
Research Journal of Environmental and Earth Sciences 1(1): 1-5, 2009

ISSN: 2041-0492

© Maxwell Scientific Organization, 2009

1

Evaluation of Ephemeral Surface Flow at Ibiekuma Watershed 
in South Central Nigeria

                                                               

O. A. Ehigiator

Department of Civil Engineering, Ambrose Alli University, Ekpoma, Nigeria.

Abstract: The primary objective of this effort is the application at Ibiekuma watershed of lessons derived from

a large number of published and ongoing research projects on dry season surface flow and sediment yield at

the International Institute for Tropical Agriculture (IITA) Ibadan in South western Nigeria. The period covered

spans September through November which generally constitute the second growing season. The effect of the

spatial distribution of rainfall on runoff generation becomes increasingly important with the aridity often

experienced during this period and which necessitates an accurate assessment of available water, crucial to the

determination of crop water irrigational requirement. Runoff measurement was obtained through water

collection system aligned with a Gerlach type trough draining a twin plot of 10.71ha within Ibiekuma watershed

in south-central Nigeria. The study validated an exponential depth-averaged rainfall intensity formulation

developed at IITA for application in runoff and erosion modeling .There was a reasonably close agreement

between predicted storms kinetic energy using the exponential distribution and values obtained from the

Revised universal soil loss equation (RUSLE) with a coeffic ient of performance (CP) and an estimation

difference (ED) of 0.81 and 7.35% respectively. Average depth of runoff for the entire period was less than a

millimetre.
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INTRODUCTION

Rainfall depth-intensity distribution theory and

application. Rainfall kinetic energy represents the total

energy available for detachment and transport by

rainsplash  (Van Dijk, 2002). Consequently, knowledge

of the relationship between rainfall intensity and kinetic

energy is important for the prediction of erosion hazard.

Drop terminal velocity, and thus kinetic energy and

erosivity, are strongly influenced by drop size (Laws,

1941). Rainfall represents a distribution of differently

sized drops that attain corresponding different terminal

velocities in stable air. Therefore, drop size distributions

as measured in a volume of air and upon arrival at the

earth’s surface will be different (Marshall, et al., 1955),

(Uijlenhoet and Stricker, 1999). Raindrop size

distributions are generally described as unimodal and

positively skewed distributions that can be described w ith

less than three parameters (Uijlenhoet and Stricker, 1999),

although multimodal distributions have also been

proposed (Asselin de Beauville, 1988). A two-parameter

exponential distribution function was proposed by

Ehigiator and Anyata (Ehigiator and Anyata, 2007) for the

parameterizations of raindrop size distribution for use in

runoff and erosion modeling. 

eK = 28.5[1 – 0.44 exp(-0.044R)] (1)

where eK and R represent the drop kinetic energy and

rainfall intensity respectively.

To avoid the need for high time-resolution rainfall

intensity data, an  exponential depth-rainfall intensity

distribution was assumed for individual storms. It is

characterized by storm depth P (in mm) and depth-

averaged rainfall intensity Ì (in mm h-1). The latter is

calculated as:

(2)

The time intervals (D t) do not have to be of equal duration

in order to calculate Ì.

The total amount of storm kinetic energy (EK in J m-2) is

obtained from eq.(3).

(3)

where P represents the depth of rainfall while emax

denotes maximum kinetic energy contents and a and b are

empirical constants.  The coefficient a, together with emax

determines the minimum kinetic energy contents (i.e. the

value attained at very low rainfall intensity). The

coefficient b on the other hand defines the general shape

of the curve. A low value of b will result in a curve that

only gradually approaches emax at high rainfall intensities

(Kinnell, 1980). Values of the coefficients in Equation 3

( emax=28.5 J m -2 mm -1, a=0.44 and b=0.044 h mm-1,

respectively) were based on the average parameter values

that were derived for different sites with the best data sets,

under hydrological conditions and climate similar to the

case studied at IITA in South west Nigeria.
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The coefficient of performance (CP) as defined by

the following equation was used to compare measured

and estimated values (James and Burgess, 1982):

(4)

where M(i) is the ith measured value, E(i) is the ith

estimated value, and  is the mean of the measured values.

CP approaches zero as estimated approach measured

values.

MATERIALS AND METHOD

The study area. Ibiekuma river basin is located 3.5

km away from the south western edge of Ambrose A lli

University (AAU)  Ekpoma, between latitude 60 411 -60491

N and longitude 60 01 -60 141 E  . The Ibiekuma river is the

headwater of Orhionmwon and flows through Ebute

village at Iruekpen and AAU campus before joining the

Ethiope river on its southward course. This basin drains

approximately 160.41km2, situated on the top of the Ishan

plateau which has been deeply dissected by fluvial

processes, the plateau being the source of most streams

within  the region. The topography is mainly one that rises

steadily with a relative relief of 150m at the catchment

base, the highest elevation of about 450m being on the

plateau. 

The catchment area is underlain partly by both the

Bende-Ameka forma tion and Ogwashuku-Asaba

formation whose boundary may be difficult to establish.

An Oligocene-Miocene age has been suggested for the

formation.

The soil classified as ferralsol reflects the final effects

of weathering and leaching that are reached under humid

tropical climates. In earlier surveys soils found in the

catchment were all classified according to USDA

taxonomy as altisols. In the more commonly used

Nigerian Sol classification these soils are categorized as

Reddish brown or Red latosols. The site is mainly silty

sand with some forms of coarse aggregate characterized

by a type of laterite soil belonging to the ferruginous

tropical soil. The soil size ranges from silt to gravel. This

region has thick vegetation made up of moist deciduous

forest that is very rich in timber resources. 

Details of the plots setup including the runoff

collection system are shown in Plate1. An opening was

provided at the bottom half of the retaining wall aligned

with a Gerlach type trough. Through the opening, four

100mm diameter PVC pipes acting as the apron were laid

with one end at the mouth of the opening in the retaining

well. Then a chicken wire mesh was placed across the

entrance of the opening of the apron. The PVC pipes and

Table 1: Characteristics of Ibiekuma w atershed and run off collection

system

Catchmen t’s Area

Area of Plot 10710m 2

Vegetation type on plot Long  field grass

Trench Dimension

Trench shape Rectangular

Re tainin g w all

length 3.846m

height 0.59m

shape concave

Apron

Type PVC  pipes

Diameter 4 x100mm

Len gth 1640mm

Sedimentation tank

Shape Squ are

Material used Welded galvanized steel

Dimensions

Len gth 700mm

Breadth 700mm

De pth 660mm

Volume of tank 0.323m3

Numb er of Tubes 16

Tube length 100mm

Tube diameter 23mm

Tap size 12.5mm

Number of Taps 1 at bottom

Overflow tank

shape Cylindrical

Material used steel drum

Tank dimension

Diameter 570mm

Height 900mm

the wire mesh were held together by a lightweight

concrete (mortar) to the retaining wall. This was

constructed such that the entire upstream runoff is

directed into the PVC pipes while the other ends of the

pipes were made to project over the trench below which

a sedimentation tank was installed. The end of the PVC

apron was fitted with PVC elbows facing downwards to

the position of the sedimentation tank. 

A steel drum with a top cover, having dimensions as

specified in Table 1 serves as the overflow tank. It has a

tap fitted at the bottom and a hole with a tube welded at

the top. The overflow tank was installed on the floor of

the trench close to the sedimentation tank. Three non-

recording rain gauges were installed at different locations

on the runoff plots. Height-volume rating curves were

established for the basins and drums to allow runoff

volume to be determined from measured water level. In

all cases runoff volumes were divided by projected plot

area to derive runoff depths.

Soil physical properties were measured during the dry

season from November to March. Each particle size

distribution test was carried out with 50 gm of oven-dried

sample following standard procedures stipulated in BS

1377 (British Standard Institution, 1990). Other properties

measured included soil bulk density, percent aggregation

and soil moisture content.  

Most calculations were made in a spreadsheet

environment, with numerical approximations for the

normal and inverse exponential integral functions. 
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(5)

Comparison between measured and model-estimated

values: For comparison of RUSLE-measured runoff

parameters and model’s predicted values for this study,

CP (as defined earlier) and estimation difference (ED), as

defined below were calculated.

Terms used in this equation were defined earlier. This

ED is similar to the “percent error” used by Perrone and

Madramootoo (Perrone and Madramootoo, 1997; Perrone

and Madramootoo, 1999). The ED, for the same amount

of difference between an observed value and estimated

value becomes larger in cases of overestimations

compared to values with underestimations (because of a

smaller value in the denominator). The CP will be

important to evaluate the  event-to-event assessment

capability of this modeling process.

RESULTS AND DISCUSSION

Table 2 presents the characteristics of the eight

rainfall events that occurred during the months of

September to November. The rainfall events lasted from

between 18 to 47.4 minutes with average intensity ranging

from 38.4 to79.1mm h-1 and rainfall amount of 38.3 to

79.1 mm while the average runoff was less than 1

millimetre.

The median size of water-stable aggregates of the

topsoil, determined through wet sieving was ca. 0.35mm.

Oven dry bulk density of the top soil was 1.78 KNm -3 and

an average permeability of 0.000004m/s at 29oC. The

percentage of the average moisture content was 14.5%.

The median particle size (D 50) for the two plots were

0.35mm and 0.38mm while the corresponding uniformity

coefficient (Cu =D60/D10) was 2.2 and 2.5 respectively.

Consequently, the soil could be considered well-graded as

Cu is between 2 and 3.

It can be observed that the runoff produced is not a

linear function of the rainfall (Fig.1). This was due to the

effect of several parameters, including land cover, soil

texture, and hydrologic condition of the watershed. The

relationship between the runoff produced and rainfall

amount for this study could best be described by a third

degree polynomial with a correlation coefficient (R2) of

0.6233. The energy intensity (EI) value for each

individual storm was estimated by assuming that the

probability for the EI value had the same probability of

the rainfall event. The RUSLE erosivity factor,

represented by the kinetic energy intensity (Yu, 1998) as

calculated from the original measurement was compared

with the model’s estimate (Table 3).The coefficient of

model’s performance vis-à-vis RUSLE computed values

Table 2: Me asured run off and rainfall param eters

Da te Runo ff Time (h our) Rain fall Intensity Average 

dep th  (cm) dep th  (mm) mm/hr  intensity

Sept 0.0103 0.1 3.70 37.00

12,2006 0.13 6.10 46.92 49.32

0.17 12.30 72.35

0.2 8.20 41.00

Oct 0.0145 0.25 24.00 96.00

9, 2006 0.08 7.00 87.50 77.94

0.17 15.00 88.24

0.05 2.00 40.00

Oct 0.0138 0.17 14.00 8.94

13, 2006 0.08 6.30 78.75 76.25

0.17 11.40 67.06

Oct 0.0116 0.25 20.00 80.00

14, 2006 0.1 6.10 61.00

0.17 12.20 71.76 77.78

0.13 9.40 72.31

0.13 7.00 53.85

Oct 0.0153 0.25 22.10 88.40

16, 2006 0.08 8.00 100.00 79.12

0.17 16.10 94.71

0.08 6.00 75.00

0.08 3.00 37.50

Oct 0.0090 0.17 10.80 63.53

22,2006 0.2 6.30 31.50 38.34

0.1 2.00 20.00

Oct 0.0123 0.08 7.40 92.50

26,2006 0.13 8.10 62.31 71.41

0.17 13.10 77.06

0.08 4.30 53.75

Nov 0.0096 0.08 4.20 52.50

2nd,2006 0.17 10.60 62.35 46.289

0.05 1.20 24.00

Table 3: Storm  RU SL E ero sivity par ame ters com pared  with m odel e stimate

Parameter RU SL E (C al.) M OD EL  (est.) Perform ance Indicators

------------------- ------------------ ----------------------------

Tota Avg Total Avg ED CP

EK (E) Jm -2 105.32 13.16 112 .4 14 6.28% 0.071

R 30 (I30) mmh-1 - 75 - 72 -

EK  R 30  (EI) 8188.01 102351 8790.11 1098.77 7.35% 0.8075

using the eight storms for kinetic energy intensity and

maximum 30 minutes rainfall intensity prediction were

0.8075 and 3.17 respectively. A regression of 0.9361 was

obtained when the graph of runoff depth (mm) was

plotted against rainfall intensity (mm/h). The maximum

rainfall within the period under consideration occurred on

the 16 th of October, 2006 resulting in a runoff of barely

0.02mm (Fig. 2). Although no systematic pattern could be

established, however, clusters of greater storm depths

occurred within shorter periods as the rainfall dampens

out.

Agreement between predicted and observed 30-

minute max. rainfall intensity as depicted in F ig. 3

indicate a correlation coefficient of 0.7371. Predictions of

the 30-minute maximum average intensity (R30) using the

exponential distribution theory had an average standard

error of 16.8% when calculated from data that have been

resampled into one-minute interval with an under-

estimation of 5.3%. The reason for this is primarily that

the chronology of rainfall during events is not taken into

consideration when using Ì (Yu, 1999): the predicted 30-

minutes of high rainfall intensity may have occurred as

separate clusters instead of during a continuous period.  

However, total estimated values were reasonably

close to the RUSLE calculated values with ED values of

6.28 and 7.35% for the storm kinetic energy and erosivity

factor  respectively.  The  relationship  between RUSLE
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Fig.1:  Relationship between rainfall and runoff for this study

Fig.2: Variation of rainfall amount with duration on 16 th

October, 2006.

Fig. 3: Agreement between predicted and  observed 30-minute
max. rainfall intensity

Fig. 4:  Storm kinetic energy (predicted) vs. rainfall depth

 

Fig.5:  RUSLE kinetic energy versus rainfall depth

Fig. 6:  Rainfall erosivity factor predicted vs calculated values
using RUSLE theory

computed EI values and rainfall amount P (Fig.4) could
be represented by the following equation with a
correlation coefficient of 0.8802.
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EIR = 0.0112P3- 0.9854P2 +48.11P (6)

while the estimated values using the exponential

depth-averaged rainfall intensity formulation resulted in

the following expression with a correlation coefficient of

0.9642 (Fig.5).

EIp = 0.0121P3 – 0.4856 P2 + 27.64P (7)

where EIR, EIp are the respective RUSLE calculated and

predicted estimate of the energy intensity ( J m -2  mm h-1),

while P (mm) represents the rainfall amount.   

A logarithm relationship (Fig.6) existed between the

model’s estimated erosivity factor and RUSLE calculated

value; expressed as eq. (8) with an R2  of 0.9274.

EIp = 532.Ln EIR   - 2598.1 (8)

CONCLUSION

The exponential depth-averaged rainfall intensity

formulation proved to be a suitable tool to map the rainfall

energy intensity for the studied environment with the

attendant beneficial implication for runoff modeling.  

In Nigeria, apart from the 54.9 ha drainage area of

monitored watersheds at IITA under the West Bank

project, watershed research network is non existent.

National and regional hydrological needs will continue to

dictate implementation programs of monitoring in

experimental/ research basins. International collaboration

may bring about considerable cost reduction by exclusion

of monitoring aspects that can be evaluated based on the

monitoring in other, similar conditions. However it is

imperative that local representative experimental drainage

basins be established in each of the eight hydrological

areas (North Benue, Niger Central, Upper Benue, Lower

Benue, Niger South, Western Littoral, Eastern Littoral and

Lake Chad) of Nigeria for effective management of the

nation’s  abundant w ater resources. Advanced

international collaboration on validation and calibration of

and consistency in monitoring means, as w ell as synthesis

of lessons derived are required for maximizing our

understanding of water and sediment basin responses in

various global regions. 
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