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ABSTRACT

An event based model for estimation of sediment yield and runoff

volume showed a reasonable result when compared to the measured values.

MUSLE and SCS runoff models were used to predict sediment yield and

runoff volume from the Korisheleko Watershed. Parameters for the

models were estimated using soil loss data from test plots, soil survey

data, land use data, and topographic map of the watershed. The

predicted sediment yield and runoff volume were compared with the

measured values. Statistical analysis including a paired comparison test

and simple regression were made to validate the MUSLE and SCS runoff

models. A peak flow equation for the watershed was developed applying

a Unit hydrograph principle. The developed equation was based upon

common rainstorm events of 1983 with an effective rainfall duration of

30—minutes. Individual components of the models could be improved with

further research and data.
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CHAPTER I

INTRODUCTION

The Korisheleko watershed of northeastern Ethiopia is in an

agricultural area, with a cultivated portion of more than 45 percent of

the total area.	 Subsistence cropping systems, without sound

conservation practices, are exercised on this steep mountainous

watershed. Since March 1983, contour bunds with a total length of 53.6

km. were constructed on the watershed. An estimated area of 69

hectares was treated (Hurni, 1983). The effects of this treatment on

the hydrologic regime of the watershed needs to be evaluated to

determine its effectiveness in improving production and reducing soil

loss. It was believed that analysis of the hydrologic process in the

Korisheleko catchment, using predictive models, could help determine the

environmental consequences resulting from land use practices. Moreover,

the same information could, with caution, be transferred to watersheds

with similar characteristics in the same geographic area where there are

no stream gauging or sediment measurement stations.
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CHAPTER II

OBJECTIVE

The objectives of this study include the following:

1) to test the validity of MUSLE model for estimating sediment

production on Korisheleko watershed;

2) to define curve numbers for the Korisheleko watershed and predict

runoff with the SCS runoff equation and compare the results predicted

with the equation with measured runoff;

3) to develope a peak flow equation with unit-hydrograph method, and to

correlate the results with the actual data.
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CHAPTER III

BACKGROUND

Sediment is recognized as one of the leading agricultural

pollutants. It is defined as the total sediment outflow from a

watershed or drainage basin, measured at a cross section of reference

and in specified time periods (ASCE, 1975).	 Several negative

consequences due to erosion are reported. Foster and Meyer (1977)

reported that erosion and sedimentation reduce productivity of cropland,

degrade water quality, carry polluting chemicals, and reduce the

capacity of water conveyance structures. In identifying the sediment

source, they included construction sites, roadways, disturbed forest

lands, surface mines, natural geologic "badlands," concave slopes, and

vegetative strips, flood plain and reservoirs, as sediment sinks.

Factors found to be more closely related to erosion and sedimentation

include climate (hydrology), soil, topography, and soil surface condition

(Wischmeier and Smith, 1978; Foster and Meyer, 1977). Foster et al.

(1980) described sediment yield to be a function of detachment of soil

particles and the subsequent transport of these particles.

Sediment yield from a watershed is the result of the interaction

between input and watershed parameters. Currently, several sediment

yield prediction methods are available which have been designed for

various purposes. 	 Onstad et al. (1977) classified sediment yield

predictive methods into two general groups:

3
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1) statistical Equations, which relate sediment yield to one or more

watershed or climatic factors; and

2) deterministic Models, which include parametric approaches and those

using time variant interactions of physical processes.

Modfied Universal Soil Loss Equation (MUSLE), a modified form of

the original Universal Soil Loss Equation (USLE), falls under the

parametric approach. Both equations and their factors are based on the

observation of erosion and erosion processes rather than on

theoretically derived relationships. The MUSLE lumps together the

detachment and transport process of erosion, and hence, MUSLE may not

give best results for broad spectrum of field-size condition (Foster et

al. 1980). However, it is extensively tested and well documented

throughout the United States. The MUSLE is capable of predicting

sediment yield from individual storms. Williams (1975a) used data from

18 small watersheds from 2.7 to 4,380 acres in the Texas blacklands and

in Hastings, Nebraska, to modify the USLE in order to predict soil loss

from individual storms. The developed equation explained about 92

percent of the variation in the sediment yield, for the area tested.

Khanbilvardi and Rogowski (1984) compared predicted sediment yields,

using MUSLE with a delivery ratio and a fundamentally derived erosion-

deposition model, for two watersheds in Hastings, Nebraska. MUSLE

explained above 90 percent of the variation for both watersheds, but

showed higher values of standard error of estimates. Williams (1982),

tested MUSLE for 50 watersheds which have a wide variety of conditions,

with R2=0.8, or greater, for most of the watersheds.
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MUSLE consists of parameters which reflect the cover management

and support practices on the watershed, which provide a method for

evaluating the hydrologic effects of land use changes. Also, in areas

where soil loss is dominated by a few storms in a year, average annual

loss can be estimated by MUSLE. The other output from a watershed

which requires estimation is a runoff volume.

Runoff process is one of the basic components of hydrologic

process in watershed systems. The derivation of a reliable procedure

for computing runoff from precipitation, and possibly other

meteorological factors, is the core to many hydrological problems. Such

relationships were used in the design of hydraulic structures in

preparation of river forecast, and in evaluating the effects of land use

changes. Many approaches have been applied to determine the amount of

excess rainfall from a given precipitation. The purpose of each approach

has been to develop a mathematical model providing a linkage between

measured quantities of precipitation, and the resulting quantities of

runoff. Four basic approaches are briefly described as follows:

1) Threshold Concept = assumes no runoff until the moisture deficit is

replenished. If the deficit equal d, then precipitation P will result in

amount of runoff Q=P-d, where P>d.

2) Graphical Techniques = indices are used commonly in this procedure.

Usually, antecedent precipitation index (API), time of year, and storm

duration, are three major variables employed in this technique.

3) Infiltration Concept = Horton (1939, 1940) initiated the infiltration

concept and developed a well known infiltration equation. The prediction
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of the value of initial infiltration capacity (fo) and time variability of

rainfall intensity during a storm produce some difficulties in using the

equation. To avoid these difficulties, which arise from expressing the

infiltration capacity as a function of time, Holton (1961) expressed the

infiltration capacity as a function of remaining volume of potential

storage above a confining horizon, Fp, and the permeability of a

confining zone, fc, namely, f=fc+aFpn. This approach improves the

situation during a storm period, when rainfall intensity is less than the

infiltration capacity. However, the difficulty of estimating Fp at the

beginning of the storm remains.

4) Functional Relationships = these relationships include equations

developed using least square regression analysis, which relates runoff

to precipitation and related variables. Functions are derived from

observed rainfall and runoff data. The method developed by U.S. Soil

Conservation Services (1972) is based on a curve that approaches a 45 0

slope, as rainfall increases. The SCS predictive equation reflects land

use changes.

All the above methods have advantages and disadvantages,

depending on the purpose of the predictions and the amount of data

available. For this study, where the main purpose was to reflect land

use practices, the SCS functional approach was selected.



CHAPTER IV

DESCRIPTION OF STUDY AREA

The 116 hectare Korisheleko watershed is located in the province

of Wello, in the northwestern portion of the Awash river basin, which

has an area of about 55,000 km2 (Figure 1). The highest and lowest

altitudes are 2860 m and 2540 m respectively. The Korisheleko stream

divides the watershed approximately in half. The upstream portion of

the stream is intermittent, and the lower portion perennial. The

gradient of main stream averages about 12 percent. The highest stream

flow recorded in 1983 was 15.6 m3/second, while the lowest flow was

0.0002m3/second.

Although Ethopia is a tropical country, it experiences a mild

climate because of its physiographic features. The terms "small rainy

season" and "big rainy season," reflect the general trend in weather,

even though, monthly and seasonal, temporal variation are extremely

high. The "big rainy season" extends from July to the end of September.

It is connected with the North-South movement of the intertropical

convergence zone, and receives moisture from the Westerlies (Westphal,

1975). During this period, rainfall is continuous for several days, but

after passage of the intertropical convergence zone, afternoon showers

are common, which is characteristic of equatorial air masses (Suzuki,

1967). The "small" rainy season extends from March to June. Low

pressure air masses, migrating from the Mediterranean, is accompanied

7
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with the retreat of the Siberian high towards the Indian Ocean. This

coincides, dominantly, with the "small" rainy season. The three year,

average annual rainfall of the Korisheleko catchment is about 1320 mm.

More than 85 percent of rain falls during both the "small" and "big"

rainy seasons.

The Korisheleko watershed is steep, with an average slope of 42

percent. About 82 percent of the total area ranges between 30 and 100

percent (Hurni, 1981). Soil in the area varies greatly in effective

depth. The dominant soil unit is Halphic Phaeozem, based on the

FAO/UNESCO system, with variable soil depth limitations (Figure 2). From

limited information, the surface soil appears to be medium textured, and

dominated by a silt fraction.

Korisheleko is an agricultural watershed, with about 40 percent

under cultivation. Woodlands, mainly Juniperus procera, occupy about 37

percent of the area and the remaining 23 percent is in grasslands. The

land use survey for 1983 describes crop types and coverage. Areas

occupied by woods and grasslands were approximated from a land use

survey report of 1981 (Hurni, 1981). In both "big" and "small" rainy

seasons, maize cropping constituted 9 per cent of the total area.

Barley constituted about 22 percent of the total area during the "small"

rainy seasons. Bean cultivation constituted 10 percent of the watershed

during the "big" rainy season. Data from a land use survey are given in

Tables 1 and 2.

Contour bunds on the watershed are constructed of stone or soil

mounded about 20 cm high along the contour to retain the excessive
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Table 1.— Land use data for first crop season (March to June)

Land use

Maize
Barely

:
:

:
:

Area
(hac.)

12.48
25.70

: Remarks

Ester wheat : 2.50
Pea : 0.73
Teff : 0.42

Wheat : 0.37
Lentil 0.22
Onion : 0.03

Fallow plogh : 2.58
Fallow grass : 0.68
wood land : 43.28 :	 Figure taken fro. 1981 report (Hura1, 1981)

Grass land 27.20 :	 Figure taken	 fro. 1981	 report (Hurn1, 1981)

Total : 116.00

Table 2.— Land use data for second crop season (July to August)

Land use
:
:

Area
(	 hat.) Reaarks

Beans : 10.79
Maize 9.81
Teff : 4.06
Peas : 3.47

Eaner wheat : 2.28
Barely : 1.31
Lentil 0.95
Wheat 0.19

Linseed 0.06
Fallow 10.27

Wood land 43.28 : Figure taken from 1981 report	 (Hurni, 1981)

Grass land

Total :

29.50

116.00

: Figure taken from 1981 report 	 (Hurni,

:

1981)
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runoff within the basin behind the bund. The vertical interval varies

according to slope and soil depth, but generally is about 2 and 5 m on

gentle and steep slope, respectively. The concept of contour bunds is

that they will eventually develop into bench terraces (Hurni, 1981).

An evaluation of the land treatment practices on the Korisheleko

catchment is one of the primary goals for the community. At the time of

this study, only data from 1983 were available, which made it difficult

to use models, most of which require 2 or more years of hydrologic data.

However, with the data at hand, event based models, which can reflect

land management practices, were chosen to meet the objectives. The

study reported here is based on estimation of the parameters, which all

require long years of direct research. Hence, it should be noted that

these estimates were based on minimal amounts of data, and additional

verification is definitely required.



CHAPTER V

METHODS AND PROCEDURES

Runoff and Suspended Sediment Data 

A stage-height record of the river flow, with stage discharge

equations, were supplied from a soil and water conservation research

project. Flow was measured at a minimum of 10 minute intervals, when

stage was changing frequently, and a maximum of more than 24 hours,

when water level was not changing appreciably.

Hydrographs were developed using the flow records and discharge

relationships. Since the river was perennial, flow separation was

necessary to determine rainfall excess. Generally, a perennial stream

flow hydrograph consists of surface runoff, interflow, and groundwater

flow, based upon the route and time of travel. But, since the path

followed is not distinct, the classification is arbitrary. For this

study, it was found important to divide flow into direct runoff and

basef low. Direct runoff consists of channel runoff, surface runoff, and

subsurface flow.

The 1983 rainy season produced a total of 42 runoff events

during the period of March to September. The events are listed in Table

3. For this study, a storm event was defined as one in which a distinct

peak is produced. In four cases (July 27, August 8, 20, 23 and September

18), double peaked hydrographs were observed. In one case (August 30) a

triple peak hydrograph was observed. Each of the multiple peak

13
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Table 3.- Rainfall, runoff, and suspended sediment data for

42 events

Storm
no.

Date :
:

:
Total	 rainfall 	

(mmi	 :
:

Runoff hydrograpn

Volute	 Peak flow
(	 to	 )	 (i3isec)

:
Suspended

sediment

(s.ton1

1 .' 3.4.83 25.91 : 0.1397 : 0.026 85.5
2 .' 3.5.93 : 11.94 : 0.3251 . 0.095 4538.74
3 .. 3.10.33 : 23.27 : 1.5316 : 0.726 38725.2
4 : 3.11.83 : 23.11 : 2.5222 .. 1.652 82936
5 3.15.83 : 3.04 : 0.0508 : 0.017 : 58.72
6 : 317.83 : 5.08 1.4376 : 1.007 : 22038.24
7 : 3.21.93 : 11.19 : 0.2426 : 0.109 : 806.65
B : 3.27.33 : 7.11 0.1245 : 0.042 522.6
9 4.16.83 : 12.19 : 0.0584 : 0.01

10 4.18.93 : 14.22 0.5519 : 0.156 2736.01
11 5.03.93 : 43.69 1.9202 : 0.496 46617.07
12 5.15.93 : 29.72 0.5385 : 0.086 788.4
13 5.22.83 : 6.1 : 0.6792 : 0.192 1533.78
14 5.23.83 : 50.29 : 29.5834 : 15.36 834312.6
15 5.25.83 : 19.58 : 7.0028 : 4.689 235344
16 6.1.93 . 9.4 2.1361 . 0.7 13488
17 7.25.83 : 24.38 : 0.6045 : 0.379 17328
18 7.27.83 14.73 0.414 : 0.119 804
19 7.28.93 : 33.53 : 2.9845 : 0.398 23682
20 7.31.93 : 13.21 : 3.1826 : 0.984 24966
21 8.1.33 27.38 7.178 : 2.664 100044
"- 3.3.93 7.2 : 0.2184 : 0.048 408
23 8.8.83 17.53 : 2.3165 : 0.676 8382
24 8.10.83 26.16 : 6.6751 . 1.007 23604 
25 8.12.83 : 6.86 : 0.3302 : 0.062 :

26 8.13.83 6.6 : 0.1651 . 0.048
27 B.16.83 : 40.13 : 4.5999 : 2.204 91956
28 8.18.93 22.86 . 1.8059 : 0.379 16290 
29 8.19.83 : 8.89 : 0.696 : 0.344 7146
30
31

8.20.83
8.23.83

•.

:

6.6
6.1

:

:

0.8661
0.3937

:

: 0.114
0.23 9480

6738
32 8.23.83 : 9.46 : 0.6401 : 0.14 8634
33 8.24.83 : 9.65 : 1.7374 : 0.234 4164
34 8.24.83 : 7.37 : 1.9634 : 0.379 2544
35 8.30.83 : 11.68 : 0.2921 •. 0.119
36 : 8.30.83 : 8.38 : 0.475 : 0.248 : 3768
37 : 8.30.83 : 7.11 : 1.1557 : 0.417 7428
38 : 8.31.83 : 6.86 . 0.1727 •. 0.059
39 9.2.83 : 3.81 : 0.3073 : 0.074
40 9.11.83 : 39.12 . 2.1336 •. 0.119 : :

41 9.18.83 : 10.41 : 0.0787 : 0.014
42 9.18.83 : 4.06 . 0.188 : 0.009 : :
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hydrographs were separated into two and three, single peaked

hydrographs, which are listed separately in Table 3.

There are several techniques of separating direct runoff from

base flow (Linsley et al. 1985, Barens, 1940, and Hewlett and Hibbert,

1967). The dividing line between runoff and base flow is indeterminate

and can vary widely. But usually, a simple and consistently used

technique gives adequate results in practice.

For this study, a simple depletion equation was employed to

define the recession portion of the hydrograph. The equation used was:

Q = QoKr t

where Q = Flow at any instant

Q0 = Flow at t-time latter

Kr = Recession constant

t = Time interval between Q and Q0

A rainless portion of the hydrograph, after peak flow, was

plotted on semi-log paper to determine recession constant. On some

hydrographs, no adequate, close interval, measurements of flow were

available for the recession part of the hydrograph which created some

problems. The beginning of surface runoff was identified by observing

the rainfall pattern and depletion curve of the hydrograph existing prior

to the runoff event. Results of the direct runoff analysis for 42

events is given in Table 3.

Suspended sediment is defined as the material moving in

suspension in a fluid, being kept in suspension by turbulent fluctuation

(Grade and Raju, 1978). During most of the runoff events, suspended
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sediment data were collected, (Table 3). Discrete distributions are used

to describe count or enumeration data; where as continuous distribution

assumes any value within a count or an interval. The continuous random

variables is more frequently encountered as the mathematical model to

simulate the physical phenomena (Benjamin and Cornell, 1970). A stream

flow rate is usually dealt as continuous quantities. The inadequacies of

measuring devices and cost limitation restricts the information to

discrete values. The theoretical framework that define the sampling

interval for suspended sediment is ambiguous and confusing (Thomas,

1985). In this study, discrete water samples were collected at close

intervals for the subsequent analysis of suspended sediment yield. When

the stage was changing rapidly, suspended sediment was measured at a

minimum of 10 and a maximum of 30 minute intervals. When flow was

approaching the peak and right after the peak, measurements were made

for 10 minute intervals, for only a few of the hydrographs. Suspended

sediment was estimated between time intervals greater than 10 minutes

by linear interpolation. For rainfall events of low intensity, sediment

concentrations usually coincide with direct runoff peaks and slowly

decreased thereafter. Conversely, for intense rainfall events, the

sediment peak precedes the direct runoff peak (ASAE, 1975); this might

justify the interpolation during the rise and recession of the direct

runoff, and might not contribute a large error to the estimates made of

total suspended sediment yield. The suspended sediment discharge for

ith time period was computed with the equation:
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Si =

Where Si= suspended sediment discharge in metric ton/second

Qi= average water discharge in m3/second at time i

Ci= suspended sediment concentration in meter ton/meter3 at time i

The total suspended sediment yield for the given event was then

integrated for the duration of runoff (Table 3).

Evaluation of The C-factor For Test Plots 

The MUSLE uses USLE factors (averaged over the watershed area),

except that the R factor is replaced by a function of runoff volume and

peak runoff. The estimation of the other parameters required by USLE

can be used for MUSLE, and vice versa.

The original form of the USLE was developed using more than

10,000 plot years of data from natural runoff plots and small

watersheds for a wide range of soils, slope length, slope steepness, and

crop and management practices. It was originally developed for

predicting soil loss from croplands in eastern and midwestern United

States (Foster, 1982). The development of rainfall simulators were

later used in field plots to refine the rainfall erosion index, the soil

erodibility factor, and cropping and management factor (Wischmeier,

1978). The USLE as given by Wischmeier and Smith (1978) is:

A =RKLSCP

where A = the computed soil loss per unit area, expressed in units
selected for K and for period selected for R

R = rainfall and runoff factor. It is expressed by the
number of erosion index units.
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K = the soil erodibility factor. It is defined as the loss
rate per erosion index unit, for a specified soil, as
measured on a unit plot which is defined as a 22.13 m.
length of uniform 9 percent slope continuously in
clean-tilled fallow.

LS = the slope length factor and slope gradient factor. The
slope length factor (L) is the ratio of soil loss from
the field of a given length, to test from a 22.13 m.
length, under identical conditions. The slope
steepness factor (S) is the ratio of soil loss from the
field slope gradient to that from a 9 percent slope,
under otherwise identical conditions.

C = the crop and management factor. It is the ratio of soil
loss from an area with specified cover and management, to
that of an identical area in tilled continuous fallow.

P = support practice factor. It is defined as the ratio of
soil loss with support practice like contouring, strip
cropping, or terracing to that with straight row forming
up and down the slope.

Only the R and K factors have units in the equation; the rest of

the factors are dimensionless ratios. The USLE predicts soil loss poorly

on a storm event basis because of effects of secondary variables on the

factors used in the equation (Wischmeier, 1976; Beasely, 1972). In

particular, the factors include antecedent moisture, tillage, implement

compaction, soil crusting by prior rain, and progressive changes in plant

cover.

A variety of land use and conservation practices were exercised

on the watershed. This makes it difficult to apply the Universal Soil

Loss Equation to the entire watershed. However, runoff plot data were

available.

Four test plots with size of 15m x 2m were installed on the

watershed in 1981 by the Soil Conservation Research Project to collect
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soil loss data. Only the data for 1983 were available for this study,

however. Major land uses similar to those practiced on the watershed

were represented on the test plots. The crop and agricultural calender

for the four test plots is given in Table 4. The R-factor was evaluated

using only the 1983 data.

The value of the erosivity parameter (El) for a particular

rainstorm is the product of its maximum 30 minute intensity and total

kinetic energy (Wischmeier and Smith, 1978). If size and terminal

velocity of rain during a storm are known, the kinetic energy of the

storm can be calculated. The measurement of these parameters is not

practical, and hence, they were assumed to be directly related to rain

intensity by Wischmeier and Smith (1958) who developed the equation:

E = 210 + 89 logio I

E = kinetic energy per cm. of rainfall in metric ton-meter
hac/cm

I = rainfall intensity in cm/hr

The original USLE assumed an increase in drop size as the

rainfall intensity increased (Wischmeier, 1958). Later, studies by Carter

et al. (1976) in the southern United States and Hudson (1963) in South

Africa reported that the median drop size decreased with rainfall

intensities above 7.6 cm/hr. These areas have greater and more intense

storms than east of the Rocky Mountains, where the USLE seems to be

more accurate.

The EIN term in the USLE equation was determined by regression

analysis of soil loss data from 22.13 m long, natural runoff plots,

maintained in continuous row crops (Wischmeier and Smith, 1958;
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Wischmeier, 1959). Several rainstorm parameters, including rainfall

amount, rainfall energy, maximum 30-minute intensity, maximum 15-minute

intensity, and the interaction of these variables were taken as

independent variables (Wischmeier and Smith, 1958). The product of

maximum 30-minute intensity and the energy parameter of the rainfall,

accounted best for measured soil loss. The energy term indicate

raindrop detachment, while the maximum intensity component indicated the

prolonged peak rates of runoff (Wischmeier and Smith, 1978).

For this study, no regional quantification of the rainfall

erosivity was available.	 In western Africa and South Africa,

considerable research has been made to define the erosivity parameters

for particular geographical areas. A literature review of this work is

presented by Armstrong et al. (1978). A one year test plot data in

Kenya suggests that Ely) term can predict the erosivity factor with

reasonable accuracy for conditions found in Kenya (Ulsaker and Ostad,

1984). For this study, the methodology developed by Wischmeier (1978),

was used to estimate rainfall erosivity factor for the year 1983. The

following criteria were used to select the erosive storms:

1) Rains separated by six hours or more, with less than 6.35 cm., was

defined as break between storms,

2) Rain events of less than 6.35 cm were used to calculate the

erosivity if their maximum 15-minute intensity was above 2.41 cm/hr; and

3) For given rainfall event, if the rainfall intensity in any interval

exceeded 7.5 cm/hr, it was limited to this value.
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Based upon the above definitions, a total of 33 erosive storms

were obtained. The total R-value was 488 M ton-meter cm/hec-hr. Since

the soil loss data from the test plots were collected after two or more

erosive storms, the addition of the El values for that time period was

necessary. The relationships between soil loss and the El term is

linear, and hence, can be additive (Wischmeier and Smith a 1978). The El

term for each storm was calculated as:

Ei
1=1

E130 - 	
102

* 130

where El = kinetic energy of a storm, (M ton-m-cm)/(hec-hr)

E = kinetic energy of a storm in M ton-m/hec/cm

I = maximum 30 minute intensity in cm/hr.

n = number of breaks having equal intensity within the duration of a

given storm

It was believed important to define a crop-stage for the

watershed on the basis of the available data; this was based upon the

general similarity of crop canopy cover and management during a

specified period of the year because of the difficulty in applying the

table of C-values developed by Wischmeier and Smith (1978). A difference

exists in cropping pattern, tillage equipment used, and management

exercised. In earlier work, Wischmeier (1960) defined a crop stage as, a

sequence of time intervals, where cover and residue effect are similar.

He later used percentage of canopy cover to define a crop stage instead
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of a definite interval of time (Wischmeier and Smith, 1978). For this

study, canopy cover data were not available for the test plots.

However, height of the crops was measured in the test plots every week

until harvest. The maximum height of the plant was used to identify the

crop stage. Six crop stages were used with the following definition

adopted.

1) Rough Fallow (F) = Fallow for about two months with no tillage

operation and ready to be plowed.

2) Seedbed (SB) = Plowing of the land until the crop attains 10 percent

of its final height.

3) Establishment (EST) = End of SB until a crop reaches 50 percent of

its final height.

4) Development (DVT) = End of EST until the crop attains 75 percent of

its final height.

5) Maturing (MAT) = End of DVT until the crop is harvested.

6) Residue or Stubble (RS) = Harvest to plowing, to a new seeding.

Based upon the above definitions, soil loss from test plot 1 and

4 were used to calculate the C—factors for crops grown. Since overland

flow from outside entered into test plot 3 for several rainstorm events,

it was not included in the analysis. Test plot 2, which is on a slope of

64 percent, was not included in the analysis because of the questional

applicability of USLE for steep slopes. There was no support practice

on the test plots, and therefore, a value of one was assigned for the

support practice parameter.
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The K -factor was difficult to evaluate accurately using the

nomograph developed by Wischmeier and Smith (1978) because of limited

data. However, an estimate was made with what was available.

The soil loss from a test plot was summed up for a given crop-

stage period. Also, the erosivity of rainstorms during these periods

were summed up. Lastly, a C-value was obtained by solving the USLE

equation for each crop-stage period. The equation is:

A C - R KL S P

where A,C,R,K,LS,P = are defined as above

The parameters of the USLE and the solved C-values, using test

plot 1 and 4 data, are given in Table 5 and 6.

Sediment Yield Model 

One of the main objectives of this study was to validate the

applicability of the MUSLE to the Korisheleko catchment. This model was

selected because of the following reasons:

1) Easy to use and needs almost the same parameters as USLE, and

also avoids using delivery ratio.

2) It can predict sediment yield from individual storms. For areas

where a few storms are responsible for major soil loss, it can be

used to give an estimate of annual soil loss.

3) It can be used to study the responses of suspended sediments from

individual runoff events.

USLE does not account for deposition of detached particles, and

hence, is incapable of predicting sediment yield (Wischmeier, 1976). USLE

requires a sediment delivery ratio because the rainfall factor
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represents only energy used for detachment (William and Berndt, 1977b).

USLE does not adequately express the hydrology, particularly, antecedent

soil moisture as they might affect peak rate and surface runoff when

used to predict soil loss for a short time (Onstad et al. 1985).

Williams (1975a) replaced the R factor with the product of runoff

volume, peak rate and a coefficient. The MUSLE is represented by:

A = 11.8 (Q qp )
0.56

KLSCP
	

(1)

where Q = volume of runoff, m3

qp = peak runoff, m3 /sec

KLSCP= As defined in the original USLE

MUSLE can predict sediment yield (Williams, 1975, 1982). For

this study, the total suspended sediment yield for each event was

considered to represent sediment yield from the watershed.	 By

definition, suspended load consists of those sizes of sediment found

abundant in the stream bed, and those fine sizes not found in appreciable

quantity in the bed (Grade and Raju, 1977). The sediment yield consists

of sediment from inter-rill, rill, and channel erosion (Foster, et al.

1981). However, MUSLE predicts only the inter-rill and rill components

(Williams, 1975b). For this study, the contribution of channel erosion

was assumed to be insignificant. For each event, measured surface

runoff and peak flow rate were used in equation 1. The measured runoff

volume and suspended sediment are given in Table 3.
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Evaluating MUSLE Parameters for the Study Area 

Length-Slope Factor

The slope factor for the watershed was obtained by using the

method developed by Williams and Berndt (1977a). Korisheleko is a steep

watershed. In evaluating the sensitivity of slope and slope length

factors using the length-slope equation, Williams and Berndt (1977a)

reported that slope is more sensitive than slope length for steep

slopes. Considering this, every contour was measured on the watershed

to determine the average. The contour-length method (Williams and

Berndt, 1977a) was used. The equation is:

S =	 Si x DAD/DA
	

(2)
i=1

where S = average watershed slope in percent

Si = average percent slope for area i

DA" = drainage area between contour i and i+1

DA = drainage area of the watershed

N = number of contours in the watershed

Using equation 2, the average slope was found to be 42.3 percent.

The average watershed slope length was computed using the

contour extreme point method (Berndt and Williams, 1977a). But, only

contours located at 25, 50, and 75 per cent of the total watershed

relief were used. The equation used was:
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L-
	(LC x LB)	

(3)
(2 E B /LC2 - LB2)

where L = average overland flow length

LC = the total length of the three contours

EP = the number of extreme points on the contours

LB = length around the base of the contour

The average overland flow length was 186.50 meters. Finally,

the L-S factor was computed using the equation developed by Berndt and

Williams (1977a). The equation is:

LS -22
1
13)
M (0.065 + 0.0454 s + 0.0065 s 2 )
	

(4)

where M = a watershed constant dependent upon slope gradient

M = 0.5 , if s > 3

M = 0.3 , if s < 3

The L-S factor was found to be 39.5. The length-slope factor

was computed using a contour map of 10,000 scale with a 10 meter

contour interval.

K - Factor

To evaluate the K-factor using Wischmeier and Smith (1978),

information including soil texture, organic matter, structure and

permeability of the soil are required. But due to the limited data, the

following generalizations were made:

1. Since the dominant soil unit is Halphic Phaeozem which consists of

mollic epipedon, organic matter was assumed to be greater than 1
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percent. On mountains where tree and grass dominate, 2 percent organic

matter was assumed.

2. To all Halphic Phaeozem, a medium textured soil with silt fraction

dominating the soil in the mollic epipedon was considered.

3. The degree of shallowness of the soil was used as an index to

evaluate the permeability of the soil. The available soil depth

information is shown in Figure 2.

4. For Eutric fluvisols, a sandy clay loam texture was assumed. By

definition it refers to fertile soil (FAO/UNESCO, 1975), and an organic

matter content of 1.5 percent was assumed.

5. For Eutric regosols, a silty clay loam texture was assumed. Organic

matter was assumed to be 1 percent, because of reduced plant growth due

to its hydrophobic properties.

Based upon the above assumption, the K value was evaluated for

each soil unit. Soil properties are given in Table 7.

The weighed K value for the watershed was obtained using the

Williams and Berndt (1972) technique. The equation employed was:

K —

DA

where K = soil erodibility factor for a watershed

Ki = soil erodibility factor for individual soil, I.

DAi = drainage area covered by an individual soil

DA = total drainage area of watershed

K value obtained was 0.54.

Ki x DAi
(5)
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C Factor

In 1983, about 40 percent of the watershed was cultivated with

cereals, legumes and field crops, and 37 percent woodland, mainly

Juniperus procera, and the rest (23 percent) with grass. The evaluation

of the C-factor for the cultivated portion of the watershed is complex

because of the variety of cropping practices used.

The C-values evaluated for the test plots were used to find the

average C-value for the watershed. Soil loss data were not available

for all cultivated crops on the watershed for given periods of time.

Therefore, a generalized broad division of the crops was necessary.

Based on similarity of botanical characteristics (height, tiller

development of a plant), and cultivation practice (number of plowings

before sowing, weeding after sowing and cultivation after sowing), the

following groupings were made:

1) Cereal crops: Consists of wheat, barley, emmerwheat and teff
(Erogrostis abysinicca). These crops generally develop tillers
with their average maximum height ranging between 80-100 cm..

2) Pulse crops: Includes peas, beans, and lentils. They show no
tiller development, and have different vegetative characteristics.

3) Field crops: Only maize is grown. It is a stemmy plant compared
to the other crops, requires a long time for maturity, and reaches
about 170 cm. in height.

An oil crop, linseed, is grown on a very small area during July

and November. For simplicity, it was combined with the pulse crops.

When soil loss data were available for either but not both of the cereal

or pulse crops for a given period, the information for one crop was used

for the other.
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The above assumption and groupings were made to evaluate the C-

factor for the entire watershed, based upon crop stage as determined for

test plot 4.

For permanent vegetation, which includes woodland and grasses,

the C-value table developed by Wischmeier and Smith (1978) was used.

For simplicity, the fallow grassland was lumped together with grassland.

To obtain a C-factor for vegetation cover in direct contact with the soil

surface, conopy cover, and residual and tillage effects, are required.

This information was not available. Therefore, 25 percent canopy cover,

with 10 percent ground cover, was assumed for woodland areas. For

grassland, a 10 percent ground factor was assumed.

The weighted C-value for the watershed was made to vary with

time, based upon crop stage period. Finally, calculations were made

using the technique developed by Williams and Berndt (1972). The

equation used was:

n
)P__ Ci x DAi
i=1

C -	
DM.

(6)

where C = weighted cropping management for the watershed

Ci = the cropping management factor for crop i

DAi = level drainage area growing crop i with a particular

management level
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DA = drainage area of the watershed

n = number of crops grown with a particular management

The average C-value for a given crop stage period are shown on Table 8.

P FACTOR

Example of supporting practices on cropland are contouring,

striperopping, and terraces. A table developed by Wischmeier and Smith

(1978) includes only these practices. The practice of contour bunding

does not match any of these practices. Contour bund structures were

constructed on the watershed on slopes up to 44 percent, providing soil

depth was sufficient (Hurni, 1981).	 The effectiveness of these

structures for severe storm events remains questionable. However, it

was intuitively judged that contour bunding reduces the rate and amount

of runoff available for detachment and transport as compared to up and

down slope plowing with the same culture. For this study, an

approximate value of 0.85 was assumed for the support practice factor.

The following equation was used to compute the P-value for the

watershed:

(1.00 x NS) + (0.85 x CB) P -
1.16 (7)

where P = average support practice value of the watershed

NS = portion of the watershed with no support practice

CB = portion of the watershed with contour bunding practice'

An average support practice value of 0.88 was computed using the

above equation.
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The predicted and measured sediment yields for 33 events are

presented on Table 9a.

The predictive capability of MUSLE was tested against the actual

data using a paired comparison test. The differences (di) between the

observed (X) and predicted (Y) sediment yield were assumed to be

independent and normally distributed. The test hypothesis has the

following null and alternative hypothesis: Ho and HA, respectively.

Ho = Mx - My = 0

HA = Mx - My = 0

where Mx and My are the population mean for the measured and predicted

sediment yield, respectively. The t statistics used was:

- 
di - Md

t   
sd/ n

(8)

where Md = population mean of the difference

di = the mean of the differences

Sd = standard deviation of the differences

n = number of samples

No significant differences were found between the observed and

the predicted means at 0.05 level of significance.

A regression analysis was made to test the validity of MUSLE.

It was logical to assume that there will not be any predicted sediment

yield as long as there is a no measured sediment yield. With this

assumption a regression line through the origin was drawn with predicted

sediment as independent (xi) and observed sediment as dependent variable

(yi). The coefficient of determination was computed with a formula given



Table 9a.- Results of the measured and predicted sediment
yield for 33 events

Date
:	 Predicted
:	 sediment	 yield

(m.ton)

:	 Measured
:	 sediment yield

(m.ton)

3.4.83 • 547.27 : 85.5
3.5.53 : 1714.66 4538.74
3.10.83 12442.79 : 38725.2
3.11.83 : 25972.75 82836 
3.15.83 • 245.48 : 58.72
3.17.83 : 14400.65 • 22038.24
3.21.83 : 1546.26 : 806.65
3.27.83 : 601.28 : 522.6
4.18.83 : 2865.43 : 2736.01
5.3.83 : 10909.41 •. 46617.06
5.15.83 : 2047.97 : 788.4
5.22.83 : 3540.01 • 1533.78
5.23.83 : 343359.58 : 834312.6
5.25.83 : 78841.68 235344
6.1.83 : 13977.94 13488

7.25.23 : 5366.22 17328
7.2 7 .83 : 2278.54 804
7.28.33 •. 13493.43 23682
7 .31.33 : 21754.12 24966
8.)1.33 . 63733.66 100044
8.8.83 : 977.24 408
8.8.83 . 15762.18 : 8382
8.10.83 : 35587.08 : 23604
8.16.83 : 44674.2 : 91956
8.18.83 : 9904.37 : 16290
8.19.83 : 5455.73 7146
8.20.83 : 4953.12 : 9480
8.23.83 : 2106.74 6738
8.23.83 : 3168.77 : 8634
8.24.83 : 7309.77 : 4164
8.24.83 : 14788.32 : 2544
8.30.83 : 3704.53 : 3768
8.30.83 : 8150.56 : 74213

36



by Myers (1986). The equation is:
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2
R( 0) = 1

(Yi AYi) 2
i=1

(9 ) 

where:

2
R(0) = Coefficient of determination for zero intercept case

Yi = Measured sediment yield

Yi = Sediment yield predicted with the regression equation.

Vi = Mean of the measured sediment yield.

Equation 9 gives a reasonable result when used to compare

different models. However, it sometimes results in negative R2 ( 0) value

when 5E (Yi - qi) 2is relatively large (Meyers, 1986). When R2 ( 0) was

i=1

computed, it resulted in a value of 0.98.

The measured values also were plotted against the predicted value

(Figure 3). The slope of the regression line has a value of 2.39. Also,

the mean and standard deviation values were compared to test the ability

of the model to simulate frequency distributions that are similar to

those of the measured year. The mean and standard deviation(s) of

events of one year data were used rather than longer year averages

which are normally used in simulation. The statistical values are shown

in Table 10.
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The slope of the regression line was tested using a

nonparametric test (Spearman's rho test statistics). The hypothesis

tested was:

Ho : 0 = 1

HA = 0 1

where

0 = slope of the regression line

Ho and HA = as defined above

The slope was found significantly different from 1, at the

significance level of 0.05. The dispersion of the predicted sediment

yield from the measured value was computed using a standard error of

estimate.

Another approach taken to improve the predictive capabilities of

MUSLE was to determine the C-value by solving MUSLE for the entire

watershed.	 Cooley and Williams (1985) determined C-values using

measured soil and sediment data by solving both USLE and MUSLE for five

small watersheds. The ratio of C-value obtained using MUSLE to the C-

value obtained by USLE, ranged from 1.14 to 3.83. They recommend using

a higher C-value for MUSLE for the area where their study was made.

The C-values were solved using MUSLE and measured suspended

sediment data for each event and averaged for a given crop stage period.

The average C-values obtained were used again in the MUSLE to predict

the sediment yield.
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The same statistical hypotheses were tested for newly predicted

sediment yield, using a new C-factor. No significant difference was

found between the observed and the predicted sediment population mean,

at the 0.05 level of significance.

The R
2
(0) was 0.98 with a regression slope of 1.67. Results are

shown in Table 9b. The slope of the regression line was not significant-

ly different from 1 at 0.05 level of significance. The regression line

with scattered points and the line of perfect fit are shown in Figure 4.

The descriptive statistical parameters are shown in Table 10.

SCS Runoff Model 

Runoff records in Ethiopia are scarce, and most watersheds have

no or relatively short records. For this study, a functional

relationship approach, developed by SCS, was used to predict runoff

from the Korisheleko watershed. This method was chosen for the

following reasons:

1) Soil and land use information was available and could be used to

determine the parameters required by the equation,

2) The SCS method of grouping soil of similar runoff potential,

satisfies the source-area concept applicable to dynamic watershed

behaviour. Hence, the equation can be used to reflect the effects of

land use changes on watershed output; and

3) The prediction of surface runoff includes the subsurface flow as a

component.

The U.S. Soil Convervation Service (1972) runoff prediction

equation was developed assuming the following relationship:
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Table 9b.- Results of the measured and predicted sediment
yield for 33 events

Date
:
:
:

Predicted

sediment yield	 :
(	 m.	 ton	 )	 :

Measured

sediment yield

(	 a.ton	 )

3.4.83 •. 1044.79 85.5
3.5.83 : 3273.45 4538.74
3.10.83 : 23754.42 38725.2
3.11.83 : 49584.35 82836
3.15.83 •. 468.65 58.72
3.17.83 •. 13746.08 22038.24
3.21.83 : 1475.48 806.65
3.27.83 : 573.95 522.6
4.18.83 : 7504.7 2736.01
5.3.83 •. 28572.27 46617.06
5.15.83 •. 2925.67 788.4
5.22.83 : 5057.16 1533.78
5.23.83 •. 490513.7 834312.6
5.25.83 •. 11260. 07 235344 
6.1.83 : 19468.5 13488

7.25.83 : 8632.64 17328
7.27.83 : 3665.48 804
7.28.83 : 21706.84 23682
7.31.83 : 34945.77 24966
8.01.83 : 102528.07 100044
8.8.83 : 1274.67 408
8.8.83 : 20559.37 8382
8.10.83 : 46417.94 23604
8.16.83 •. 58270.7 91956
8.18.83 : 12918.75 16290
8.19.83 •. 7116.18 7146
8.20.83 : 6460.6 9480 :
8.2333 : 2747.93 6738
8 .23.83 : 4133.18 8634
8.2433 •. 9534.44 4164
8.24.83 : 13525.77 2544
8.30.83 •. 4832.01 3768 :
8.30.83 : 10631.17 7428
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Table 10.— Statistical parameters for measured and predicted sediment
yields using two different C—values

Parameters	 : C-value	 : C-value
: solving USLE : solving MUSLE : Measured

mean	 :	 23520.65	 :	 34274.11	 :	 49751.44

Standard deviation :	 60213.1	 :	 86244.6	 : 148135.65

2Ro	 0.98	 :	 0.98

	

2.39	 1.67

SEE	 ;	 91286.91	 :	 64481.48

Proportion of mean :	 183	 :	 129

Total sedimnt/year : 	 771762.57	 :	 1130773	 :	 1641797

2
Ito = Coefficient of determination for zero intercept case

b = Slope of the regression line

SEE = Standard error of estimatqtpredicted - measured )1
-n

Proportion of mean = l SEE / measured mean) * 100



Q	 p+0.8 S (p > 0.2S)	 (4)
(p-0.2 S)

2
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P	 S
	 (1)

where S = index of potential site retention

Q = actual runoff

P = potential maximum runoff

The above equation solves for Q to

p2
Q = P+s

(2)

When initial abstraction Ia, which consists of interception,

infiltration, and surface storage, is introduced into equation 2, the

relation reduces to

(3)

A relationship between Ia and S was found to be Ia = 0.25, and

the SCS equation is written as the following:

S is further related with a new parameter defined as Curve Number.

The relationship is:

1 000
CN -

10 + S ( 5 )

The Curve Number approaches 0 at S - co and 100 at S = 0. From

equation 5, it is clear that any value of S can be described by GN, and
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vice versa. The units for equation 4 and 5 are in english units. Q, P

and S can be changed to mm by multiplying the constants in equation 5

by 25.4.

The Curve Number is a function of soil type, hydrologic

condition of the watershed, land use and treatment practice, and the

antecedent moisture condition (AMC). This variable is the most

susceptable factor when predicting range of volume, than is the

precipitation factor. Hawkins (1975) reported that runoff volume is

more sensitive to Curve Number than to rainfall up to a range of 22.9

cm. of rainfall events.

Generally, two approaches exist for evaluating a Curve Number

for a watershed:

1) SCS approach = Antecedent soil moisture of the watershed is divided

into three conditions (I=dry, II=average and III=wet). The relation

between rainfall and runoff for those three conditions is expressed as

a Curve Number. Initially, the II-condition Curve Number is determined

by considering soil types and agricultural practices. The I and III

condition Curve Numbers are then expressed as function of antecedent

rainfall and the II-condition Curve Number.

2) Other approaches = The Curve Number varies continuously with soil

moisture, and thus, has many values instead of three. One of the

approaches include the method developed by Williams and LaSeur (1976),

where S was varied with soil moisture determined by accounting

procedures. Another, developed by Hawkins (1973, 1978) attempts to
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define a Curve Number for each storm event by an empirical equation

using actual runoff and rainfall data.

Selection of a Curve Number using the first approach has an

advantage in reflecting the change in land use at present, and the

future expected soil and vegetation condition in a hydrologic context,

while the second method reflects the current condition of the

watershed during a storm event. Both methods were used for the

Korisheleko catchment.

A weighted Curve Number was estimated using available land use,

treatment and soil data. Two weighted Curve Numbers were estimated

for two distinct crop seasons. The watershed parameters are given in

table 11 and 12 for the first and second crop season, respectively.

The weighted Curve Numbers for both seasons were not greatly

different (81.3 vs 82.1). For computation, an average value of 82 was

used for both seasons. Antecedent soil moisture was estimated, using

the procedure of S.C.S. (1972). Using equation 4, runoff was computed

for 21 events. The computed and the measured runoff volume are

presented on Table 13.

A t—test was made to test differences between the means of the

measured and predicted runoff volumes. No significant difference was

found between the observed and the predicted population means at the

.05 level. Further, when the actual value was regressed on the

predicted, an R2 ( 0) value of —0.12 was found with a regression slope of

0.40. Refer to Myers (1986) for possible negative values of R2 ( 0). The

standard error, as expressed on the basis of measured mean, was 221.2
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Table 11.— Evaluation of a weighted Curve Number for the first
crop season

Area in :	 Land :	 Hydrologic	 :	 Hydrologic	 soil

fraction Land use :	 treatment :	 condition	 :	 group Curve Nusoer

0.106 Row crop Contoured Poor 79

0.246 Gall grain Contoured Poor 74

0.002 Small	 grain Contoured Poor 85

0.27 Wood	 land Contoured Poor	 D 83
0.103 Wood	 land Contoured Poor 77

0.028 • Fallow Contoured Poor 94

0.222 • Grass	 land Contoured Poor	 D 88
0.032 Grass land Contoured Poor 67

Weighted Curve Numoer
	

81.66

Table 12.— Evaluation of a weighted Curve Number for a second
crop season

Area	 in :	 Land :	 Hydrologic	 :	 Hydrologic	 soil

fraction Land use :	 treatsent :	 condition	 :	 group Curve Number

0.216 Row crop : Contoured Poor 79

0.068 Stall	 grain : Contoured Poor 74

0.27 Wood land : Contoured Poor	 D 83

0.103 • Wood land : Contoured Poor 77

0.072 Fallow : Contoured Poor	 D 94

0.016 • Fallow : Contoured Poor 86

0.22 • Grass land : Contoured Poor 88

0.032 0 Grass land : Contoured Poor 67

Weighted Curve Nusber
	

82.34
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percent, which indicates the extreme variability of the data. Result of

the statistical analysis are given in Table 14.

The regression slope was significantly different from 1 at the

0.05 level of significance. This regression line for validation data is

shown on figure 5.

It was anticipated that runoff predictions could be improved,

and the model could be calibrated for the watershed if the procedure

developed by Hawkins (1975, 1977) were used. The idea of this method

is to modify the Curve Number with storm size. In other words, the

Curve Number is a function soil moisture cover condition, storm

intensity, duration and other physical parameters.

Equation 4 was solved for 5 by the quadratic formula

S = 5 (P + 2Q - I4Q 2 + SPQ)

If equation 6 is substituted into equation 5, yields:

1CN -	 00 

1 + 1/2 (p + 2Q - /4Q 2 + 5PQ)

To develop the equation of CN as a function of rainfall amount

for the Korisheleko watershed, data for runoff and runoff producing

rainfall for 1983 were used. A total of 42 rainfall-runoff events were

used. Regression analysis were performed on the 42 events to describe

the Curve Number as a function of rainfall event. The non-linear

regression fitted the data closer than did the linear regression model

(6)

(7)
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Table 13.- Comparison of the predicted and measured runoff volume for
21 events

: Runoff volume
(mm):

Date
Measured :	 Predicted

 	 :
3.15.83 : 0.051 : 0.008
5.3.83
5.15.93

1.92
0.538

:
:

2.07	 •

0.094
5.23.83 29.58 : 3.756
5.25.93 7.002 : 13.38
7.25.93 0.605 : 13.38	 .
7.27.83 0.414 : 5.68	 •

7.29.83 2.985 : 21.4 6
7.31.33 3.183 : 4.61
8.1.83 7.178 : 12.951
8.10.93 6.675 : 3.167	 :

8.12.83 0.33 0.982
8.13.83 0.165 : 0.879
8.16.83 4.6 1.346

8.1E83 1.806 : 2.019
8.19.83 0.696 1.953
8.20.83 0.96e
8.23.33 0.64 °2:82726
8.24.37 1.963 : 1.204

9.2.83 0.307 : 0.084

9.11.83 2.134 : 1.166

Table 14.- Statistics of the actual and predicted runoff volume for
21 events

: Runoff volume
(ma)

Parameters	 : Predicted : Measured

Mean 4.252 : 3.507

Standard deviation :
2Ro

5.557

-0.12

: 6.4	 :

b	 : 0.4 .
SEE	 : 7.776

Proportion of mean : 222
--------
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(Figure 6). The equation is:

CN = 102.01-34.77P+ 11.64 P 2	(8)

Curve Numbers were computed using equation 8 and then used

with equation 4 to estimate runoff volume. Results are tabulated in

Table 15. The predicted runoff was compared with the actual data. No

significant difference was found between the actual and the predicted

runoff volume means at a significant level of 0.05 percent. Regression

slope was 1.52, with R2 ( 0) value of 0.61 (Figure 7). A summary of the

statistics is given in Table 16. The regression slope was not

significantly different from at the 0.05 level of significance. The

plot is shown in Figure 7.

Peak Flow Equation

A unit-hydrograph procedure was employed to develop a peak

flow equation for the Korisheleko watershed. The unit hydrograph

enables prediction of a hydrograph for a given storm event, with its

peak value.

The rainfall excess (effective rainfall) was obtained from the

total rainfall hytergraph by simple S-index procedure. The 4) index is

used to define the time pattern of rainfall excess. The value of

4y-index required to satisfy the equality of volumes of input and output

are listed in Table 17. Also listed are the duration of effective

rainfall for each event.

From the duration of storms, it was evident that a duration

between 25 and 40 minutes was common. A variety of explanations exist
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Table 15.- Measured and predicted runoff volume using a

Curve Number equation

: Runoff volume

:	 (si)

Date	 : Measured : Predicted

0.14 1.811
3.5.93 : 0.325 : 0.683

3.10.93 : 1.532 : 1.496
3.11.93 : 2.522 : 1.468
3.15.83 : 0.051 0.564
3.17.83 1.438 : 0.498
3.21.83 : 0.246 : 0.653
3.27.83 : 0.124 : 0.523
4.16.83 : 0.058 : 0.6 93
4.18.83 : 0.551 : 0.07 9

5.3.93 : 1.92 7.531
5.15.83 : 0.538 : 2.436
5.22.93 : 0.678 : 0.505
5.23.83 : 29.583 : 12.78
5.25.83 : 7.003 : 1.135
6.1.83 : 2.136 0.587

7.25.83 : 0.605 : 1.615
7.27.83 : 0.414 0.815
7.:9.23 : 2. 9 35 3.2"
7.31.33 : .3.:83 0.739
8.1.83 : 7.178 1.5E4
8 .9.93 : 0.218 0.53o
8.8.93 : 2.316 0.986

8.10.83 : 6.675 1.934
8 .12.83 ; 0.33 0.518
8.13.83 : 0.165 0.513 :

8.16.83 4.6 5.641
8.1833 : 1.806 1.44
8.19.83 : 0.696 0.571
8.20.83 : 0.866 0.513
8.23.93 : 0.394 0.505
8.23.83 : 0.64 0.587
9.24.83 : 1.737 0.597

8.24.83 : 1.963 0.531
8.30.83 : 0.292 0.673

8.30.83 : 0.475 0.556
8 .30.83 : 1.156 0.523

8.31.83 : 0.173 0.518

9.2.83 : 0.307 0.516
9.11.83 : 2.134 5.194

9.18.83 : 0.079 0.622
9.18.83 : 0.I 98 0.508

53
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Table 16.- Statistics of the measured and predicted runoff volume for
42 events

Runoff volume
(es)

Parameters	 : Predicted 	 Measured

Mean : 1.556 2.153
Standard deviation : 2.335 4.712

n2 0.61
b : 1.52

SEE : 3.236
Proportion of mean : 150
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Table 17.- Phi-index and duration of effective rainfall

for 42 events

: Rainfall excess

Date
:
:

Phi- index	 :
(	 csihr1	 :

Duration
(	 sin.	 1	 :

3.4.83 : 2.87 40
3.5.83 : 2.19 30

3.10.33 : 1.59 65
3.11.93 3.07 40
3.15.83 : 0.47 25
3.17.93 : 0.91 • 25
3.21.83 : 2.65 25
3.27.83 : 2.18 18
4.16.83 : 0.81 30
4.18.33 : 2.5 15
5.3.83 : 2.97 73

5.15.83 : 1.55 • 55
5.22.83 : 0.73 10
5.23.83 : 1.9 62
5.25.83 : 2.48 30
6.1.83 : 2.02 20

7.25.83 : 6.11 5
7.27.33 : 1.:9 27
7.2E33 : 1.4 41
7.31.23 : 1.07 25
8.1.83 : 2.04 16
8.8.83 : 0.37 5
11.8.83 : 13.76 3

8.10.83 1.22 67
8.12.83 : 0.4 41
8.13.83 : 0.21 136
8.16.83 : 6.21 17
8.18.83 : 1.54 : 5
8.19.83 : 4.86 : 10
8.20.83 : 1.13 30
8.23.83 : 1.81 5
8.23.83 : 1.25 : 32
8.24.83 : 0.42 57
8.24.83 : 0.8 19
8.30.83 : 2.02 17
8.3033 : 3.74 10
8.3033 : 1.65 22
8.31.83 : 0.87 : 30
9.2.83 : 1.5 10

9.11.83 : 1.83 : 32
9.18.83 : 1.36 12
9.18.83 : 1.21 : 5

56
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about the duration of the unit hydrographs. The idea explained by

Wisler and Brater (1959) based on a study of small watersheds, suggests

the duration to be less than, or equal to, the period of rise of the

hydrograph, but, it can still vary with characteristics of the basin.

For this study, an average of 30 minutes was chosen to be a duration of

the unit-graphs. This method of generating a unit hydrograph assumes a

uniform intensity during the duration of the effective rainfall; it

generally developes a relationship between the effective rain and the

surface runoff.

Four events were selected out ot the 42 events. The following

criteria was used for the selection:

1) Storms, if possible, should occur individually,

2) Storms with uniform distribution of rainfall throughout the period

of rainfall excess; and

3) Effective duration of storm should be within a range of 25 to 45

minutes and be less than, or equal to, the time of rise of the

hydrograph.

Based upon the above criteria, four storms were selected and

were converted to one inch of excess runoff, applying the basic

principle of unit hydrographs. The time to peak and peak discharge,

was averaged as shown in Table 18.

The four hydrographs were superimposed. The average values of

peak flow and time to peak were used as a fixed point. The rising and

falling limbs were drawn to conform the average shape of the four
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Table 18.- Selected unit hydrographs used to develop a 30-minute
unit graph

Peak	 : Effective
Storm	 Date	 :	 flow	 :	 Duration

No.	 :	 (Olsec)	 ( min. )

1	 :	 3.5.83 :	 5.771	 30
2	 : 3.11.83 :	 16.47940:

3	 : 5.25.63 :	 16.295	 ..	 30
4	 : 7.31.83 :	 6.238:	 25
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hydrographs until it encompassed a volume of 1 inch. Finally, an

average unit graph was drawn representing the four hydrographs.

The triangular and the dimensionless unit hydrographs developed

by SCS (1972) should also be explained. A dimensionless unit hydrograph

was developed by SCS, after several years of natural unit hydrograph

analysis from watersheds which varied widely in size and geographical

location.

The dimensionless unit hydrograph has a peculiar characteristic

and is approximated by a triangular unit hydrograph. About 37.5% of

the total volume is in the rising limb, which is represented by one unit

of time and discharge. The triangular unit hydrograph approximates

this relationship, and is used to estimate peak flow using the geometry

of a triangle. The basic component of the triangular unit hydrograph

includes (1) lag time, T1, (2) basetime, Tb and (3) peak flow rate, qp .

Duration of rainfall excess (D), time to peak (Tp), and the recession

time (Tr) are also important parameters of the triangular unit

hydrograph. The definition for these terms can be identified from

Figure 8.

The unit hydrograph developed for Korisheleko catchment was

made dimensionless by dividing, by peak flow rate (qp) and time to peak

(Tp), the ordinate and the abscissa value of the unit graph,

respectively. The volume under the rising line of the dimensionless

unit graph was found to be 61.4%; this was found using a mass curve

analysis. This portion of the hydrograph was approximated by a

triangular shape. The volume was quantified, using the formula:

v = 1/2 qp Tp
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Figure 8.- Elements of the SCS Triangular unit hydrograph
(U.S. Soil Conservation Service, 1972)
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where:

qp = peak flow rate of the curvilinear unit hydrograph

Tp = time to peak of the curvilinear unit hydrograph

The volume was found to be 71.4%. Both the dimensionless and

the triangular unit hydrograph, shown in Figure 9, indicated a

discrepancy in volume under the rising limbs of the two unit

hydrographs. However, approximation of the dimensionless unit

hydrograph was made using the triangular unit hydrograph.

Using a unit triangle, if one unit of time T equals 0.714 of

volume, then the time base will be:

1.00 T1, - 0.714 - 1.41 units of time- 

and

Tr = 1.41 - 1.00 = 0.41 units of time

or

Tr = 0.41 T	 (9)

From the geometry of the triangle, the volume under the triangular unit

hydrograph is:

"	 +
	gpT	 cipTr - 22

erP + Tr)

	

2	 2	 2 '
(10)

where:

Q = total volume under the triangle

qp , Tp and Tr = as defined above.

If equation 10 is solved for qp:

_ 	2Q 
(113 	Tp + Tr
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or

- E2
cI P	 TP

where

k=
	2 

[ 1	(Tr/T )J

If the units of qp are m3/ sec , -q in mm, and time is in hours, equation

11 becomes:

qp = (0.278xkxAxQ)/Tp 	(12)

where:

A = area of watershed in km2 .

If equation 9 is substituted, equation 12 will reduce to:

qp = (0.394 * A * Q)/Tp 	(13)

The ratio of the volume of the dimensionless unit hydrograph to

the triangular unit hydrograph is 86%. Equation 13 approximates peak

flow for conditions where the rising limb constitutes 71.4% of the

volume. To make the equation valid for approximation of the

dimensionless unit flow hydrograph, the peak flow rate factor, 0.394,

was multiplied by 0.86. As the result, the equation was reduced to:

qp = (0.339 * A * Q)/Tp 	(14)

Further, U.S. Soil Conservation Services (1972) assumes the

following relationship

D
TP = —2 + TL (15)

and uses the average relationship for T1 given by

TL = 0.6 Tc 	(16)
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where

Tc = time of concentration for the watershed.

For the Korisheleko catchment, when Tc was calculated using an

empirical formula developed by Kiprich (1940), a value of 10 to 12

minutes was obtained. This value is unrealistic when checked against

the duration of the hydrographs of all events. Hence, the relationship

developed by equation 15 was used.	 From observation of all

hydrographs, an average of 50 minutes was found to be reasonable for

all events for lag to peak. Finally, equation 14 was written as:

(0.339 * A * Q)qp _
0.5 D + TL

(17)

Peak flow was computed using equation 17 and compared with the

actual peaks. Results are presented in Table 19.

A test was made to compare the measured and the predicted peak

flows. No significant difference was observed between the observed and

the predicted means, at the 0.05 percent significant level. An R2 (0 )

value of 0.92, with regression line slope of 1.57 was obtained. The

regression line to validate the data is shown in Figure 10, the

statistical parameters are listed on Table 20.

The slope of the regression line was not significantly

different from 1 at the 0.05 level of significance. A standard error

of estimate is 1.13 m3/sec, which is 129 percent of the means,

measured, peak flow.
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Table 19.- Comparison of the actual and predicted peak flow rate
for 42 events

: Peak flow rate

a3 /sec)

Date	 : Predicted : Measured

3.4.83 : 0.047 : 0.026
3.5.33 : 0.118 : 0.095

3.10.83 : 0.438 : 0.726
3.11.83 : 0.85 . 1.652 •

3.15.33 : 0.019 : 0. 0 17
3.17.83 : 0.542 . 1.007
3.21.83 : 0.093 : 0.109
3.27.83 : 0.049 : 0.042
4.16.83 •. 0.021 : 0.01
4.18.83 •. 0.226 : 0.156
5.3.83 •. 0.523 : 0.496

5.15.83 •. 0.163 : 0. 0 86
5.22.83 : 0.291 : 0.192
5.23.83 : 8.619 . 15.36
5.25.83 : 2.542 : 4.689
6.1.83 : 0.84 . 0.7

7.25.83 •. 0.271 : 0.379
7.27.23 : 0.153 : 0.119
7.28.33 •. O. "Q . 6.3 98

1.1 01 : 0 .284
8.1.23 •. 2.921 : 2.664
8.3.33 : 0.098 : 0.048
8.3.83 •. 1.061 : 0.676 .

8.10.83 : 1.386 . 1.007
8.12.83 •. 0.11 : 0.062
8.13.83 •. 0.033 : 0.048 .

8.16.83 : 1.855 : 2.204
8.18.33 : 0.811 : 0.379
8.19.83 . 0.298 : 0.344
8.20.83 : 0.314 : 0.23
8.23.83 . 0.177 : 0.114 .

8.23.83 : 0.228 : 0.14
8.24.83 : 0.522 : 0.234
8.24.83 : 0.778 : 0.379
8.30.83 : :0.117 0.119
8.30.83 : 0.203 : 0.248
8.30.83 : 0.447 : 0.417
8 .31.83 : 0.062 : 0.059
9.2.83 : 0.131 : 0.074

9.11.83 : 0.762 : 0.119
4.18.83 : 0.033 : 0.014
9.18.83 : 0.084 : 0.009



P age Missing
in Original

Volume
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Table 20.- Statistics of the measured and predicted peak flow rate
for 42 events

Parameters

: Peak flow rate

:	 Predicted	 : Measured

Mean
Standard deviation •

0.736
1.416

•0.875
•2.451	 •

2Ro •
• 0.92
•• 1.57

SEE 1.13
Proportion of mean 129.0



CHAPTER VI

RESULTS AND DISCUSSION

This section analyzes the accuracy of each method, based upon

statistical results obtained.	 Each of the models are discussed

separately.

The Sediment Yield Model 

Sediment yield, computed using a C-value obtained by solving

USLE, showed satisfactory result with R2 ( 0) value of 0.98. Population

means of the predicted and the measured sediment yield were not

signifcantly different at 0.05 level of significance. This indicates that

the data points are almost evenly distributed around the 1:1 slope line.

However, the regression line for validation of the data is far from the

line of perfect fit, as shown in figure 3. This is shown by a slope of

the regression line, which has a vlaue of 2.39. It indicates that,

generally, MUSLE underpredicted sediment yield for large storm events.

Statistically, the slope of the regression line was significantly

different from 1 at the 0.05 level of significance. MUSLE overpredicted

for storm events which produced less than 1,000 metric tons of sediment,

and with the exception of one event, underpredicted sediment yields of

storms which produced more than 20,000 metric tons. No distinct trend

was observed in the intermediate range of sediment production events.

The data points are dispersed, as reflected by a high value for the

standard error of estimate expressed on the bases of the measured mean.
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The results indicate that MUSLE should be used with caution for

predicting sediment yield for complex conditions. Similar results were

reported from the research of Khanbivardi and Rogowski (1984). Also,

Foster et al. (1980) have raised questions about the predictive

capability of the model for complex conditions.

When the C-value obtained by solving MUSLE was used, prediction

was improved; this is shown by a lower value of regression slope, 1.67,

and lower standard error of estimate, expressed on the basis of the

measured mean. The slope was not significantly different from 1 at the

0.05 level of significance. This is an improvement over the previous

approach. The means of predicted and measured sediment yield were not

significantly different at the 0.05 level of significance. The high

variability of both actual and predicted data around the line of perfect

fit could account for this.

Although the MUSLE in the above two cases performed well within

an order of magnitude, the data showed much dispersion. Underprediction

and overprediction were common. The lack of measurements for some of

the parameters could account for the differences between predicted and

observed sediment yields. The C-factor is one such parameter.

Most commonly, the C and K factors are the most difficult to

evaluate when applying USLE and MUSLE. Other factors can readily be

determined from topographic maps, and climatological data. These

suggestions were outlined in a study made by Cooley and Williams (1985).

When the C value was solved using USLE with a test plots data, the R-

factor was calculated for a given crop stage, using only one year of
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data. Basically, the results show the average soil loss over several

years of period. Hence, either overprediction or underprediction of soil

loss is likely to occur for most years. The need for longer periods to

obtain an average R-factor has been cited by many researchers

(Wischmeier, 1978, 1976). A data analysis by Dissmeyer and Foster (1984)

suggests a minimum of 10 years of data for determining a satisfactory R-

value. In this study, lower C-values generally were obtained for all

crop stages. This might be suspected because of the overestimation of

soil loss by USLE, which results in a lower C-value. This condition was

also observed from the test plot data available. During some storm

events, no soil loss was recorded from the test plots, even though

runoff occurred and the equation predicted some soil loss. This

suggests how overestimates may have been made with the USLE, where only

limited data available was used. Foster and Wischmeier (1974) described

USLE as detachment limiting equation when reflecting the erosion

process. However, a sensible interpretation can be made from C-value

obtained using a test plot data.

The C-values obtained for the plots for a given crop stage

period showed consistency which indicate a physical meaning. For maize

and wheat, higher C-values were coincident with seedbed preparation and

the onset of the rainy season. C-values for both crops tend to

decrease with maturity. But, for the wheat test plot, a higher C-value

was observed during the seedbed preparation time, due to the resowing of

the plot with beans.
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When the C-factor was evaluated by solving MUSLE, prediction was

improved. However, the improvement was not as great as expected. The

deviation of the predicted from the measured values was still high as

indicated from the data. This leads to suspicion of the runoff and the

support practice factors which change from storm to storm. Contour

bunds on the Korisheleko watershed might reduce runoff up to some

limiting storm size. However, storms larger than this limit might

overtop the bund and eliminate the effectiveness completely. The

results indicate the possible need to vary the support practice factor

with storm size. But, since no data were available, a constant P-value

was used for this study.

The exponent of the runoff factor in MUSLE was obtained by an

optimization procedure. Optimization was made so that the equations

predicted large-storm, sediment yields closer than yields from smaller

events A study made by Williams (1975a) showed the overprediction of

the MUSLE for smaller events and underpredicted larger storm sediment

yield. In another study by Williams (1982), MUSLE produced no consistent

trends in predictions. In this study, it overpredicted events which

produced less than 1,000 metric tons of sediment, and underpredicted

events which produced more than 20,000 metric tons of sediment, with the

exception of one case. This happened when using C-values obtained by

using both USLE and MUSLE. Williams (1982) suspected the runoff and the

support practice factor in the equation, and suggested further

refinement. The result obtained in this study also suggests that

improvement is needed.



72

The K-factor was intuitively suspected. There was a potential

of making mistake when the K-value was evaluated because of the steep

physiographic nature of the Korisheleko watershed and the limited data.

The L-S factor in the USLE was developed from data derived from

plot with slopes ranging from 3 to 18 percent and a slope length of 30

to 800 feet length. The details of the development are reported by

Wischmeier and Smith (1978), and Smith and Wischmeier (1957). The

application of this equation to areas with slopes above these ranges is

questionable. This doubt also is presented by Foster (1982), and

Wischmeier and Smith (1978). In the Pacific Northwest of the United

States, where cultivated land is commonly steeper than in the rest of

the Nation, McCool, et al. (1977) and McCool, et al. (1982) recommended

equations developed by Zing (1940), and Musgrave (1947), for slopes

greater than 9 percent. If the present form of the slope-length

equation is used, the overprediction of soil loss is more likely (Foster,

1982). A separate study by Meyer, et al. (1975) suggested no appreciable

increase of inter-rill erosion for the range of slopes between 15-30

percent studied. The limitations of this factor on the Korisheleko

watershed might be considerable; this might result in overprediction of

soil loss data from test plots, which consequently reduce the C-values

obtained.
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SCS Runoff Model

Runoff Computed With a Weighted Curve Number:

No difference was found between the means of the observed and

predicted sediment yield at 0.05 level of significance. The dispersion

of the data around the 1:1 line may attribute to this result. However,

unsatisfactory results were obtained between predicted and observed

sediment values, as reflected in a low R2 ( 0) value of -0.12. It is,

therefore, not surprising for the regression slope to be significantly

different from 1 at the 0.05 level of significance. From the results, as

shown in Table 13 and Figure 5, it was evident that the runoff Model

overpredicted extremely, the larger storm events in particular.

Commonly, predicted value significantly deviated from measured values;

this is indicated by the value of the standard error of estimate.

Several factors can be ascribed for the poor prediction. The

soil moisture parameter, which defines the Curve Number for given

storms, was suspected to inadequately represent the dynamic changes in

soil moisture on the watershed. When runoff was computed, the soil

moisture change was dramatic. The other reason is the assumption in the

equation that defines runoff to be as a non-linear function of

precipitation amount and retention potential of the watershed. It does

not take into account the characteristics of the rain, which include

intensity and duration. On May 23, 1985, a rainstorm with maximum 30

minute intensity of 7.54 cm/hr and effective duration of 62 minutes,

produced a runoff volume of 29.58 mm, as compared to 3.76 mm predicted

value. The reason for this discrepancy might be the exclusion of



74

duration and intensity parameters in the equation. Several other

researchers had similar criticisms.

A report by U.S. Soil Conservation Service (1972) suggested the

empirical nature of the Curve Number as related to its descriptors and

components of the equation, should produce a wide variation from

measured values. Hawkins (1978, 1979), critically commented on the

inadequate nature of the Curve Number, and defined the Curve Number to

vary with storm size. In his study, Curve Number was considered a

function of watershed wetness, cover condition, storm intensity and

storm duration. An earlier study by Hawkins (1975) also suggested the

runoff prediction was mre sensitive to the Curve Number than to the

precipitation factor.

Runoff Computed With Curve Number Varied With Storm Size:

The results obtained with this approach were encouraging. No

difference was observed between the means of predicted and observed

runoff at 0.05 level of significance. A higher R2 ( 0) value of 0.61 with

a regression slope of 1.52 was obtained. The slope of the regression

indicated the underprediction of runoff from large storms by this

method. When tests were made, the slope was not significantly different

from 1 at the 0.05 level of significance. Standard error of estimate, as

expressed on the basis of the mean, was 123 percent. Less dispersion of

data was obtained with this technique, as compared to the preceeding

which resulted in a value of 222 percent.

With this method, the Curve Number was evaluated for each storm

size and was made to reflect watershed cover, wetness, storm intensity



75

and duration. In turn, the Curve Number was regressed on precipitation,

and finally a non-linear regression model was developed; this improved

the predictive capability of the runoff equation, as indicated by the

value of R2 ( 0) its closeness to the line of perfect fit between predicted

and observed. The slope, however, was greater than 1. This may be due

to the low number of larger storm events. Only one event which

resulted in 30mm of runoff was observed. The majority of the events

ranged between 0.1 to 10.00 mm. An additional length of record that

includes larger events could result in improved prediction.

Peak Flow Equation

The peak flow equation developed by the Unit-hydrograph approach

showed satisfactory results. There were no sugnificant differences

between measured and predicted peak flow Means at the 0.05 level of

significance. An R2 ( 0) value of 0.92 indicated a close fit between

predicted actual one. A regression slope of 1.57 suggests that the

equation underpredicts larger storm events. However, the slope was not

significantly different from 1 at the 0.05 level of significance.

Statistically, the result suggests the adequacy of the equation in

predicting peak flow.

The equation developed was based on rainstorms which were

common on the watershed during the year 1983. These storm events

produced average peak flows ranging from 5 to 17 m3/sec during the rainy

season. The average unit hydrograph developed generally reflected

average storm events, rainstorm duration, and the basic physiographic

characteristics. There is a danger that the equation might tend to
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overpredict smaller storms and underpredict larger storm events (Table

19 and Figure 10).



CHAPTER VII

CONCLUSION

This study presents methods used to evaluate parameters

applicable to the Korisheleko catchment for use in sediment, runoff

volume, and peak flow Models. The results obtained with the sediment

and runoff Models were compared with the measured data. Statistical

analysis, including a paired comparison test and regression analysis,

were made. The results obtained were based upon the limited information

available. Further tests, as additional data becomes available, are

necessary for a complete evaluation.

From this study, the following interim conclusions were drawn:

1) MUSLE predicted sediment yield satisfactorily for Korisheleko

watershed. However, results should be analyzed carefully with the

limitation mentioned.

2) Additional data for the estimation of the USLE and MUSLE parameters

should improve the predictions. Direct research on the effectiveness of

the support practice factor is of paramount importance.

3) The S—L factor in the MUSLE or USLE needs to be adjusted for steep

areas, such as the Korisheleko catchment.

4) Runoff predictions made using the method of adjusting Curve Numbers

suggested by Hawkins (1975) were satisfactory for the study area. The

equation developed may be suitable for use for 'watersheds having similar
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physiographic conditions. However, in using the equation to predict

large storm events, readjustment may be necessary.

5) Peak flow prediction equations worked satifactorily which was

encouraging for future work on the Korisheleko watershed. Generally,

they worked best in predicting peak flows of common storm events with

effective storm durations of 25-30 minutes.

6) Important unit hydrograph parameters such as time of concentration,

lag time, and time to peak, should be further developed for the

Korisheleko watershed. This would help in the development of a

synthetic unit hydrograph for similar watersheds where no records of

river flow and sediment yield are available.
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