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Abstract 

The study involves evaluation of basin area, slopes, shape of the basin as morphological 

parameters and analysis of flow frequencies for flood and low flows, developing unit 

hydrograph and analysis of rainfall intensity distribution in the study area as hydrological 

parameters. The morphological analysis of the basin yielded basin area, slope, elongation 

and circulatory ratio of 830km
2
, 0.57%, 0.46 and 0.35 respectively. For hydrological 

analysis, flow frequency, unit hydrograph and rainfall analysis were evaluated. The flood 

(peak) and low flows were fitted with Gumbel Extreme Value Type I & III model, and the 

recurrence intervals for low and peak flows of 0.0004m
3
/s and 3.5772m

3
/s were obtained 

as 4 and 44 years respectively. The mean annual maximum flow and mean annual runoff 

depth were estimated to be 7.97m
3
/s and 6.5mm respectively. This showed that the 

intensity of rainfall contributing to the volume of river discharge was 6.5mm/day. Unit 

hydrograph was developed for the river basin using SCS approach. More so, rainfall 

analysis was carried out to determine the flood and drought periods. The results indicated 

that Oyun river basin is relatively small watershed with elongated narrow shape and non-

steep slope which contributed to relatively slower draining of water into the river. From 

the analysis, flooding is expected in the month of September while drought may be 

expected in the months of December to February. The results of this study will be useful to 

river basin managers in managing and planning of water resources and facilities 

development. 
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Introduction 

The development of water resources 

necessitates the study of complexity of 

the water system for adequate utilization, 

maintenance and management of the 

system. The study encompasses the 

occurrence, distribution, movement and 

properties of water on earth and their 

relationship with environment within 

each phase of hydrological cycle. Thus 

hydrologists are involved in planning, 

analysis, design, construction, 

maintenance and operation of projects for 

the control, utilization and management 
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of water resources (Wanielista et al., 

1997). The required hydrometric 

information about the watersheds or 

basins which are required by hydrologists 

are gathered through measurement of 

hydrological, morphological and 

metrological parameters. In many cases, 

these are not readily available for mostly 

small watersheds. In such situations, 

rainfall information may be combined 

with rainfall-runoff models to obtain 

some other information. Hydrological 

events are important factors in water 

resource and fisheries management. In 

particular, streamflow variability and 

availability can affect stream biota at 

different life stages during the year 

(Caissie, 2000). High flows resulted to 

flooding of downstream areas while the 

low flows affect fish movement, stream 

water temperature and causes drought. 

Hydrologic characteristics of basin are 

evaluated to provide basis for stormwater 

management and to protect streams from 

increased erosion and flooding, and to 

help determine the basin management 

plans for critical areas (Dave, 2008).  

River morphology can be explained 

by channel patterns and forms, and is 

affected by factors such as discharge, 

water surface slope, water velocity, depth 

and width of the channel, and river bed 

materials (Iware, 2004). Morphological 

assessment of a river involves evaluation 

of geometry of the river basin and how 

they respond to a number of processes 

and environmental conditions over period 

of time. Factors such as diversion of flow 

to and from channels, storage of water in 

reservoirs and increased use of ground 

water have been discussed in many 

literatures to have affected the 

distribution and timing of streamflow and 

transportation of sediments. Also, 

hydrodynamic effects like wave, flow, 

sediment load and tides of the coastal 

areas arising out of the river constitutes 

direct and very significant changes in the 

structures of the rivers. All these factors 

have contributed to changes in channel 

geometry and consequently affect the 

hydrological balance. River channels and 

its major tributaries undergo major 

changes in hydrologic regime and 

morphology when the water resources of 

the basin began to be developed for 

agricultural, municipal and industrial 

uses (Mare, 2007). Horton (1945) 

reported that morphological changes can 

be effectively analyzed by the use of 

satellite imageries of the river basins of 

different years. In order to increase our 

understanding on watershed geometry as 

it affects streamflow variability and 

availability, this study is aimed at 

assessing the hydrological (discharge) 

and morphological (geometry) 

characteristics of Oyun river basin, 

Kwara State, Nigeria.  

Study Area 
The Oyun local government area is 

located south east of Ilorin, Kwara State. 

The area has an open undulating land 

scope with occasional rocky outcrops in 

the north western part with varying 

slopes. The area falls within the broad 

region of Nigeria known as grass plains 

where the land is heavily farmed with 

just a very limited area of forest reserve. 

Oyun river basin, the study area, has an 

estimated terrain elevation above sea 

level of 259m and is located between 

latitude 9
0
50

1
 and 8

0
24

1
 north and 

longitude 4
o
38

1
 and 4

0
03

1
. It originates at 

an elevation of 465.003m close to Ila 

Oragun and flow in an approximately 

northeast direction for about 80km before 

joining river Asa (Mustafa and Yusuf, 
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2012). River Oyun is the main source of 

water to Offa town and its neighbours 

and also the main sources of raw water to 

university of Ilorin water supply scheme. 

Figure 1 shows map of Oyun river basin 

with network of rivers and its catchment 

areas. The catchment area under 

consideration is enclosed within the thick 

black boundary line as indicated in the 

Figure. River Oyun along with Asa and 

Weru rivers are the three main tributaries 

of river Awun with flows in a northwest 

direction for about 70km from the 

confluence of river Asa and Oyun and in 

the northeast direction for another 22km 

before discharging into river Niger 

upstream of Jebba hydroelectric dam, at 

an elevation of 76amsl. 

  

  

(a) Oyun River Basin     (b) Map of Nigeria 

Figure 1: Map of Nigeria and Oyun River Basin 

 

Materials and Methods 

The required data for the assessment 

of morphological and hydrological 

characteristics of the study area are 

rainfall and river discharge data which 

were obtained from Nigeria Metrological 

Agency, (NIMET) for the periods of 

(1989-2013) and (1972–2014) 

respectively. The topographical map of 

the study area was obtained from Lower 

Niger River Basin Authority, Ilorin, 

Kwara State. In the morphological 

analysis, topographic map of the study 

area was digitized using Global Mapper 

and AutoCAD 2010 to analytically obtain 

watershed parameters.  Some of the 

parameters are watershed area, average 

channel slope, maximum relief, length of 

the main river, perimeter of the basin, 

maximum basin length, elongation ratio, 

circulatory ratio and slope factor. In order 

to compute average channel slope, the 

entire basin was divided into a number of 

different distributaries along the river 

channel marked S1, S2 to Sn. The inlet 

and discharge elevations were obtained 

from Global Mapper for each tributary. 

Slopes for each tributary were computed 

and the average value was obtained.  

Hydrological assessment of 

watershed under consideration will be 

limited to flow characteristics 

assessment, development of unit 

hydrograph and finally evaluation of 
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rainfall-duration-frequency for the study 

area. A monthly flow data of 43 years 

(1972 – 2014) was used for the assessment 

of flow characteristics and statistically 

analysed to infer some useful 

information. Gumbel Extreme Value Type I 

& lll probability distribution function was 

used in fitting the high and low flow periods 

and their return periods are evaluated. The 

mean annual runoff depth was also evaluated 

using an empirical equation. Also method of 

soil conservation service (SCS) was 

adopted for the development of unit 

hydrographs for estimation of basin 

parameters such as peak discharge, lag 

time, time of concentration, etc. Rainfall 

data for a period of 25 years (1989 - 

2013) was statistically analysed and 

design storm for different recurrence 

intervals (such as 10, 20, 50, 100 and 200 

years) was analysed using Gumbel 

Extremal probability distribution for 

maximum rainfall intensity. 

Hydrological Study 
In hydrological assessment, a number 

of statistical parameters are of interest for 

determining flow characteristics such as 

mean annual, median, range, minimum, 

maximum, standard deviation and 

coefficient of variation of flow. The 

annual maximum flow for basins can be 

used to determine the annual runoff 

characteristics in (mm/day) as given in 

Equation 1 (Sule et al., 2011). This 

makes it possible to compared 

precipitation to runoff in the watershed. 

This is subsequently used to determine 

the peak flow for the river. 

                (1) 

For flow frequency analysis, annual 

flood and low flow records are fitted to 

statistical distribution functions to 

estimate the T-year events for such to re-

occur. There are four different models 

usually used which are three parameters 

lognormal, Type I Extremal, Log-Pearson 

Type lll distribution and Partial duration 

series analysis. The first three distribution 

functions are usually used for high flow 

events based on historical annual flood 

observations while the partial duration 

series analysis used daily discharge 

records to estimate flood values (Caissie, 

2000). The model used in this study is 

Gumbel Extremal type I & III 

distribution expressed as follows in 

Equations 2a, 2b and 2c (Bilewu and 

Salami, 2009). 

Extremal (Gumbel) type I & III 

distribution  

 (2a) 

Where , for type I 

(2b) 

, for type III (2c) 

 = reoccurrence interval for a flow at 

return period T,  = mean of the flow 

record and  = standard deviation. 

In many hydrologic design projects, 

the first step is the determination of the 

rainfall event to be used for the intensity 

duration frequency (IDF) analysis. The 

rainfall events are hypothetical and 

usually termed the design storm events 

(John and Gribbin, 2006). The most 

common approach of determining this 

involves establishing the relationship 

between rainfall intensity, duration and 

the frequency (or return period). If 

rainfall data are available, IDF curves can 

be developed using frequency analysis as 

defined in many literatures. 
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To develop dimensionless unit 

hydrograph for drainage areas of varying 

sizes and different locations, soil 

conservation service (SCS) method is 

usually adopted. The estimated values for 

both the peak discharge and time to peak 

are applied to the dimensionless 

hydrograph ratios (Viessman et al., 

1989). In accordance to this method, 

points for the unit hydrograph are 

obtained and used to develop the unit 

hydrograph curves (Arora, 2004). The 

peak discharge are expressed as shown in 

Equation 3. 

     (3) 

Where Qp = Peak discharge (m
3
/s); A 

= Drainage area (km
2
) Qd = Quantity of 

runoff (mm) and tp = Time to peak 

(hour).  

The following expressions in 

Equations 4 – 8 were reported necessary 

in literatures in developing unit 

hydrograph. 

(4) 

Where tp = time to peak (hour), D = 

duration of rainfall (hour), tL = lag time 

(hour) 

D = 0.133tc     (5) 

     (6) 

Where tc = the time of concentration 

(hours) and it is defined by Equation 9.  

  (7) 

Where tc = Time of concentration (min), 

L = Length of main river (m), S = Watershed 

gradient or slope. The watershed slope can be 

described as in Equation 11. 

 

   (8) 

 

Morphological Assessment  
Geomorphologic characteristics of 

watershed as explained by Horton (1945) 

are systematic description of watershed 

geometry and its stream network system, 

measurement of linear aspects of 

drainage network, aerial aspects of 

drainage basin and relief of channel 

network. For ungauged channels, 

measurement of channel morphology 

gives indirect estimates of discharge, 

which, if varying with time, may indicate 

changes in mean discharge Osterkamp 

and Schumm, 1996). Stream flow and 

sediment deposition pattern along 

channel determines its shapes. Therefore, 

stable streams are those that, over time, 

maintain stable morphology, constant 

pattern (sinuosity), slope and cross-

section (Osterkamp and Schumm, 1996). 

Some of basic watershed characteristics 

as highlighted in the literatures are 

drainage area (A), watershed length (L), 

slope (S), shape, Length to the centre of 

area (Lc). Others are shape factor (L1), 

circulatory ratio (Rc) and elongation ratio 

(R1) defined by Equations 9, 10 and 11 

respectively. 

(L1) = (L*Lc) 
0.3

   (9) 

     (10) 

     (11) 

Where Ac = area of circle having 

equal perimeter as the perimeter of 

drainage basin, Dc = diameter of a circle 

having same area as the basin to the 

maximum basin length (Lbm). Other basin 

morphological parameters are estimated 

using the empirical equations while some 

are measured directly from the 
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topographical maps in Global mapper 

environment. 

 

Results  

Basin Morphological and Hydrological 

Assessment 
The basin morphology was assessed 

using Global Mapper and AutoCAD 

2010 to digitize the topographic map of 

the study area in order to extract 

watershed morphological parameters. In 

determining the average channel slope, 

the entire basin was divided into seven 

(7) different distributaries marked S1, S2 

to S7 as indicated in Figure 1. The inlet 

and discharge elevations were obtained 

from Global Mapper for each tributary. 

Slopes for each tributary were computed 

and the average value was obtained as 

presented in Table 1. The average 

channel slope was estimated to be 

0.0057. Summary of the other results 

obtained from the computation of the 

watershed parameters is presented in 

Table 2. 

 

Table 1: Length and elevations for each distributory 

Tributary  
Length 

(m) 

Inlet elevation,  

E1 (m) 

Discharge 

elevation, E2 (m) 

 Slope, Si  

1 5,901.76 341.257 293.078 0.0082  

2 13,472.36 374.020 312.321 0.0046  

3 15,005.17 383.852 315.533 0.0046  

4 13,494.21 435.421 325.057 0.0082  

4 18,324.48 423.722 328.598 0.0052  

6 12,203.31 404.211 343.960 0.0049  

7 7,588.49 402.547 368.372 0.0045  

 

Table 2: Summary of the results obtained for basin characteristics. 
S/No Watershed Parameters Estimated Values 

1 Watershed Area (A) *830 km
2
 

2 Watershed Slope(Sc) 0.0057 

3 Average channel slope 0.00246 

4 Maximum Relief 205.358m 

5 Length of the main river                    *83.750km 

6 Length along the main channel from 

the outlet to a channel point nearest 

the watershed centroid (Lc)                  

 

 

*43.845km 

7 Perimeter of the river basin                         172.5km 

8 Maximum basin length 70km 

9 Elongation ratio 0.46 

10 Circulatory ratio 0.35 

11 Shape factor                                                                                            11.735 

*Parameters measured directly from the map using Global Mapper Tool 
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The basin hydrological characteristics 

are assessed through flow characteristics 

in the watershed, estimation of basin 

parameters through unit hydrograph 

development and rainfall analysis of the 

study area.  The flow characteristics 

analysis was conducted with 43 years 

flow data (1972 - 2014). The mean 

annual flow for the period of record was 

7.97m
3
/s. The mean and standard 

deviation for the period of high flow are 

1.822m
3
/s and 0.705 respectively. While 

for low flow are 0.053m
3
/s and 0.077 

respectively. Gumbel Extreme Value 

Type I & lll probability distribution 

function was used to fit the high and low 

flow periods respectively in order to 

predict its values for various return 

periods. The annual maximum and 

minimum discharges were separated for 

high and low flows analysis respectively. 

The low and high flows were obtained to 

be 0.0004m
3
/s and 3.5772m

3
/s with 

respective return periods estimated at 

about 4 and 44 years. This implies that a 

minimum flow equivalent in magnitude 

to 0.0004m
3
/s is likely to occur after a 

period of about 4 years. While peak flow 

of 3.5772 m
3
/s is likely to occur after 

about 44 years. The mean annual runoff 

depth was obtained as 6.5 mm/day.  

In developing unit hydrograph for 

Oyun river basin in order to obtain some 

hydrological basin parameters, SCS 

method was adopted. The parameters’ 

values obtained for tc, D, tL, tp and Qp 

were hrs, 2.07hrs  hrs, 

and 108.42m
3
/s respectively. 

The watershed characteristics required 

for generation of a unit hydrograph as 

estimated and obtained from the 

topographic map of the River catchment 

under consideration are presented in 

Table 3. 

  

Table 3: Parameters for the generation of unit hydrograph for Oyun river 
Basin parameters    L(km) tl(hr) D(hr) tc(hr) tp(hr) Qp(m

3
/s) A(km

2
) S (%) 

Values 83.750 9.317 2.065 0.155 10.350 108.420 830.000 0.570 

 

The calculated values for parameters tp and Qp were applied to the SCS dimensionless unit 

hydrograph to obtain the corresponding unit hydrograph ordinates. The generated unit 

hydrograph for the basin is as shown in Figure 2.  

 

 
Figure 2 Unit hydrograph for the river basin 
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Intensity duration frequency analysis 

was carried out with 25 years (1989-

2013) rainfall data. The annual mean 

values for the period of record and 

standard deviation are 269.847mm and 

64.34 respectively. For the design storm 

duration of 24 hours, the return periods 

for different recurrence intervals were 

selected to be 10, 20, 50, 100 and 200 

years. By applying Gumbel Extremal 

probability distribution for maximum 

rainfall intensity for different recurrence 

interval, the results are as presented in 

Table 5. The average rainfall intensity 

was estimated for the different durations 

and return periods and the intensity 

duration curve is presented in Figure 3. 

 

Table 5: Rainfall depth for the selected return periods 

Return periods (T) in  years 
 

(mm) 

10 2.25 358.80 

20 2.97 389.94 
50 3.9 436.62 

100 4.6 471.75 

200 5.3 506.88 

 

   
Figure 3 Intensity duration frequency curves 

 

Discussion 

Morphological assessment was 

carried out on Oyun river basin to 

determine the size and topographical 

features of the basin and how it affects 

the hydrological characteristics of the 

basin. The estimated drainage area of 

approximately 830km
2
 showed that it is a 

relatively small watershed and water will 

take little time to drain into the river, 

resulting in a short lag time with respect 

to drainage area. The basin slope was 

estimated by considering the inflow and 

outflow elevations difference for sub-
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basins within the river basin. Then, slope 

for each sub-basin were computed and 

the average basin slope value was 

estimated to be 0.57%. This indicates that 

the basin slope is not very steep and is an 

open undulating landscape. The 

maximum relief for the basin was 

estimated to be 205.358m by considering 

the highest and the lowest elevations of 

the watershed. The shape factor, which is 

dimensionless, represents the ratio 

between the square of basin length to the 

basin area (UNESCO, 2011) and 

estimated as 11.7 which is greater than 

1.0. This indicates that the basin is long 

narrow drainage basin. The circulatory 

ratio for the basin was obtained as 0.35 

(which is less than 1.00) indicating that 

basin is not circular in shape according to 

UNESCO (2011) classification. Also, the 

elongation ratio that relates the ratio of 

diameter of a circle having the same area 

as the drainage basin to the maximum 

basin length was obtained as 0.46 

indicating that the basin is relatively 

elongated. However, this is contrary to 

the results of a study carried out in India 

by Patil et al. (2015) using GIS and 

remote sensing techniques to estimate 

elongation ratio as 0.7844 and concluded 

that the watershed is less elongated as the 

values approaches 1.00. These 

parameters highlighted the morphological 

characteristics of the river basin that 

determine the hydrological behaviours of 

the basin. Considering the circulatory 

ratio to the elongation ratio, shape factor 

and slope, it was inferred that the basin is 

more elongated, narrow and not very 

steep in slope. Thus, water takes 

relatively longer time to reach the river 

with respect to steepness of the slope.   

In assessing the hydrological 

characteristics of Oyun river basin, flow 

characteristics was evaluated, rainfall 

intensity distribution was evaluated and 

unit hydrograph was developed. The 

annual flow characteristic of the river 

showed its behaviour in term of discharge 

over the years. In this study, monthly 

flow data was used and the annual 

minimum and maximum flow over the 

period of record (1976-2014) were used 

to examine the annual peak (flood) and 

least (low) flow characteristics of the 

river respectively. Flow frequency 

analysis shows the time interval before 

the next occurrence for any particular 

quantity of discharge. Gumbel Extremal 

method of analysis was used to predict 

the time interval for the highest and 

lowest flows of the river over the years of 

record to re-occur. The highest flow was 

3.5772m
2
/s which occurred in the month 

of September 1988 and the lowest flow 

was 0.0004m
3
/s in January 1981. 

Observing the flow record, September 

has the highest mean flow for the period 

of record of about 1.55m
3
/s while 

January has lowest mean flow of 

0.108m
3
/s. From the frequency analysis, 

it will take about 4 and 44 years 

respectively to have minimum and 

maximum flows of about 0.0004m
3
/s and 

3.5772m
3
/s respectively to reoccur in the 

watershed. In many studies, it has been 

reported that intensity and amount of 

rainfall highly affect the river discharge if 

rainfall is its major source. Thus, high 

rainfall signifies high runoff and 

subsequently high river discharge. In the 

area under consideration, the mean 

annual maximum flow for the river and 

mean runoff characteristic were estimated 

to be 7.97 m
3
/s and 6.5 mm respectively. 

This showed that the intensity of rainfall 

over the basin contributing to the volume 
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of the river discharge was 6.5 mm per 

day.  

SCS method was adopted to develop 

unit hydrograph for the basin. The peak 

discharge and time to peak were obtained 

from Figure 2 as 108.4m
3
/s and 

10.35hours respectively. This is useful in 

planning for flood situations and time of 

drought as they show discharge that 

originated from precipitation. Rainfall 

data was used in assessing rainfall 

frequency distribution, though, rainfall 

data for 1972 to 1981 were not available. 

It was observed from the period of record 

that September is always having the 

maximum rainfall with average of about 

232.33mm per year. However, December 

has the minimum of about 7.66mm 

followed by February and subsequently 

January with average rainfall of 14.45mm 

and 19.88mm respectively. The 

reoccurrence intervals for different return 

periods were evaluated using Gumbel 

Extremal probability function. The 

rainfall intensity for the said reoccurrence 

intervals were as reported in Table 5. It 

was observed that rainfall intensity 

increases as the period increases. The 

average intensity was obtained for the 

different reoccurrence intervals over 

different time durations as shown in 

Figure 3. This rainfall intensity 

distribution is significant in flood 

prediction for the design of water 

management infrastructure since it shows 

the amount of rainfall that can 

accumulate over certain duration. 

 

Conclusion  
The analysis of the morphological 

parameters showed that Oyun river basin 

is a relatively small watershed with an 

undulating landscape, elongated, narrow 

and not very steep in slope, thus water 

takes relatively longer time to reach the 

river. The hydrological assessment of the 

basin indicated that the volume of rainfall 

that contributes to runoff is relatively 

small compared to the total rainfall. This 

could be as a result of high evapo-

transpiration losses within the watershed. 

In addition to this, vegetation might also 

prevent adequate runoff by intercepting 

precipitation and adding to the rate of 

evaporation. Therefore, it can be deduced 

that the size, shape and other 

morphological parameters of the basin 

contribute to hydrological characteristics 

of the river basin. The analysis also 

showed that September is having the 

highest amount of rainfall and 

subsequently high stream discharge. 

Thus, flooding is expected in the month 

of September while drought may be 

expected in the months of December to 

February since they are having minimum 

precipitation values. The results of this 

study will be useful to river basin 

managers for resources management, 

planning, facilities development and 

hazards prevention.  
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