toward a physical interpretation of infiltration capacity.
Proceedings of Soil Science Am.; 5: 399-417.

Horton, R.E. (1945). “Erosional development of streams and their drainage basins:
hydrophysical approach to quantitative morphology”, Bulletin of Geological Society
of America, 5, pp 275370

Hugget, R. J. (2003). Fundamentals of Geomorphology. London, New York, Routledge.

Jadhav, S.I. and Babar, M.D. (2014). Linear and Aerial aspect of Basin morphometry of Kundka
Sub-basin of Sindphana Basin (Beed), Maharashtra, India. International Journal of
Geology, Agriculture and Environmental Sciences. Vol. 2(3). Pp. 16-20.

Jones. J.A.A. (1999). Global Hydrology: Processes, Resources and Environmental Management,
London, 399pp.

Kaplay, R.D., Md. Babar, D.B. Panaskar and A.M. Rakhe (2004). Geomorphometric
Characteristics of 30™ September 1993 Killari Earthquake Area, Maharashtra (India).
Journal of Geophysics, Vol. XXV No.2 & 3 pp.5561.

Krishnamurthy, J. and Srinivas, G. (1995). “Role of geological and geomorphological factors
in groundwater exploration: a study using IRS LISS data”, International Journal Remote
Sensing,16,pp 25952618.

Kumar, R., Kumar, S., Lohani, A.K., Nema, R.K. and Singh, R.D. (2000). Evaluation of
Geomorphological Characteristics of a Catchment using GIS. GIS India, 9(3), 13-17.

Leopold, L.B. and Miller, J.P. (1956). “Ephemeral Streams: Hydraulic Factors and Their
Relation to the Drainage Network,” US Geological Survey.

Leopold, L.B., Wolman, M.G. and Miller, (1964). Fluvial Processes in Geomorphology,
Freeman and Co., San Francisco.

Melton, M.A. (1958). Correlation Structure of Morphometric Properties of Drainage System and
their Controlling Agents. Journal of Geology; 66: 442-460.

Miller, N. (1953) A Quantitative Geomorphic Study of Drainage Basins Characteristics in
Clinish Mountain Area, Verginia and Tenssesse. Columbia University, Technical Report
No. 3, 30 p.

Morisawa, M. E. (1959). Relation of Morphometric Properties to Runoff in the Little Mill Creek,
Ohio, drainage basin, Technical report 17, Columbia University, Department of Geology,

ONR, New York.

Nabegu, A.B. (2005), Determinant of Sediment Yield in River Basins. Implications for Reservoir

18



UNDER PEER REVI EW

520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565

Management, International Journal of Environmental Issues 3(2), 40-48.

Nageswara, R.K., Sawarna, L.P., Arun, K.P. and Hari, K.M. (2010). Morphometric Analysis of
Gostani River Basin in Andhia Pradesh State, India Using Spatial Information
Technology. International Journal of Geomatics and Geosciences 1(2), 179-187.

Narendra,K., and Nageswara Rao,K. (2006) “Morphometry of the Mehadrigedda watershed,
Visakhapatnam district, Andhra Pradesh using GIS and Resourcesat data”, Journal of
Indian Society of Remote Sensing, 34. Pp 101110.

Nongkynrih, J. M. and Husain, Z. (2011). Morphometric analysis of the Manas river basin using
earth observation data and Geographical Information System. International Journal of
Geomatics and Geosciences.Volume 2, No 2. Pp. 647-654.

Okechukwu, G.C. (1974). Fluvial — geomorphic interrelationships in some river catchments in
the Nigerian Precambrian basement complex. Unpublished Ph.D Thesis, Department of
Geography, University of Ibadan, Nigeria.

Onosemuode, C., Adetimirin, O.1. and Aboderin, S.O. (2010). Hydrological Analysis of Onitsha
North East Drainage Basin Using Geoinformatic Techniques. World Applied Sciences
Journal, 11(10), 1297-1302.

Oruonye, E.D. (2012a). Socio-Economic Impact Assessment of Flash Flood in Jalingo
Metropolis, Taraba State, Nigeria. [International Journal of Environmental Sciences.
Vol. 1 (3) pp. 135 — 140.

Oruonye, E.D. (2012b). The Challenges of Urban Flood Disaster Management in Nigeria: A
Case Study of Jalingo Metropolis, Taraba State Nigeria. Recent Scientific Journal.
Vol.3No. 1. Pp.37-42

Oruonye, E. D. (2014). Geographical Aspects of Jalingo Region. Phimela Concept
Printing Press, Jalingo.

Parveen, R., Kumar, U. and Singh, V.K. (2012). Geomorphometric Characterization of Upper
South Koel Basin, Jharkhand: A Remote Sensing and GIS Approach. Journal of Water
Resource and Protection. Vol. 4 pp. 1042 — 1050.

Roger (1971)

Schmid BH (1997).Critical rainfall duration for overland flow an infiltrating plane surface.
Journal of Hydrology, 193: 45-60.

Schumm, S.A. (1956) Evolution of drainage systems and slopes in Badlands at Perth Amboy,
New Jersey. Bull. Geol. Soc. Amer., v.67, pp.597-646.

Srivastava,V.K. and Mitra, D. (1995). “Study of drainage pattern of Raniganj Coalfield

19



UNDER PEER REVI EW

566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591

592
593
594
595
596
597
598
599
600

(Burdwan District) as observed on Landsat-TM/IRS LISS II imagery, Journal of
Indian Society of Remote Sensing, 23, pp. 225-235.

Strahler, A.N. (1952a) “Dynamics Basis of Geomorphology”. Geophysical Society of American
Bulletin, 63(9), 923-938.

Strahler, A.N. (1952b) Hypsometric (area-altitude) analysis of erosional topography. Bull Geol,
Soc. Am 63.

Strahler, A.N. (1957) Quantitative analysis of watershed geomorphology. Trans Am Geophys
Union 38:913-920

Strahler AN (1964) Quantitative geomorphology of drainage basins and channel networks. In:
Chow VT (ed) Handbook of applied hydrology. McGraw-Hill, New York, pp 439-476.

Verstappen, H. (1983). The applied geomorphology. In: International Institute for Aerial Survey
and Earth Science (ITC). Enschede.

Waikar, M.L. and Nilawar, A.P. (2014). Morphometric Analysis of a Drainage Basin Using
Geographical Information System: A Case study. International Journal of
Multidisciplinary and Current Research. Pp. 179 -184.

Zavoiance, 1. (1985). Morphometry of Drainage Basins. Developments in Water Science; 20:
104-105.

El Shamy, L. (1992) Recent Recharge and Flash Flooding Opportunities in the Eastern Desert,
Egypt. Annuals of Geological Survey of Egypt, 18, 323-334.

Xiao, L. (1999) Flash Floods in Arid and Semi-Arid Zones. International Hydrological Program,
Technical Documents in Hydrology, No. 23, UNESCO, Paris.

Schanze, J. (2006) Food Risk Management—A Basic Framework. In: Schanze, J., et al., Eds.,
Flood Risk Management: Hazards, Vulnerability and Mitigation Measures, Springer, 1-
20.

20



