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Vil
ABSTRACT

The possibility of establishing an equation for estimating soil loss in Samaru
- Zaria environment was investigated using measured values and two erosion
computer models.

Three experimental plots were established namely: bare soil, vegetated soll
and cultivated soil to measure soil detachment, soil loss and runoff on a storm by
storm basis at Ahmadu Bello University farm, Shika - Samaru during the 3 years
of study.

Soil detachment losses were measured by collecting all splash losses in a
25mm x 31mm hollow rectangular plastic container buried in the soil in a grid
pattern to catch soil splash at a maximum of one meter radius. Similarly, both
runoff and soil loss were also collected inside a drum buried at the end of each
plot.

The results indicate high erosion rate of 2.62 kg/m?/yr was measured for
bare soil on 5.8% slope while 1.15 kg/m%yr was recorded as mean erosion rate for
vegetated plot on 6.6% slope. Slight over prediction of tested model was
experienced. However, the European Soil Erosion Model (EUROSEM) is
recommended for erosion prediction for bare and vegetated soil in Samaru - Zaria
environment, while the Water Erosion Prediction Project Model (WEPP) is
recommended for further experimentation in the southern part of Nigeria where a
substantial amount of rainfall per single storm normally occurs.

The study concludes with emphasis on using a soil conservation planning
guide of 2.7 kg/m2/yr erosion rate in Samaru - Zaria, Northern Guinea Savanna

zone of Nigeria.



Chapter

1.0
1.1
1.2

1.3

2.0
2.1

2.2

viii

Table of Contents |

Title
Tilepage ...................
Declaration .................
Certiﬁcatién .................
Dedication ..................
Acknowledgement .. ...........
Abstract ............. ... ...
Tableof Contents . ............
Listof Tables ................
Listof Figures ................
listof Plates .. ...............
ListofPlates . ................
CHAPTERONE . ..............
INTRODUCTION ..............
Statement of Problem ...... .
Justification of Study .. ........
Objectivesof Study . . ..........
CHAPTERTWO ..............
LITERATURE REVIEW .........
introduction .. .......... ... ...

Soil Detachment and Transportation



2.2.1
222
2.3
24
2.5

2.5.1
2.5.2
253
254
2.5.5
2.5.6
26

2.6.1
26.2
264
2.6.5
2.6.6
26.7

2.6.8

ix

Sail Detachment . .. .. .. ... . e 10
Soil Transportation . ... ........ ... . .. . . . .. 10
Physical Empirical Erosion Equations .. ... .............. 11
Erosion Studies in .. ....... .. ... ... . .. i . 19

European Soil Erosion Mode! (EUROSEM):

Model 1 ... e 22
Rainfall interception . . . .. ... .. .. . ... . 22
Infilfration ... ... e 25
Soil Surface Condition . ... .. ... ... ... i e 26
Surface Runoff .. ... .. ... . 27
Soil Detachment by Raindrop Impact . ......... ... .. ... ... ... 28
Soil Detachmentby Runoff . . . ... ... . .. .. .. .. 29

Water Erosion Prediction Project (WEPP):

Model 2 .. .. . . e 30
Soil Albedo (SALB) . ... ... e 31
Initial SALUFAtION . ... ... 32
Effective Rainfall Intensity .. ... ... .. ... . 33
Flow Shear Stress . ... ... it e e 34
The Discharge Rate . .. .. ... ... . .. . . . i 34
Sediment Transport Capacity (TC) . ........ ... .. ... ... . ..., 35
Hydrologic Inputs tothe Model . ... ... .. ... o oo Lo 35

CHAPTERTHREE . .. ... ... 36



3.0
3.1
3.2
3.24
3.2.2
3.2.3
3.3
3.4
3.5
3.6
3.6.1
3.7
3.8
3.8.1
3.8.2
3.8.3
3.84
3.8.5
3.8.6
3.8.6.1
3.8.6.2

3.8.6.3

MATERIALS AND METHODS . . ..o vvovrveererecemeee e 36
SHUAY ATBA v oo vveace e 36
T I 36
RAINMAIL © e ce e 36
TEMPETAUTE . . oo oo vvvevvn s 39
Potential Evapotranspiration (ETp) ... .covvveenn 41
Geology and Geomorphology . ... ..o 41
a1 T I 42
Vegetation and Land Use . ..........ovhninnes 43
Field Measurements and Equations Used . ............... 43
Chemical analysis of sediment collected . ................ 45
Computer Erosion Models . ...l 46
Layout of Experimental Field ............... ... ..., 47
Strategy Adopted for the Field Work .. .................. 48
Measurement of Rainfall Splash . ......... ... .. ... ..., 52
Sources of Error from the Experimental Plots . . .. .......... 53
Measurement of Runoffand SoilLoss . ................. 65
Measurement of Rainfall Intensity .. ................... 56
Estimation of unmeasured parameters ... ... ............ 63
Net Capillary Drive . .. .. .. ... ... .. i ... 64
Maximum Interception Storage . . ..................... 64

Soil Cohesion



3.9

3.10

4.0
4.1

4.2

4.3

44

45

4.6

5.0
5.1
5.2
5.3

xi

Data Analysis . ...... ... . . e
Sensitivity and Data Error Analysis . ....................
CHAPTER FOUR .. .. . i
Pluvio-edaphic Pattern . .. ... ......... .. ... ... ......
Physical and Chemical Properties of the

Experimentaiplots ... ... ... . ... . L.
Measured and Computed Rainfalt

Parameters .. .. ... ... e
Measured and Predicted Soil Detachment

and Soit LoSs . .. .. e
Results Validation . .......... ... .. .. ... ... .....
Inferences from Discussion of Resuits . .. ...............
CHAPTER FIVE ... . . et e e

SUMMARY AND CONCLUSION . ............... .. ...

Suggestions for Further Work . .. ....... ... ..........
References .. ... ... .. i iii ey

Appendices . ... ... e e e e



3.1

3.2

4.1

4.2

4.3

44

4.5

4.6

4.7

4.8

4.9

4.10

4.11

xii

LIST OF TABLES

Title Page

Rainfall amount with dates for 1968 and 1995 . ............
Rainfall amount with dates for 1969 and 1993 ... ... .......
Physical properties ofthe . . ... ... ... .. ... ... .. .....
Chemical properties of the surface soilsin 1995 . ... .......
Chemical properties of the surface soilsin . ..............
Measurement and computation of rainstorm parameters
daybydayfor . ... .. . . . . e e
Measurement and computation of rainstorm parameters

day bydayfor ......... .. .. . .. ... e
Measurement and computation of rainstorm parameters

day by day for ... ... .. . ...
Comparison of measured soil loss with predicted

model 1 soil loss (kg/m2) as a storm by storm event (1993) . ..
Comparison of measured soil loss with predicted

madel 1 sait loss (kg/m2) as a storm by storm event {(1995) . ..
Comparison of measured soit toss with predicted

model 1 soil loss (kg/m2) as a storm by storm event (1996) . ..
Summary of data anatysis month by month for 1993

FAINY SEASOM . . . . . ittt e e e e e
Summary of data analysis month by month for 1895

rAINY SEASON . . .. i i i e e e e e

90

91



412

4.13

4.14

4.5

xiii

Summary of data analysis month by month for 1996

FAINY SEASON . ... i e e e e 94
Comparison of soil loss on monthly basis without

soill detachment for 1993, 1995 and 1996 ................ 95
Comparison of soit toss incorporating soil detachment

component on monthly basis for 1993, 1995 and 1996 . ... ... 96

Selected rainfall amount for soil loss comparison ... ... . ... 114



2.1

3.1
3.2

3.3
3.4
3.5

3.6

3.7
4.1
42
4.3
44
4.5

4.6

Xiv

LIST OF FIGURES

Titie Page
A Comparison of kinetic energy and momentum as

functions of intensity ........... R R R 16
Nigerian vegetationzones . ............ ... .. ... .... 37

The approximate location of erosion plot in the

University farm .. ... ... .. . . e 38
Distribution pattern of rainfall in Zariaarea ............... 40
Field experimental layout . .. ...... ... ... .. ... .. ... .... 49
Detailed drawing of pipe conveying plot runoff

intothedrum . ... ... . ... .. . . 50
Splash trap positioned in the field to collect

splash erosion . .. ... ... ... . . . . e 51
Cross sectional view of asample splashtrap ............. 54
Relationship of rainfall amount to intensity . .............. 80
Relationship of rainfall amount to kineticenergy ........... 81
Relationship of soil detachment to kineticenergy . ......... 82
Soil loss and kinetic energy relationship . ............... 83
Observed versus predicted soil loss for bare soil in 1993 . ... 97

Observed versus predicted soil loss for bare

soilin 1998 . .. L 08



4.7

4.8

4.9

410

411

4.12

4.13

4.14

XV

Observed versus predicted soil loss for bare

soitin1996 .................. e 99
Observed versus predicted soil loss for vegetated

soil in 1993 .. L. e 100
Observed versus predicted soil loss for vegetated

soil in 1995 . L L e 101
Obsetved versus predicted soil loss for vegetated

SOLin 1996 .. .. ... . e e e 102
Predicted versus measured soil loss using model 1

for bare soil 1993, 1995and 1996 .................... 103
Predicted versus measured soll loss using mode! 2

for bare soil 1993, 1995and 1996 . .................. 104
Predicted versus measured soil loss using model 1

for vegetated soil 1993, 1995 and 1996 . ............ ... 105
Predicted versus measured soil loss using model 2

for vegetated soil 1993, 1995 and 1996 .. .............. 106



1.(a)
(b)
I1.(a)
(b)
ll.(a)

xvi

LIST OF PLATES

Title Page
Layout of Experimental Plotforbare soil .. ................... 57
Experimental runoff collecting pointforbaresoil ................ 57
Bare soil plot showing splash trap in position . ................. 58
Bare soil plot showing soil splash trap with sediments after rain ... .. 58
Picture of a drum installed at the end of each plot . .. ... ... ... .. 59

(b) Runoff volume measurement from the drum installed

attheendofeachplot .......... ... . . ... . . .. 59

IV.(a) Collection of soil washed from the plot into the drum

after the rain . . .. e e e e e e e 60

(b) Location of sptash trap inthe vegetatedplot .. ................. 60



1
CHAPTER 1

1.0 INTRODUCTION

There 1is c¢onsiderable scope for increasing agricultural
production by effecting general improvement on the soil
condition. By this means, wmore land area can be put into
cultivation without wasting time and energy in the practice of
shifting cultivation because of bad land due to erosion. The
effective management of the land is essential in securing food
for the future generation, particularly where there is
competition for available land for other interests.

If we fail to protect our fertile fields from erosion, the
fields will become infertile stony ground and wasting gullies,
the resultant effect is that our future generations will be
adversely affected as they will potentially face starvation. It
ig in the light of the above fact that quantifying the rate of
soil loss from our fields becomes an important aspect of any
sugtainable agricultural system. Not only ig the egtimation of
soil dislodged important, but the total scil loss after any
rainstorm event is equally essential.

Much of the literature on erosion modelling create an
impression that wmodel development and use are complex
mathematical exercises requiring high level of numerical
analysis and skills. The most important thing is that the
techniques used should adequately describe the processes or
phenomena represented by the model {Morgan, 1986). The study

reported herein does not deal specifically with any complex and
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detailed mathematics in predicting soil detachment and soil
loss, but is intended to employ adeguate but simple techniques
for collecting field data and comparing the field data with
some chosen predictive models in areas where gophisticated
equipment is not available.

S0il erosion, soil loss and sediment yield are terms with
distinct meanings in soil erosion technology. Soil erosgion is
the gross amount of soil moved by raindrop detachment orx
runcff; scoil loss is the soil moved off a particular slope or
field; and sediment yield is the soil loss delivered to a point

under evaluation (Mitchell and Bubenzer, 19%80). For example,
most slopes have topographic and cultural irregularities that
cause both erosion and deposition to occur. Thus, the erosion
at selected points on the slope often differs from the soil
loss at the base of the slope. Further deposition often occurs
in field boundaries and water course borders, thereby reducing
the sediment yield of the watershed (Mitchell and Bubenzer,
1980) .

In the tropics, soil erosion is a very serious problem
which ig hazardous to human survival as it has rendered
inhabitants homeless and farm lands unfarmable, In the Northern
Guinea 8Savannah zone of Nigeria, where there is 1little
vegetation covering the soil surface, the portion of rainfall
contributing to surface runcoff on the soil surface is high. It
is therefore expected that the amount of so0il loss that is

likely to be experienced will be quite high, depending on the
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type of soil in the area. The soils of the Northern Guinea
Savannah zone of Nigeria, which are ferruginous tropical soils
on sandy parent material and crystalline acid rock (Klinkenberg
and Higgins, 1968}, are mainly used for the production of crops
such as maize, sorghum, groundnut, soyabeans, cotton and
millet. The lands are more or less continually and intensively
used for crop and livestock production. Because of the climate
and vegetation of the area, the lands are subject to soil
erosion, bush burning, continous cultivation, and over grazing
(Jones and Wild, 1975)

The increasing incidence of s0il degradation, and the
congsequent impoverishment of the soils have generated concern
for proper evaluation of the characteristics of the s=oils,
rainfall amount and rate of soil loss. The long-term objective
is to come up with an equation for quantifying soil loss which
will be used in the planning of a protective conservation
measure for the fields.

It is therefore, important that gquantitative studies on
methods to measure scil detachment and soil loss in our
agricultural fields be carried out and the efficacy of these
technigues be compared to other methods in order to improve our

knowledge of estimating soil erosion.

1.1 Statement of Problem

The weather system over Samaru in the Northern Guinea

Savannah zone which was described as being distinct and
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consistent over several decades (Kowal and Knabe, 1972) shows
that there are two factors that are mainly responsible for soil
erosion and soil loss in our land namely:-

(1) the rainfall amount and impact on the soil surface,

and

(2) the soil characteristics
Having understood that the factors mentioned above are
intricate variables and interwoven, and based on the physical
phenomenon observed in the area of study, the measurements of
soil detachments, soil loss, runoff and computation of impact
energy of raindrop on the soil surface become important within
the context of the factors of soil erosion.

Predictive techniques for soil loss have been developed
over many vyears in different parts of the world. As the
understanding of the erosion process is still being expanded
through research, the refinement of the predictive techniques
must necessarily continue. In Samaru - Zaria, the nature of the
soils, the topography and agronomic variabilities responsible

for erosion constitute priority areas of investigation.

1.2 Justification of Study

For over thirty (30) years, various research investigations
have been conducted mainly by the Institute for Agricultural
Research (IAR) on the soil fertility status of the University
and IAR farms located at Samaru (11° 11'N, 07° 38'E).

But physical observation even around Zaria where the
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experiments were conducted, still shows some soil
deterioration. A major reason for the inadequate application of
the research results is because the recommended remedies have
not been reduced into adaptable engineering conservation
measures. Further more, the recent changes in rainfall pattern,
particularly in sub-saharan Africa, requires up-dates of
ercsion estimates and more dynamic prediction capability.

Rooge (1977) conducted some erogion studies in Sefa,
Senegal which has a similar climate and soil characteristics to
that experienced in Samaru - Zaria area. He found that a mean
erosion rate of 2.3 kg/m2/yr on 2.0% slope of land resulted
from runcff water. Kowal {1970a) estimated an annual soil loss
of 1.15 kg/m2/yr under crop cover in Samaru on 0.3% average
slope. This is indicative of the extent of soil erosion which
might be coccuring in Samaru under arable conditions. Such an
amount of so0il 1loss constitutes a great problem to any
agricultural activity.

Thus, this study is aimed at contributing to the solution
of s0il deterioration problems in the Nigerian Guinea Savanna
through:

(1) Validation of soil loss data in the area of study,

and

(2) TFinding easier ways of estimating soil loss in

future and recommending appropriate soil

consexvation measureg for the area.



1.3 Objectives

This study was undertaken with the following gpecific

cbjectives in view:

1.

To measure goil detachment, goil loss and runoff in

£ield plots and estimate the kinetic energy, from

well established equations available for the area.

To establish a relationghip for estimating soil loss
from the measured and predicted. data 1in Samaru,
Northern Guinea Savanna zone of Nigeria.

To recommend appropriate conservation technigques
based on erosion rates computed using the adopted

equation for the area.
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CHAPTER 2
2.0 LITERATURE REVIEW

allhiat U e ——

2.1 Introduction

Rainfall characteristics play an important part in
determining the amounts of yunoff and soil loss from
agricultural landg. Soil type. slope, land management and
conservation practices, must also Dbe accounted for 1in
prediction equations (Elwell and Stocking, 1975) . These
prediction equations including the Universal Soil Loss Eguation
(USLE) did not contain all the necessary factors in their
development. In the present-day needs for evaluating
percolation, runoff, erosion/sediment transport, and associated
dissolved solids and sediment adsorbed by chemicals which
pecome losses from farms, one simple velationship 1is
insufficient. Also, long-term averages may be meaningless, as
in the case of a toxic pesticide that may only be a problem for
a few days after application. Interactions between the various
components of the transport system prevent the use of single
straight forward calculations. However, the physical processes
can be represented by a logical series of mathematical
expressions which can be solved repetitively and easily with
high-speed computers. O0f recent, computer soil erosion
programme for predicting soil loss have succesgfully been in
use (Morgan, 1994).

The remaining part of this chapter is therefore focussed

on the review of past work and the various equations used in
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predicting erosion as related to this study and based on the
use of process base erosion model for computer execution. Also,
detailed equations employed in predicting scoil loss by European

Soil Erosion Model (BEUROSEM) and Water Erosion Prediction

Project (WEPP) are presented.

2.2 Soil Detachment and Transportation

Soil erosion can be regarded as two separate ordered
processes - detachment followed by transportation (Ellison,
1947) . Where intense rainfall is experienced, as in tropical
and sub-tropical regions of the world, these processes of rain-
drop detachment and runoff transportation can give rise to
serious agricultural, animal-grazing, or so0il and water
congervation problems.

Sediment entrainment into flowing water is the most
important aspect of soil erosion. It occurs as splash,
detachment by running water, and by other miscellaneous
procegses such as suffusion and the burrowing activity of
animalg {Thorneg, 1980) . The energy for particle detachment and
transportation is provided by raindrop impact and running
water. Detachability is a process by which soil particles are
detached from soil matrix before they are entrained in flowing
water. It is affected by particle size distribution, organic
matter, presence of cementing materials such as oxides of iron
and aluminium, carbonates and cations on the exchange complex

(Lal, 1977). Scil loss as result of splash detachment is a very
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serious threat to any agricultural activity.

When raindrop falls on the soil surface or a thin layer of
water £ilm, its enerdy is dissipated in breaking loose the soil
aggregates. The higher the impact velocity the greater the
amount of soil splashed (Bisal, 1960). About two-thirds of the
energy of the raindrop is expended in forming an impact crater
and moving soil particles (Mihara, 1957). When a thin film of
water covers the s0il surface, the drop impact is more
effective and maximum dispersion of goil particles occurs
(palmer, 1963). Free (1960) claimed that although splash
erosion can be an important Process, egpecially on fine sandy
soils, soil particles are not moved far. The process is mainly
significant for providing material which is entrained and
removed by sheet wash which ig another aspect for consideration
for soil conservation planners. There seems, however, to be an
exponential relation between splash and soil slope. Splash in
this context means, soil particles dislodged from one part to
another as a result of raindrop.

The most efficient movement of soil particles occurs when
both rain splash and sheet wash interact because particles
brought in suspension are immediately entrained by sheet flow.
Reported velocities of sheet flow range from 0.015 to 0.04 m/s
(Young and Wiersma, 1973) to about 0.30 m/s (Ellison, 1947b).

It is estimated that a velocity of 0.16 w/s is required to

erode a 0.3mm size particle.
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2.2.1 Soil Detachment

goil detachment due to rainfall may be guantitatively
defined as the mass of soil actually dislodged per unit area.
Adopting such a definition, it is apparent that in an erosional
senge, soil detachment cannot be said to be the same with soil
logs. When a raindrop hits the soil surface, soil particles are
splashed and the higher the impact kinetic energy the greater
the amount of soil gplashed. The process by which a raindrop
hits the soil which is splashed into dispersion is termed soil
detachment. In other words, soil detachment is the process of
extracting soil particles from their original position in the
aoil gystem, SO that these particles are forced or dislodged
from the normal attractive forces of the soil mass and thus
eaglly transported by moving water (Rose, 1960) . The process of
detachment is enhanced by three factors which are: raindrop
splash, kinetic energy of raindrop water and the soil
characteristics. The energy released by falling drops is enough
to detach most of the surface soil particles. This process
which is known as splash erosion 18 accountable for most of the
soil detachment in soil erosion. Also, the process 1is mainly
important for providing materials which are entrained and

removed by sheet wash.

2.2.2 80il Transportation
Ag rainfall progresses, water starts to collect and run in

small streams down the slope. This occurs first in minute rills
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which then Jjoin down slope to form cmall streams and
subsequently, gullies. Also, Ellison (1952) found that when
runoff water is present in sufficient quantity and moving with
gqufficient velocity, it can initiate soil detachment, by the
scouring action as well as cause its gubsequent transportation.
The resultant effect of the above fact is nrill" and "gully"
erosion which is detrimental to any meaningful agricultural
activity. Hence the process of transportation which is the
movement of the splashed soil particles away from their initial
position begins. Rills and small or minute gtreamgs then carry
away particles in suspension to larger channels. The erosive
action of the moving water and its scouring action along the
bed of flowing water also picks up some soil particles which
are eventually deposited at the tail end of the channel .
Understanding the mechanics of soil detachment and
transportation as presented above ig important in modelling of
the soil erosion process and also in suggesting approaches to

erosion control.

2.3 Physical Empirical Erosion Equations

Initially, physical empirical equations were developed to
describe soil loss using a single independent variable such as
given by (Zingg, 1940) :

A = C.g".L»* (2.1)
where

A = Average Soil loss per unit area from a land slope of unit
width {(kg/m2/yx).
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C = a constant of variation (combines the effects of
rainfall, soil, crop and management)

S = degree of land slope (%)}

L = horizontal length of land slope (m)

m,n = exponents of degree and horizontal length of land

slope, respectively. |

Values of 1.4 and 1.6 were proposed by Zingg (1940} for m and
n, respectively. As can be observed by comparing this equation
with later developments, the constant of variation, C, combines
the effect of rainfall, soil, crop and management. Equation 2.1
relates s=o0il loss to steepness and length of slope
{Zingg,1940) . Using plots under simulated rainfall and field
conditions, Z2ingg (1940} demonstrated that doubling the degree
of slope increased the soil loss 2.61 to 2.80 times and
doubling the horizontal length of slope increased the soil loss
in runcff 3.03 times.

Smith {1941) evaluated the effects of mechanical
conservation practices for four combinations ¢f crop rotation
and soil treatment on one soil. He found that:-

{(2) the s0il loss from ceontouring is 57% of that from

up-and-down hill operation.

(b} the soil loss from rotation strip cropping is 25% of

that from up-and-down hill operation, and

{c) the soil losgs from terracing is 3% of that from up-

and-down hill operation.
Curves were presented to enable the field conservationist to
evaluate the need for mechanical practices for each of the four
crop - treatment combinations on shelby soil with an allowable
soil loss of 0.9%9kg/m? per year. Browning et al. (1947) expanded
the procedure proposed by 8mith (1941) for several crop
rotations and for most soils of Iowa State in the United States

of America. Smith (1941) made an additional esgtimate of the
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effect of soil treatment practices on soil loss.
The relationship of rainfall characteristics to the amount
of soil eroded was determined by Musgrave (1947) using data

from several stations. The equation proposed by Musgrave (1947)

is given by:

E = (0.00527) JILR.SYIELLOE PN | _ (2.2)
where
E - the soil loss, mm per year,
I = the inherent erodibility of a aoil at 10 percent slope
and 22m slope length, mm DEer year,
= a vegetal cover factor,
= degree of slope, percent
L = length of slope, meters, and
pP,, = the maximum 30-minute rainfall, mm

Erosion was determined to be proportional to P,,'’*. The larger
data base analysed at that time indicated that the slope
steepness and length factor exponents should be 1.35 and 0.35,
respectively. Eguation 2.2 was used extensively for estimating
grossg erogion from watersheds.

In 1954, soil erosion prediction regearch was consolidated
in a cooperative effort aimed at overcoming wmany of the
disadvantages inherent in local or regionalized research
projects. More than 8000 plot - years of erosion research data
were compiled from 36 locations in 21 states of the United
States of America. A re-evaluation of the wvarious factors
affecting soil loss {(8smith & Wischmeier, 1957; Wischmeier &
Smith, 1958 and Wischmeier et al., 1958) was made which led to
the development of the widely used soil lcss prediction method
called the Universal Soil Loss Eguation. Concurrently, Musgrave

equation known as shape - practice equation was presented by
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Hudson (1961):

E = T.S.L.P.M.R (2.3)
where

E = mean erosion (tons/acre)

T = soil type

S = slope gradient (%)

L = length (ft)

P = agronomic or agricultural practice

M = mechanical protection and

R = rainfall amount (in)
The problems of adequately evaluating each of these factors
were discussed by Hudson (1961} who also reported an extensive
regearch on the erogivity of rainfall in the sub-tropics of
Africa. According to Hudson (19265), the Wischmeier and Smith
(1958)'s equation {the Universal Scoil Loss Equation, USLE)
appears less valid in Southern Africa and Zimbabwe. He found
that erosion occurred generally when rainfall intensity was
more than 25 mm/hr. Consequently, he developed the following
eguation: _

K.E. = 29.8 - 127.5/I (2.4)
where;

K.E.= Kinetic energy (J/m?} and

I = Intensity of rainfall (mm/hr). _
The develcopment of equations 2.3 and 2.4 implies that the
values of the kinetic energy can be derived from records of
rainfall intensity. Rainstorms, however, show many discrete
changes of intensity in their occurrences. It ig therefore
necessary to regard each rainstorm as being composed of many
composite parts with their corresponding kinetic energies

(see Appendices B and Cj.
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From theoretical considerations, kinetic energy and
momentum are parameters of rainfall events which are
significant to erosion. This is because erosion is a work
process which reguires the expenditure of energy in detaching
the soil particles. It was assumed by Wischmeier (1958) and
Hudson (1965) that soil detachment is dependent only on the

kinetic energy and the resulting expression can be given as:

K.E. = 1/2.M.V? _ (2.5)
where:

K.E. = kinetic energy (J/m?)

M = Mass of soil detached (g)

v = Velocity of fall (m/s}

However, work by Rose (1960) and Williams (1969) showed
that the raindrop momentum, that is, the product of the mass
and velocity or any other functions of mass and velocity could
equally have been valid. Rose (1960) argued that the mass of
s0il detached per unit area is more closely related to the
momentum than the kinetic energy of a rainstorm. Nevertheless,
aince kinetic energy and momentum have similar relationship
with rainfall intensity, as shown in Fig.2.1, the issue of
whether momentum can be used instead of kinetic energy is
therefore not very important.

Further, Elwell and Stocking {1981) developed another
framework for predicting soil erosion with the use of a Scil
Loss Estimation Model for Southern Africa (SLEMSA) .The model
which was developed in Tanzania, is given as:

Z = K.C.X ' (2.6)

where:

is Predicted mean annual soil loss (kg/m2)

X = the ratio of soil lost from a plot of length L (m)
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and slope S {slope steepness in degree) to that lost
from the standard plot.

C = the crop cover factor,which is a function of the
percentage rainfall energy intercepted (%) and is
determined from a ¢rop cover distribution curve for
the assumed crop and the distribution of rainfall
energy.

K = is a factor dependent on rainfall kinetic energy and

soil erodibility (E.F)

t=
it

rainfall energy {(J/m2)

1
il

soil erodibility index obtained by rating all soils
from 1 to 10

Thege sgingle factor equations such as equations 2.1 to
2.6 were developed for 1local situations where other
contributing factors were reasonably constant. Multiple factor
equations were developed as more data became available and
regearchers were better able to describe contributing factors.

These analyses culminated in the equation most widely used
today for soil loss prediction - the Universal Soil Leoss

Egquation (USLE) given as:

A = RKLSCP (2.7)
where:
A = Average annual soil loss (kg/ha)
R = An average annual erosivity factor
(dimensionless)

K = Soil ercdibility factor (dimensionless)
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L = Slope length (m)

S = Slope gradient (%)
C = Cover management factor (dimensionless)
P = So0il comnservation or engineering practice

factor (dimensionless)

The USLE is a simple mathematical model that reiates the
average annual soil loss (A} to the average values of the
parameters. The USLE is a much used and powerful model for
estimating long-term erosion. However, the USLE is a static
model in the sense that it does not describe changes arising
for example from a single rainfall event. Thus, the USLE cannot
be used to estimate the s0il loss from a single rainfall event
in catchments {(Wischmeier, 1978). Recent investigations have
focussed on re-defining the parameters of the USLE for a
greater range of conditions.

The first scientific study of ercosion effects is thought
to have been done by Wollny in the late nineteenth century as
reported by Hudson, (1971) . The first quantitative experiments
in the United State of America were begun by the Foregt Service
in 1%15 as reported Dby Hudson, (1971). In 1917, Miller as
reported by Hudson (1971) began a plot study of the effects of
crops and rotations on runoff and erosion. The widespread
concern of the damages of soil erosion in the 1920s and early
19308 resulted in an increase in scientific erosion research.

The importance of raindrop impact in the erosion process

was not fully appreciated until the natural rainfall studies of
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Laws (1940) and the analysis of the mechanical action of
raindrops by Ellison | (19%47a). Thereafter, extensive
investigations of the erosion process have been carried out in
most parts of the world for the past sixty years
{Obiechefu,1985) . However, most of the work was carried out in
the United States of America and partly in most of the European
countries. (Benneth,1939;Zingg, 1940 ;Musgrave,1947;Ellison, 1946
and 1947a;Ekern,1950;8mith and Wischmeier,1957, 19%8). Thus,
several scientists began to develop empirical equations for
s0il erosion predictions as data became accumulated and
exchanged.

2.4 Erosgsion Studieg in Nigeria.

In Nigeria, several studies have also been made (Ansile,
1935%; Grove, 1952; Lloyd, 1962; Floyd, 1964 & 1965; Ofomata,
1965, 1985a,b; Kowal 1970a,b; Kowal and Kassam, 1976; Lal,
1976; Aina et al.,1977; JelJe, 1972; Okeoma, 1982; Obiechefu,
1885 and Adewumi & Laleng, 19%8%). Sheet erosion which is wide-
spread in Nigeria has been investigated by Uzocamaka, (1979),
Kowal (1970a) and Lal (1573). Sheet erosion is more serious
than it is usually appreciated. It gradually depletes the soil
and sets the stage for more spectacular gully erosion and flood
{Obiechefu, 1985).

The equations reviewed above either written or wmentioned
are complex. In fact one of the criticisms levelled against the
USLE is that the USLE is a static medel in the sense that it

does not describe changes arising in response to the changes in
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gystem being' modelled. In other words USLE uses a lumped
approach method to give predictions of mean annual soil loss.
Thigs criticism will therefore apply to soil loss estimation
model developed in other countries.

Most soil erosion wodels developed for predicting soil
ljoass and runoff on agricultural fields are aimed at
incorporating all the factors involved such as climatic, soil
characteristics - both physical and chemical. However, the
temporal and spatial scales involved vary from one model to
another. For example, the Universal Soil Loss Equation (USLE)
developed by Wischmeier and Smith (1965) ia designed to
predict long term mean annual scil loss from runoff in the
field.

Chemicals, Runoff and.Erosion.fronlAgricultural Management
Systems nCREAMS" (Knisel, 1980) and Areal Non-point Source
Watershed Environment Resources Simulation "ANSWERS" (Beasley,
et.al.,1980) are more of the process—based models developed to
estimate soil loss from agricultural fields.However, the
parameters required in the aforementioned meodels would be
difficult to measure oL the field, hence the difficulty in
their adoption in Nigeria because of sophiscated equipments
needed. More importantly, erosion models such as the USLE,
CREAMS and ANSWERS lump interill and rill erosion together,
thereby making it difficult to separate soil detachment and
soil deposition due to either of the two phenonmena.

The European Soil Erogion Model (EUROSEM) ig a single
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event process-based model for predicting soil erosion by water
from fields and small catchments (Morgan, et.al.,19%3). It can
also be used to assess the risk of erosion and to evaluate the
effects of soil protection measures. It is being developed as
a collaborative project involving 25 scientists from ten
Buropean Countries. The model operates by taking rainfall and
then considering in turn, the interception of the rain by the
plant covers; the detachment of soil particles by raindrop
impact and by flow; the volume of runcff; and the deposition of
sediment.

The USDA-Water Erosion Prediction Project (WEPP) was
developed as a new generation soil erosion prediction
technology for use in soil and water conservation planning and
assessment (Foster and Lane, 1987). The WEPP wag designed to
estimate rill and interrill soil losses and sediment yields
from a complex shaped slope profile. It is process-based and
developed from fundamentals of hydrelogic and erosion science.
The WEPP computer program which replaces Universal Soil Loss
Equation (USLE) produces many different kinds of output, in
various guantities. The most basic output contains the runoff
and ervosion summary information, which may be produced on storm
by storm, monthly, annual, or average annual basis. The program
predicts detachment and deposition at the end of each slope
{(Agcough et al.,19%4).

European Soil Erosion  Model {EUROSEM} (Morgan,

et.al.,19%0) in addition to estimating the risk of erosion, has
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the following advantages:-
(a) applicable at field and small catchment scales
(b) allows the contribution of sediment to water bodies to be
determined
{c) provides veliable estimates of ercosion for comparison.with
acceptable standards
(d) operates on an event basis for the two individual storms
each year which contribute most of the annual soil loss;
and
(e} is useful as a design tool for gselecting soil conservation
measures. ’
The detailed equations used in each of the two models is
presented in the following sections.
2.5 European Soil Erosion Model (EUROSEM): Model 1
The model computes soll loss as a sediment discharge,
defined as the product of the volume of runoff (m*/s) and the
sediment concentration in the flow (m*/w’), to give a volume {or
magss) of sediment passing a given point in a given time. The
computation is pased on the dynamic mass balance equation

(Bennett, 1974; Kirkby, 1980).

q, [x,t] =-§%égl + —é%%gl elx, tl 2.8
In which,
C - Sediment concentration {m®/m*)
A - Cross sectional area of the flow (m®)
0 - Discharge (m*/s) |
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Qs - external input or extraction of sediment per unit
length of flow (®/s/cm)
e - net detachment rate or rate of erosion of the bed
per unit length of flow (g/s/w?)
b4 - horizontal distance, and

t time (mins)

"

The term, e, in Bg. 2.8 ig defined by two major components:

e = DET + DF ' (2.9}
where |
DET = the rate of soil particle detachment by
raindrop impact (g/s/m2) and
DF = the balance between the rate of soil particle

detachment by the flow and the deposition rate
of sediment in the flow {g/s/m2}

In solving Eq. 2.8 for the soil erosion the parameters
needed include: rainfall interception by vegetation, soil
infiltration rate, soil surface condition and surface runoff.
The procedure for estimating the magnitude of the parameters
are presented as follows.

2.5.1 Rainfall Interception

Rainfall input (R) to the model is in the form bf a depth
(mm) for each time step during a storm event and from this
input, rainfall intensity 1 {(om/hr) and rainfall volume (m3)
(depth x area) are calculated. On reaching the canopy of the
vegetation, the rainfall is divided into two parts. These are:

that reaching the soil gurface as direct throughfall {(DT), and
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th;t falling either on open ground oY passing through gaps in
the canopy.
pr = R - IC . o (2.10)
where DT is the Direct Throughfall

Merriam (1973) defined the volume of the interception store

(ICscre) 28

IC. core = Cover.ICu. (1 - exp {Rcum) ) | {2.11)
where: |
Rcum - Ccummulative rainfall from atart of storm to
the end of storm
SF ~ 0.5.TIF. (cosPA.Sin*PA) | (2.12)
for grass oOr |
SF = 0.5.TIF.{(cosPA) | (2.13)

for other species (Van Elewijck,1989a&b)

where:
SF = stem flow
TIF = temporarily intercepted throughfall or the
difference between IC and IC.icre
TIF = IC - IC.core (2.14)
PA - average acute angle of plant stems tO the

ground
The leaf drainage (LD) 1is estimated as
LD = TIF - SF {(mm) | (2.15)
where:
¢ = R.COVER ' . (2.16)

where:
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IC = the depth of rainfall intercepted by the

vegetation (mm)

IChax = Maximum volume of interception

R = rainfall input (mm) and

COVER = the percentage COVer of vegetation (%}
2.5.2 Infiltration

Infiltration 1is accounted for in the KINEROS MODEL which
generates runoff as excess rainfall using Smith and Parlange,
(1978) equation. A detailed description of KINEROS model can be
found in Woolhiser, gmith and Goodrich, (1990) . The maximum
rate at which water can enter the soil or infiltration capacity

(€. in mm/hr) is defined as:

f. = Ks.exp(FXB)/(exp(F/B) - 1) (2.17)
where:
K, = the saturation hydraulic conductivity of the
soil (mm/hr)
F = the amount of rain already absorbed by the soil
{(mm) and
B = the saturation deficit of the soil {(mm)

The term B is obtained from

B = h.®. (Spax - Si) ' (2.18)
where:

h = the effective net capillary drive (ram)

& = the soil porosity (%)

Spax = maximum value of relative saturation of the

soil
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S, = initial value of relative saturation
Relative saturation igs defined as the water content of the soil

(12/1%) divided by the porosity (L}/1?) The term h 1is derived

from:
0
h = —= .ffc(q:).dq: | (2.19)
sat Y .
in which:
Y -  the soil matric potential and
K(¥) = hydraulic conductivity, function of
Ksatveg = Keoe + L/ (1 - Phase) : - (2.20)
where:
Kaacveg = saturated hydraulic conductivity of the
soil with vegetation
Kear = saturated hydraulic of bare soil
Prace = total area of base of plant stems expressed as
proportion of total area of plant.
2.5.3 goil Surface Condition

5011 oUXLALE »ooi==—=—ss

The roughness of the soil surface including roughness
brought about by tillage determines the volumes of water that
can be held on the surface as depression storage {(D,) . The
basis for modelling depression storage ig extremely limited as
only a few studies are available for quantifying the depths of
water likely to be involved (Morgan, et.al.,1992) . Depth (mm)
of surface depression storage is estimated as:

D, = 0.15[(1 - RR) /DEPNO] (2.21)

where:
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The discharge
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DEPNO

RR

(i) Discharge
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the number of depressions {individual low
points) along the transect of roughness
measurement.

the ratio of the straight line distance
petween two points on the ground to the
actual distance measured over-all the
microtopographicirregularities.Strictly,
this ratio describes the degree of
smoothness of the surface. It is advised
that 15% of actual value calculated should
pe used because of microtopographic

jrregularities (Morgan, et. al.,1992).

gurface Runoff

A e e e =

(m*/s) of surface runoff within the model

ijon is computed based on manning’s equation for flow

Q

= A.8Y2 R*3/n (2.22)

runoff discharge in (m*/s)

crosa-sectional area of plot {m*)

field slope (m/m)

R = hydraulic radius {m)

tal
n

Manning roughness coefficient for flow velocity (s/u!/?)
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2.5.5 Soil detachment by raindrop impact
The energy of the rainfall reaching the ground surface as
direct throughfall (KE (DT) ; J/m2/mm} is agsumed to be the same
as that of the natural rainfall. It is estimated as a function
of rainfall intensity (I; mm/hr) from the equation derived by
Brandt (1989), assuming that the raindrop size distribution
follows that described by Marshall and Palmer (1948):

KE (DT) - 8.95 + (B.44logI) (2.23)
Where

I

Rainfall Intensity (mm/hr)
The energy of the leaf drainage or drip fall (KE (LD) ; J/m2/mm)
ie estimated from the following relationship developed
experimentally by Brandt (1990) :

KE (LD) = (15.8PH"%) - 5.87 (2.24)
Where |

PH = effective height of the plant canopy {m)
goil detachment by raindrop impact (DET; g/m2) is calculated

from the equation:

DET = K.KE'.e ™" C(2.25)
where:

K. = an index of the detachability of the soil (g/J)

KE = the total kinetic energy of the rain {J/m2)

b = an exponent

h = the depth of the surface water layer ()
Seil detachability depends on coil texture. Values for the

index, K are given in the User’s Guide (Morgan, et.al.,1993).
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They are taken from graphs and tables presented by Pbesén
(1985), Govers (19921) and Everaet (1992), and corrected
acccording to the procedure proposed by Poesen and Torri (1988)
to allow for differences in the size of the measuring plots
used by the wvarious researchers (Morgan, et.al.,1993).

2.5.6 Soil detachment by runoff

Soil detachment by runcff is modelled in terms of a generalised
erosion-depogition theory proposed by  Smith (Morgan,
et.al.,1993). This assumes that the transport capacity of the
runoff (TC} reflects a balance between the two continous
counteracting processes of erosgion and deposgition. 1t implies
that the ability of flowing water to erode 1its bed 1is
independent of the amount of material it carries and is only a
function of the energy expended by flow. This condition was
expressed in the model as:

DF = y.w.v,. (TC - C) (2.26)
where:

DF = net detachment rate of soil particles by the

flow (g/s/m?)
)4 = overland flow (s}
= flow area {1/m?)
v, = settling velocity of the particles (m/s}
TC = transport capacity (g/m/s)

c = sediment concentration (g/m/s)
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2.6 wWater Erosion Prediction Project (WEPP) : MODEL 2

Water Erosion Prediction Project (WEPP) represents an
advance on CREAMS as it has replaced the USLE relationship for
modelling soil erodibility and crop management with more
dynamic procedures. WEPP does not cowpute chemical movement but
is concerned ijnstead, with day - to - day field operations as
they affect <crop canopy cover, CIOp residue and surface
roughness. WEPP contains a dynamic water balance calculator
which is driven by separate sub-models dealing with climate,
crop growth and crop residue decay. Detaills of the equation
uged in WEPP are also presented below.

The WEPP erosion model computes egtimates of net
detachment and deposition using a steady state gsediment

continuity eguation, which is

ds/ax = D, + Dy (2.27)
where:

X = distance downslope (m)

s = gediment load (kg/s/m)

D; = interill erosion rate (kg/s8/m2)

Ds = rill erosion rate (kg/s/m2)

Net soil detachment in rills is calculated for the case when
hydraulic shear stress exceeds the critical shear stress of the
soil and when sediment 1oad is less than sediment transport
capacity. Therefore,

D = Dc[l - 8/Tcl (2.28)

where:
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Dc

detachment capacity by flow (kg/s/m2) and

Tc

L

sediment transport capacity in the rill
(kg/s/m)
When hydraulic shear stress exceeds critical shear stress for

the soil, detachment capacity, Dc is expressed as

D, = K7 - 7o) (2.29)

K, = s rill soil erodibility parameter (g/m}

Te = flow shear stress acting on the soil (Pa)

T = the rill detachment threshold parameter OF
critical shear stress, of the soil (Pa)

Te = 2.67 + 0.065.CLAY - 0.058.VFS (2.30)

where:
VFS = percent very fine sand
CLAY = percent CLAY

The equations above are for soile containing 30% or more of
sand. The rill soil erodibility parametex can be estimated as:

K, = 0.00197 + 0.00030*VFS + 0.03863exp(-1.84*ORGMAT) (2.31}

where
ORGMAT = percent organic matter in the surface soil
(and the model assumes that organic matter
equals 1.724 times organic carbon content)
K, = 2728000 + 192100.VFS (2.32)

Rill detachment is considered to be zero when shear atress is
less than critical shear stress of the so0il.
The basic parameters needed in the solution of BEgq. 2.27

include: Scil albedo, initial saturation, initial plant
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available water content, effective rainfall intensity, flow
shear stress, the discharge rate, sediment transport capacity
and the hydraulic inputs. These parameters are presented.

2.6.1 Soil Albedo (SALB)

Albedo 1is the fraction of the solar radiation which is
reflected back to the atmosphere. Agcough, et.al., (19%4)
estimated it as:

SALEB = 0.6/exp(0.470RGMAT) (2.33)
2.6.2  Initial Saturation |
The definition of initial saturation is the fraction of the
porosity filled by water at the beginning of the simulation.
This parameter is used to initialize the soil water content for

each soil laver and is given by (Ascough et al.,199%94):

SOILWA = (SAT.POR.RFG) .DG (2.34)
POR =1 -bd . 100 . 100 (2.35)
2.65 1
where:
SOILWA = The total soil water content (mm)
RFG = correction of porosity for rock content,
(fraction by wvolume)
DG = thickness of so0il layer (m)
POR = Scil porosity (%)
Bd = Bulk density (g/cm’).
2.6.3 Initial Plant available water content

The initial plant available water content (ST) at the beginning
of gimulation is also described by {(Ascough et al.,199%94):

ST = (SAT.POR. (1 - RFG} - thetdr) .DG (2.36)
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where:

ST = inintial plant available water content

(m/layer)
thetdr = volumetric soil water content at 1500 kpa
tension, (m3/m3)}

D, = K.I2.C,.G,. (R8/W) o | (2.37)
where:

Dy = interrill detachmenﬁ rate (kg/s/m)

K = pageline interrill erodibility (kgs/mé)
-1, = effective rainfall intengity {(m/s)

C. = effect of canopy on interrill erosion (m)

Ge = effect of ground cover on interrill erosion (m)

Re = rill spacing {m)

w = computed rill width-(m)

C, - 1 - Fc.exp(-0.34H) (Laflen et al.,1987} (2.38)
where:

Fe = fraction of soil protected by canopy cover (%)

H = effective canopy height (m}

G, = exp(-2.5gi) | (2.39)
where: |

gi = the fraction of interrill surface covered by

residue (m) |

2.6.4 Effective rainfall intengity I,

This variable (Ie) ig calculated by the hydrologic component of
the WEPP wmodel which generates breakpoint precipitation

information and runoff hydrographs (time and amount} to
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estimate interrill soil 1osg and calculated from equation

(Nearing, et.al.,1989):

I, = [Ldrz'dtll/z (2.40)
a te

where:
I = rainfall intensity (m/s)
t = time (s8)
t. = total time during which the rainfall rate
exceeds infiltration rate (min} .
2.6.5 Flow shear stress

shear stress of rill flow ig computed at the end of an average
uniform profile length by assuming a rectangular rill geometry.
The shear stress from the uniform profile is used as the
normalisation term for hydraulic shear along the profile.
Wwidth, w(m), of the rill is calculated using the relationship:
W = c.Q (2.41)
where: '
Q. = flow discharge at the end of the slope
valid for small plot and slope (m*/s)
¢ and d = are coefficients derived from data from
the study of Laflen et al. (1987).
2.6.6 The discharge rate
The quantity of runoff collected at the end of field plot is
computed using equation:

Qe

pP,.L.Rs (2.42)

where:

P, peak runoff rate (m/s)
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L = slope length (m)
Rs = digtance between flow channels (m)
2.6.7 Sediment Transport Capacity (TC)

Sediment transport capacity (TC) as well as sediment load, is
calculated on a unit channel width basis within the erosion
component. Sediment load is converted to a unit field width
basis when the calculations are completed. The transport
capacity, TC (g), as a function of X is calculated using

equation given by (Ascough et al.,1994):

TC = KT O (2.43)
where: | ' .
TC = sediment transport capacity {(kg/s/m}
T = is the hydraulic shear stress acting on ﬁhe soil
{(kpa}
K. = transport coefficient (s/m)
2.6.8 Hydrologic inputg to the model

The three hydrologic variables are:-

- Peak runoff rate, P, (m/s)

- effective runoff duration, t, (s)

- effective rainfall intensity, I, (m/s)

These variables are calculated by the hydrologic component of
the WEPP wmodel which generates breakpoint precipitation
information and runoff hydrographs. | -

In both EUROSEM (Model 1) and WEPP (Model 2), an attempt
was made initially to distribute the flow on each slope segment
into unconcentrated and concentrated flow components, dependent
upon the roughness of the soil surface and the width of the
concentrated flow paths. Runoff estimation in these two models

are treated as a single one - dimensional flow (Morgan, 1994).
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CHAPTER 3

3.0 : _ MATERIALS AND METHODS

3.1 gtudy area

The experimental site is located at the Inetitute for
Agricultural Research (IAR) experimental farm which is part of
the Ahmadu Bello University farm, Samaru on Zaria - Sokoto
highway, on Longitude 7° 38‘'E and Latitudes 11° 11’'N within the
Northern Guinea Savannah zone of Nigeria (Fig.3.1). Figure 3.2
shows the locatiéh of the University farm, the Institute for
Agricultural Research (IAR) farm and the Meteorclogical station

(marked M), northwest of Samaru village.

3.2 gClimate

3.2.1 Rainfall

In general terms, the rainfall pattern of Samaru and
particularly that of the study area follows the same pattern
every year except for some few exceptional cases. In other
words, the climate shows a distinct and fairly regular pattern
over the years (Kowal and Knabe, 19%72). The rainfall pattern in
Samaru is characterised by cool dry North-easterly winds which
yield virtually no rains between October to March (Awujoola,
1979) . The c¢limate has a well-defined wet season between June
and September with early rain starting between late April and

May while few rains can alsoc occur around Octcober {(Kowal and
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Knabe, 1972). The annual rainfall amount for Samaru ranges from
840 teo 1150mm, with a mean of 927mm (Kowal and Kassam, 1976).

The monthly rainfall amounts for the rainy season for the
| menﬁhs of June to August for the period 1980 to 1995 range from
118mm in June to 700mm in August. This indicates that the
highest rainfall amount could be expected in August (2akintola,
1%86), (see Fig.3.3).

It can therefore be confirmed that adeguate rainfall was
recieved during the periods of measurements (July to October),
since the average annual amount of rainfall in Samaru from
January to December is 1118mm (Kowal and Knabe, 1572), while
the average rainfall amount during the period of measurement.
was found to be 829.31mm. This constitutes 74% of the total

rain reccorded for each year.

3.2.2 Temperature

The mean minimun temperature ranges between 15.2 to 21.8°C,
While the mean maximun temperature is between 29.8 and 34.7°C.
The mean minimun temperature is found in the month of December
and January while the mean maximun is found in the month of
April. (Kowal and Knabe, 1972). Therefore, the temperature is
at maximun during the month ¢of April while the minimun is found
to be in the month of December and January, and the temperature
decreases progressively as the rainfall season sets in.The

cooling effect of the rains reduces the mean monthly maximum

temperatures normally'experienced in the month of April, This
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is mostly pronounced in the months of April, May and early
June. The low teuwperatures experienced during the month of
December and January is due to the combined effects of the
harmattan dust suspended in the air, which at times can be as
effective in reducing the solar radiation by producing an over-
cast sky (thick shadow that would otherwise be referred to as
cioud). Generally, the temperature experienced in Samaru is
optimum and favourable for the type of rainfed agricultural

crop practice and crop production for the area,

3.2.3  Potential Evapotranspiration (ETp)

Monthly potential evapotranspiration (ETp} values vary'between.
97 and 154mm, with a mean of 122mm during the rainy season. The
anmual mean potential evapotranspiration of 1461mm is greater
than the mean total rainfall amount of 927mm for the.1980 -
1996 period. There are, however, periods of the year, that is,
June to September when rainfall amounts exceed potential
evapotranspiration (Kowal and Knabe,1972}). This, however,
indicates that potential evapotranspiration is low and thus,

surface runoff is expected to be high for the period July to

September under consideration.

3.3 Geeplogy and Geomorphology

Ojanuga (1980}, Wright and McCurry (1970) and Korofi (1972}

noted that Zaria area is underlain by low lying and often

" deeply weathered biotite gneisses. Porphyroblastic granites



C 42
form the ﬁ?ominent inselbergs of Kufena hills and several other
gmall hills in the Zaria area. Gneisses form part of a
crystalline complex, which occurs within the gneisses and
alternating with them in some places are schists. A close
examination of these schists shows that they contain muscovite,
quartz, feldspars, and traces of biotite. Zaria Field Society
{1978} confirms the above statements, and observegs that the
plains around Zaria are underlain by ancient crystalline rocks,

which inspite of their great hardness are usually deeply

- rooted. The most wide-spread rocks around Zaria are the

metamorphic biotite gneisses, and granite of the Nigerian
basement complex. In the dhmadu Bello University Farm Zaria and
the Institute for Agricultural Research Farm, there are no bare
rocks (rock-out-crops) exposed, but dguartz veins and mica
.'_schists traverse the rooted rock in places as is evident in the

top soils.

3.4 Soils

Sc0ils in these area avre generally classified into "Alfisols”
order using the United States Department of Agriculture
{USDA), (1975) system of soil classification. In the Food and
Agriculture Organization (FAO), (United Nations Educational,
Social and Cultural Organization (UNESCO), 1974) system, the
soils are classified as "Nitosgols", "Luvisols" and "Gleysolsg®

(Awujoola, 1979). The Gleysols are commonly located within the

backswamps and low land areas bordering the Kubani River. The
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soils are mainly a mantle of residue overlain by aeolian
deposits and have a surface texture of loamy sand to sandy loam

(Aremu, 1980;).

3.5 Vegetation and Land use

The land area surrounding Samaru within the Kubani River
catchment area belong to an open Savannah woodland within the
Northern Guinea Savannah zone of Nigeria. Land area within the

river’s catchment have commonly : isoberlina - doka, isoberlina

tomentosa, Monotes Kerstingn, Daniella Oliver, and Clapaca

togenitis as common woody trees. At the Institute for
Agricultural Research experimental farm and the Ahmadu Bello
University Farm, Zaria, the savannah woodland has been
disturbed by farming, and felling for firewood, leaving open
shrubby woodland in varying stages of regrowth (Odunze, 1997).

Common grasses of the backswamp and flood plain areas include

Elionanas pobeguini and Paspalum orbiculare which
characteristically flourishes during the middle of the dry

season in the study area. (Awujoola, 1979).

3.6 Field Measurements and Equations Used

In order to fully understand the soil detachment process
and soil loss from a field plot, the researcher undertook a
research attachment with Professor R.P.C. Morgan at Cranfield
University, Silsoe Campus, Bedford, United Kingdom in 1994.

During the attachment period, all major erosion predictive
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‘models were reviewed and all the 'field,lﬁaraméteré to be
measured (inputs into the models) were also identified.
In order to overcome the error normally encountered during
field measurements, an equation for correcting the effect of
80il detachment during field measurement was proposed by

(Poesen and Torri, 1988 ; Savat and Poesen, 19%81)

A = B.exp(0.054D) = I & P
where: | | |
A = the real mass of sgplashed soil (g/cm®)
B = the measured mass of splashed soil (g/cmﬂ.--"

D = the diameter of splashed traps. The correction depends
only on the trajectories of splashed material. |

For the purpose of comparison, the energy of the rainfall
uged in dislodging the soil particles were calculated from
established expression developed by Kowal and Kassam (1976).

The equation is presented as:

K.E. = 41.1Ra - 120 {(J/m?) o _._. | (3.2)
where . | |
Ra = rainfall amount (mm) recorded in the rain guage
{Kowal and Kassam, 1976; Adeoye, 1986)
K.E. = Kinetic Energy of the rain (J/m2) and
Dv = 1.77 + G.93Ra S S (3.3)
where | | f |

Dv = drop volume, (mm®/mm?) .

" The Kinetic energy per unit depth ¢f rain is calculated by
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dividing K.E in (J/m?) (Eg. 3.2) with Dv in (mm) from Eg. 3.3
to obtained the Kinetic Energy in J/m?/mm. Other field
parameters measured and analysed with the use of the already
established eguations include the physical and chemical
properties of the soils. The physical property measured were:-
bulk density,total porosity, soil moisture content and air-
fiiled porosity deduced from the difference between total
porosity and volumetric moisture content. Similarly, the
chemical property measured were:- pH, Organic carbon, total
Nitrogen, exchange acidity and cation exchange capacity.

The determination of bulk density was done by the use of
standard core sampler provided by the Department of Soil
Science, Faculty of Agriculture, Ahmadu Bello University,
Zaria. Undisturbed soil sample was taken by driving the sharp
end of the core sampler into the soil at a specified depth of
20cm. This depth is known to be very vital for crop production
and is, also prone to erosion. The soil sample was weighed wet
and after oven drying. The core éampler was weighed and its
volume (V) determined. The Total and Air-filled Porosities were

determined by the use of the Eq. 2.34

3.6.1 Chemical analysis of sediment collected

The sediment collected in each plot was subjected to
chemical analysis to determine any loss of nutrients within the
runoff which may be detrimental to crop production. Specific

analysis on the sediment includes :- Particle size, pH, Organic
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total Nitrogen, exchange acidity and cation exchange

3.7 Computer Erosion Models (Process based excsion medels)

During the research attachment, Computer models that were

reviewed include:-

i.

iii

iv

Chemical, Runoff, and Erosion from Agricultural
Management Systems (CREAMS) . (Knisel, 1980; Foster et
al, 1980, Foster et al, 1981).

Areal Nonpoint Scurce Watershed Environment Resource
Simulation (ANSWERS). (Beasley et al., 1980; Beasley

and Huggins, 1980).

Water Erosion Prediction Project (WEPP). (Nearing et
al, 1994). | . |

European Soil Erosion Model (EUROSEM). (Morgan et
al, 1992). |

The major computer models reviewed were finally screened

down to twe (2). The main considerations for the screening

were: -

1.

To édopt erosion model for estimating soil ioss aﬁd
runoff accurately unde: the present condition of low
technology in Africa.

and

That the erosion model.should be simple to use and
all the factors needed to operate the chosen wodel

can be obtained with no difficulty.
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Various technigues {(Adewumi and Morgan, 199%4) were

employed to estimate soil loss and soil detachment. These

include: -
(i) - Soil detachment by raindrop impact: a
comparison of predictive models.
(i1} Soil detachment impact under vegetation cover:
comparison of two predictive models
and | |
(1ii) The role of soil conditions in.détermining soil

detachment by raindrop impact: comparative

study of 3 predictive models.

3.8 Layout of experimental field

Four experimental plots namely:- A, B, C, and D, each 4m
wide and ém long were laid-out as shown in Fig 3.4. Plots A and
B were weeded and constructed to the-specifications in Fig 3.4
and named as bare soil plots because they were constantly
weeded to keep them free from weeds while plot C was similarly
_constructed but the vegetation which was grass-like wag
maintained on the plet throughout the period of measurement.
. The last plot, D was cultivated and sown to maize crop. Each
plot was bunded on all sides to prevent any interference from
adjacent plots both in terms of soil detachment and surface
runoff. The bund was 30cm in height and 20cm wide. This
dimension was maintained throughout the duration of the

measurement (Hudson, 1957). The detailed features of the plots

n
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are shown in Figs. 3.5 and 3.6.

3.8.1 Strateqy adeopted for the field work

In order to meet the stated obkjectives, the work was carried

ocut in three (3) phases as detailed below.

{(A) First Phase:

This was the preliminary stage ﬁhich
included the evaluation and/or
determination o©of  existing field
conditions before the rainsg
commenced. The field parameters

determined include:

(1) Infiltration rates of the field soils

(ii) Bulk density, Total Porosity and Air-filled

Porosity of the field

{1i1) The type of so0il existing in the study area
{iv) Chemical composition of the Soil.
{(v) The layout of the experimental field as shown

in Fig 3.4 and plate 1 (a & b}.

(B) Second Phasge:

Periocd of field measurement. The

parameters measured were:

(1) . Precipitation {(mm)

(ii)} _ Soil detachment in {g/m’). Collecting trays

or splash-traps as installed on the field

{gee Fig.3.6 and plate 2 (a & b).
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(iidi) Runoff wvolume in (cm?®). In the drum
installed at the end of the plot (see
Fig.3.5 and plate 3 (a & Db).
(iv) Soil washed off from the plots in (Kg/m?)
was also collected from the drum (Plate
4a) .
All measurements were taken immediately after each rainfall
event for each year.

(C) The Third Phase : Comparison of measured values with
the result obtained from erosion model equation
computations using:

(i) Buropean erosion model (EUROSEM referred to as
Model 1); and
(ii) Water Erosion Prediction Project (WEPP referred

to as Model 2) erosion model.

3.8.2 Measurement of rainfall gplash

The material used for measuring the gsplashed soil consisted of
a split-open standard 4-litre Motor engine-oil plastic
container with dimensions of 23cm long, 20cm wide and 10cm
deep (see Fig.317). The container was cut longitudinally along
the 10cm depth portion to give a splash trap of size 23cm long,
20cm wide and 5cm deep. The use of these containers is
consistent with the work of Leow (1982). It was also assumed

that throughout the duration of measurement that:-
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i. the sediment surface, which is wvery flat, is
perfectly homogeneous with respect to splash, and
isotropic in any direction since rainfall is
vertical.
ii. that rainfall was homogeneously distributed over the

entire area of the experimental site where the

splash-tray was installed.

3.8.3 Sources of error from the experimental plots

Although the bounded runoff plots give probably the most
reliable data on soil loss per unit area, there are several
sources of error involved with its use (Hudson, 1957). These
include: -

(1) S8ilting of the collecting drum

(2) Silting of the pipes leading to the drum

(3) The maintenance of a contant level between the soil
surface and the sill or lip of the drum.

(4) Other problems are that runoff may collect along the
boundaries of the plot and form rills which would
not otherwise have developed because of constant
update of the plot and

(5) The experimental plot itself is a partially closed
gystem, being cut off from the input of sediment and

water from upslope.
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3.8.4 Meagurement of runoff and soil loss

Measuring soil loss on the erosgion plots on which the
splash-traps were installed involved embedding the splash-traps
on the plots which measured 24m’ each and a drum also embedded
at the lower end of the plot fér both runoff and socil loss
collection as shown in Fig.3.5 and Plate 3{(a & b). In this
investigation, 20 splash-traps were installed in the four
runoff plots (five in each plot) with an average slope of 0.058
for plots A and B while plots € and D had slopes of 0.066 and
0.0083, respectively. ' |

Five splash - traps were arranged for each plot at equal
spacings between each other down the slope in order to catch
the detached soil particles that were expected to splash at
about a radius of between 0.7m to 1.0m (Morgan, 1986). The
plots were weeded with hoe frequently to keep A, B and D bare
of vegetation, while C was left unweeéed to allow the effect of
vegetation.on soil detachment to be pronounced throughout the
period of measurement. Detached soil from each tray was
removed, oven dried and the average ﬁrom each plot was
obtained. A radius of 90cm was assumed to be contributing
gimultaneuosly into the splash-trap and the measured weight was
therefore expressed per unit area contributing to the splash-
trap {g/m?} (Morgan, 1982; 1986). A correction factor (Eg. 3.1)

was used to correct for any error during field measurement.
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Four drums (Length = 75cm, Diameter = 40cm} and a
cylindrical pipe (Length = 40c¢m, Diameter = 14cm) for directing
runoff into the drum were also embedded at the tail end of each
plot {see Fig.3.5) to collect both the runoff and the sediment.
The volume of ruunoff in cm’® after each rain was measured out
(Plate 3{b)) in each plot and the sediment that was also
carried along with the runcoff but settled at the bottom of the
drum was carefully collected into énother container, oven dried
and recorded against each plot (see Table 4.4, 4.6, and 4.8).

3.8.5 Measurement of rainfall intensity

The measurement of rainfall intensity I {(mm/hr) was
discontinued by the IAR Meteorological Unit in 1982. The past
rainfall data were used to determine the years with a similar
rainfall patterns as 1993 and 1995. It was disgcovered that 1968
rainfall pattern is highly correla;ed with that of 1995 as
shown below: ' '

1995 . 1968

size . 74 - - 71
Total 867. Omm : - 890. Cmm
Maximum ) 65mm . o 40.6mm
Minimum S . 0.3mm 0.33mm
5td. Dev. : 10.63 . _ 9.8
Std. Error 1.24 ~ 1.1s
95% Confidence 2.42 : : 2.32
99% Confidence 3.19 3.06

Because of the similarity of the rainfall pattern of 1968
and 1995, the rainfall amount with incremental time of 1968
data was therefore analysed and the rainfall amount with the

corresponding intensities was estimated from the 1968 rainfall



Platel(b). FExperimental runoff collecting point for bare soil



Plate 2(a). Bare soil plot showing splash trap in position
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Plate 2(b). Bare soil plot showing soil splash trap with sediments after rain



Plate 3(a). Picture of a drum installed at the end of each plot

Plate 3(b). Runoff volume measurement from the drum installed at the end of
each nlot



Plate 4(a). Collection of soil washed from the plot into the drum after the rain

Plate 4(b). Location of splash trap in the vegetated plot
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result i1is presented in Table 3.1 and detailed in

1968 1995
Date Rainfall Amount I {mm/hr) Year Rainfall Amocunt
o ' JULY : JULY
5/7/68 13.97mm 20.3 5/7/9% 13.2mm
24/7/68 6. 4mm 30.5 23/7/95 6 .8mm
18/7/68 1.91lmm 5.1 19/7/95 1. 7mm
AUGUST AUGUST
7/8/68 22.86mm 23.7 3/8/95 24 . 4mm
12/8/68 16.51imm 16.5 10/8/65 15.7mm
14/8/68 13.34mm 53.3 14/8/95 16, 6mm
22/8/68 13.97mm 6.77 26/8/95 13, 1mm.
23/8/68 22.86mm 3.4 18/8/%5 22 .0mm
SEPT. SEPT.
6/9/68 2.54mm 50.8 7/9/95 2.6mm
15/9/68 ~16.51mm 33.0 16/9/95 18.8mm
22/9/68 5.72mm 16.9 15/9/95 5. lmm
25/9/68 3.8mm 30.5 24/9/95 6. 6mm
29/9/68 16.51mm 33.0 28/9/95 15.2mm

Rainfall amount with dates for 1968 and 1995,

For example, the Month of August in 1995 and 18968 were
checked for the daily rainfall amounts. This was to determine
whether or not the rainfall amount recorded over the same
period was within a difference of +3mm difference (Bello, 1995;
Oladipo, 1985). It was found that the rainfall amounts were
within the ranges specified above which confirms the similarity
in the pattern of rainfall in Samaru over several decades.
Thus, the rainfall intensities fdr the corresponding periods

are expected to be approximately the same. The rainfall
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intensities for 1968 rains were therefore.téken to be the same
as those of 1995. This has been possible because rainfall
characteristics in Samaru over the years has the same
characteristics for the same week of the same month (Aiyepeku,
1992). The formation of clouds in Samaru and the resulting
outburst normally experienced in the area is the same for about
95% of the rainfall amount received while 5% accounts for the
exceptional cases (Aiyepeku, 1992; Oladipo, 1985). Similar
procedures were adopted for the 1993 rainfall which was found
to have the same pattern with the 1969 rainfall. In 1996, two .
rain gauges were installed in the experimental plot to record
rainfall amount. The durxation of fall was recorded by the farm
manager. The ratioc of rainfall amount and the total time
~recorded gives an average rainfall intensities I, (ram/hr)
recorded for 1996 rainfall season. Similar procedure was
followed in establishing intensitieslfor 1993 rainfall season.
After analysis, it was also found that 1969 rainfall was highly

correlated with 1593 rainfall pattern and is presented below.

1993 ,_ 1969
Size 63 71
Total o 989.9 -  882.246
Mean 15.71 ' - 12.43
Maximun .. - : 75 _ 45
Minimum ' ' 0.5 ' 0.64
Std. Dev. - . 15.37 9.93
std. Error - 1.%94 1.17
95% Confidence 3.8 2.31

3.04

99% Confidence 4.99
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Table 3.2: Rainfall Amount with dates for 1969 and 1993
1969 1993
Year Rainfall Amount I (mm/hr) Year Rainfall Amount
JULY JULY
10/7/69 14 .72mm 25.2 10/7/93 13 .5mm
19/7/69 15.30mm 61.2 19/7/93 15.60mm
27/7/69 8.26mm 6.77 27/7/93 8 .50mm
AUGUST AUGUST
3/8/69 21.98mm 26.4 3/8/93 22.30mm
8/8/69 17.45mm 34.9 8/8/93 17.70mm
12/8/69 12 .10mm 48 .4 12/8/93 12.30mm
18/8/69 32.70mm 38.1 18/8/93 37.70mm
SEPT. SEPT.
6/9/69 12.40mm 49.6 6/9/93 12.70mm
8/9/69 1.91lmm 194 8/9/93 1.90mm
10/9/69 16.70mm 66.8 10/9/93 16.80mm
17/9/69 6. 70mm 6.7 17/9/93 6.90mm
20/9/69 8.10mm 13.9 20/9/93 8 .40mm
3.8.6 Estimation of unmeasured parameters
During the course of field investigations, three (3)

parameters namely:-
(4. Net Capillary drive (h; cm)
(COH; kPa)

(ii) Soil Cohesion

(iid) Maximum interception storage (DINTR; mm)

could not be measured because of lack of equipment. Sensitivity
analysis was used to determine the relative importance of the
unmeasured variables as given in section 3.10. Thereafter,

optimization technique was used to estimate the wvariable

values.



3.8.6.1

3.8.6.2

&4

Net Capillary drive {(h; cm)

Input data into model 1 requires soil properties
which influence the generation of zrunoff, the
detachability of soil particles by raindrop impact
and flow, and the transport of those particles by
the flowing water. The properties that affect the

generation of runoff are taken from those used in
the KINEROS MODEL ({Woolhisger, Smith and Goodrich,
1990) to describe the infiltration of water into the
s0oil. Model 1 employes an aspect of soil properties
taken f?om KINEROS MODEL. The required parameter is
the value of the effective net capillary drive G
{(cm) which can be thought of as the net or effective
value of capillary head. Where it is not possible to
measure these values accurately, recommended values
are given in available liﬁerature depending on the
type of soil (Morgan, Quinton and Rickson, 1993).
The recommended values of h ranged from 98 to 526.

Sensitivity analysis showed that the generated

erogion was not sgensitive to h and therefore an

average value of 230 was used as the input value of
h.

Maximum interception sgstorage (DINTR; mm)

The maximum interception storage depends upon the

canopy cover of the vegetation and the size, sghape

 and roughness of the leaves. Since it is extremely



3.8.6.3
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difficult to measure this parameter, values

recommended for the type of soil for a range of

- vegetation types found in literature was also used.

Similarly, it was discovered that the estimated
value of 1.2 used in this study and for the type of
80il, had no significant effect on the output
regults generated by model 1 when compared with the

measured value.

Soil Cohesion {COH; kPa}l

Morgan, et al.(1993) stated that cohesion should be
measured with a torvane (Soil Test CL - 600) in the
field after the surface soil has been saturated. At
least six replications should be made on a single
slope plane; if the variability is greater than 15%,
the number of replicates should be increased to 10.
Some typical values of cohesion for saturated soils
of different textures are given in the literature
(Morgan, Quinton and Rickson, 1993). In order to
choose from the recommended range of values of 2 - 8
that were given in the 1literature, optimization
technigque wag used to determine the required value
by using the 1993 data collected on the field.
Different values of COH were used within the range
of 2 - 8 to calculate the erosion amount and

compared with measured soil loss. The regression
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coefficient r was calculated in each case. The.value
of COH which gave the highest value of r was taken
as the estimated wvalue of COH. The resulting COH
value of 3.5 was then used to compute soil erosion

amount for the 19%5 and 1%96 data.

3.9 Data analvais

The procedures to be followed for inputing data (field
observations) into each model for generéting soil loss 1is
explained in detail in each model user’s guide. Details of such
imput values are given in appendix E for EUROSEM herein refered
to as Model 1 and appendix H for WEPP herein refered to as
Model 2.

As a basis.for comparison with Model 2 results, both the
observed values and that of Model 1 was summed up on a monthly
basis. Detailed result is found.in.Tables 4.13 and 4.14 and
Figs 4.5 to 4.10. |

Compariscon of measured values wiﬁh.ﬁhe predicted on storm
by storm basis was done using European Soil Erosion Model
{EUROSEM) developed in Europe in 1992 and modified for use in
1994 and USDA Water Erosion Prediction Project (WEPP) developed
to replace USLE in 1992 and revised with modifications and also
released for uée in 1994 as a second version. The Advance
- graphic software (Statistical Programme) called “slide write"
vergion 3.0 developed in the United States of America in 1988

was used to analyse the result and was found to be simple to
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use and reasonably good.

A 't’ test was further employed to find out if the adopted
equations had intercepts and slopes significantly different
from zero and 1.0, respectively or not. This formed a
statistical basis of acceptability of the accuracy of the

: models.

3.10 : Sénsitivitv and data error analysis

Sensitivity is a measure of the effect of change in one
factor on another factor (McCuen,1973). It indicates by how
much the output of a medel alters in relation to a unit change
in the value of ¢one or more of the inputs. It is used to
evaluate the key variables and parameters of a model and
therefore to identify the degree'of accuracy with which the
values need to be measured or estimated. Another important role
of sensitivity analysis is that it ﬁelps to assess whether a
model 1is working rationally. In this respect, it should be
stressed that the analysis cannot show what factors most
strongly influence the soil erosion process; it shows only what
factors most influence the output of the model {Morgaﬁ,1992).
Although, such a definition stated above seems to be vague in
terms of the factors involved, it nevertheless implies a
guotient of two differentials. McCuen and Snyder, (1983),
developed a general mathematical framework of sensitivity that
is applicable in all places of the modelling of hydrological

systems which <¢an Dbe expressed in mathematical form by
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considering a Taylor series expansion of the.explicit function
as given by: | | | _
F, = £(F,, Fz,..- ..... ,Fnj . a8
The factor F, is often a model output or the outﬁut of one
component of a model. The change in factor F, resulting from a

change in a factor F, is given by,

| Lo 3 F, i 82 F_ )
f[Fi.*AFi’Fj/J#l] = FO+ 6FiAF1+-§T-6Ff.AFi +. ..

(3.7)

Equation 3.7 suggests thag Eﬁé sensitivity of F, to changes in
factor F;, can be estimated by differentiating the explicit
relationship of eq. 3.6. It measures the change in factor F,.
The linearized sensitivity eqguation can be extended to the case

where more than one parameter is chénged simultaneocusly. The
~ general definition of sgensitivity 1is derived by combining
equation 3.6 and 3.7 and which can be expressed in texrms of

relative sensitivity:

s N | - - _:; ___ (3.8)

r, =
dF;/F;
Where
r, = Relative sensitivity
dF, = Relative change in output

dF;, = relative change in input
F, = input value

F, = output value
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Equation 3.8 is applicable ¢to a differentiable
relationship. In this study, the procedure of sensitivity
analysis carried out 1s applicable to non-differentiable
relationship. This was done by putting together all the
unmeasured data as related to the model and starting the
computation procedure by keeping all other input data constant,
and by decreasing and increasing one of the parameters, within
the range recommended in the literature for the unmeasured
parameter, the output value was obtained by running the model
in the incremental order of 1%, 2%, 5% and 10%. The output at
these percentages were then compared with the weasured data.
The output value from the model having almost the same value
with the measured was then chosen with their corresponding
percentages. The procedure was then repeated by taking another
parameter £from the unmeasured data_ and keeping all other
parameters constant, (this time, including the previous
estimated value) the model was again run to produce an output
value. The procedure was repeated until all the estimated
. parameters that could not be meaéured have been estimated.

It was dgenerally observed that the sets of output values
obtained from the incremental procesgsing as described above,
showed a wide range of sensitivity between 1% through 10% as
stated above, and the 1% changes produced the most sensitive
responge for the model. This observation was in accordance with
the procedure discussed by Mudiare (1984} and Dawdy and

O'Donnell, {1965). These sgets of wvalues were then chosen as
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being suitable for the model for the environment,in the

Northern Guinea savanna, Samaru, Zaria area.
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CHAPTER 4

4.0 RESULTS AND DISCUSSION

4,1 Pluvio-edaphic Pattern

The rainfall intensities, measured rainfall amounts and
calculated kinetic energies relationship at Ahmadu Bello
University farm, Samaru, Zaria did not show any unusual pattern
from what is already known and from the established facts cited
in the literature by Greenland and Lal, (1979).

The scils of the study site have been studied in the field

and laboratory and have been characterized and classified using

the U.S.D.A. Scoil Taxonomy (1990} and Food and Agricultural
Organization, (FAO) and United Nationa Educational Scientific
and Cultural Organization (UNESCC), (1989) systems of s=soil

classification as given by Aremu, (1980).

4.2 Phygical and Chemical Properties of the Experimental Plots

Table 4.1 gives the physical properties of the soil
measured from the experimental plots while Tableg 4.2 and 4.3
give the chemical properties for the 1995 and 1%%6 rainy
seasons, respectively.

The Bulk Density {(B.D.) of the soils in the experimental
plots of study (Table 4.1) appear to be generally high, it
ranged from 1.27 - 1.45 g/cm’. The high values were obtained
for bare soil as well as cultivated soil which does indicate
that the presence of organic matter was low and that the macro

porosity would be expected to be low hence the soil would



(MoAdn}) (108 P3YRALI(RY = {105 *3iM)
_ 1105 pajeyabag = (105 *Gup
§ISeq Adp 4o uaIRII{EjuL 1B {105 ag} )0 JUR)uE) BiN)SL0H = [h]
AT
52 z :
I T B
Y B 008 Wl we Wy s 1505 8Sr sog A T - R 2
A\ 0y %= Wy
. =) W QR R
RS 5 UEUI R B N IR 4 T ) Ly ®t O wt - s
113 N P -7
R s 3
M MR gR T
REW OO0 S W RS T S WS sog 87 R T A A
fuo/b
8 mn&m
L0 oS 11§ pog  qleg 0§ pes g g Aysusp Bpgye g (18 oS (2
Ry cBehamg W) hen g 'Wm Bey eig ARG Auswp cumy B W gl g
(4'¢) (g8}
(Ju/u8) voryeayyiut {%) Fyisodog pafj(g 2y

(4'8) (%) Ayisnsed (B30 WESIY {WISHG {0°9) Avisueg King

L1105 547 JO S8130001g [891SAUd  :1°p aiqe),



{#01d04)

73

S . {108
0008 - ae T LA Wy AWt 3 w0 ®w'e -9 pajeatiind
R - o 110§
el W 08D T 1801 e we TS B -0 pejeyabah )
_ _ = . (abeJsne)
we - B9 ga v 6 Wl 18'6 12 Wy oo : (-0 ugarmg €Y -
e ———— ; ||II.|.I.I-III!I.I.!IIII
b QS HE gVt M byjb fifd
U0 LOLIEINES : [SYLIR U I B ® 4 [ .
856 wl sigestieyond suoLye] 3{qeedueyeal gAMoL B 1uebin gt C{uo) yidE 1014
T Ay J0 Sariiedelg (Bl i Lt
e —
) K054 1210
80'R §'E I AR VAR 12 oo ®n @we 0T - L't -0 POYEALIAA §
@il B5'e R AR S L A A A 1Y) ar wry o -0 payeyabep 3
AR : we 180 oo 8 Wl 107 oy o WY ” -0 yesaeg R
83 gg o W W weoogow o il A | 0g'e gy o -0 og Ry ¥
i umum +m.E ++= mé__mw ux__.m
4o UoLjens oy w3 BB d A

e R #|0eeburydil suoL1e) 914eadueyy L QBLLDAY |BOL - uoquey JuEbig g2 il {83) 1&g Ced




74

permit high volumés of runoff, The total porosity of the soils
ranged from 45.3 to 50.6%. This indicates that the soils were
poorly structured. The air-filled porosity (43 - 44%} were
generally high and this alsc would mean that the soils have a
high capacity for conducting scil water and foxr gaseous

exchange. |
Moisture content {(Qw) of the soils under study wéfe not
significantly different at the 95% probability level. This
implies that within the period of study, the soil was expected
to retain soil moisture at about the same level. It would be
expected that the same initial moisture conditions would
prevail throughout the measurement period. The infiltration
rates varied from 62 to 65 mm/hr for bare soil, 12 to 13 mm/hr
for the soil covered by vegetation and 40 to 43 mm/hr for the
cultivated soil for the three years of study. Low infiltration
rate was recorded on vegetation soil because the solil has been
subjected to foot path over the years thereby compacting the

soil and with clay locamy soil underlay.
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4.3 Measured and computed Rainfall Parameters

Tables 4.4, 4.5 and 4.6 give the measured and computed
parameters for each rainfall event in 1993, 1995 and 1996,
regpectively. Figure 4.1 shows the regression curve between
intensity of rainfall (mm/hr) and rainfall amount with a
correlation coefficient r of 0.87 while Fig 4.2 shows the
regression curve between kinetic energy {J/m’/mm) and rainfall
amount Ra {mm) with a correlation coefficient r of 0.96.
Similarly, Fig <¢.3 shows the relationship between soil
detachment (g/wm’} and Kkinetic energy of rainfall with a
correlation coefficient r of 0.44 while Fig 4.4 shows how soil
loss (kg/m?) varies with the kinetic enexrgy (J/m?/mm).The
correlation coefficient r was obtained as 0.64.

Considering rainfall characteristics in Samaru area, the
monthly mean rainfall amounts, during the period of study for
July was 1lémm, August, 17mm, September, 13mm and October,llmm
which attained the 10 to 14 mm/hr erosive rainfall intensity
threshold 1limit when their kinetic energies and rainfall
intensities were evaluated {Adewumi and Morgan, 1997). This
implies that the rainfall events would have been erosive
especially for the months of July and August if the soil was
bare.

The relationship between rainfall intensity {(mm/hr) and
rainfall amount (mm) was established as presented in Fig 4.1.
The variation between kinetic energy of raindrop with rainfall

amount was also established ag presented in Fig 4.2. From Fig
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4.1, it is observed that the relationship betﬁeén fainfall
intensgity and rainfall amount was a power function of rainfall
amount Ra.The expression was found to be, II= 21.4*Ra’®, This
relationship is given it Bg. 4.3 with a correlation coefficient
r = 0.87. This is true for most part of the measured period
where the rains were characterized by heavy and destructive
gtorms particularly in 19%6. In some instances with short
duration. Generally, the relationship could hold for 90% of the
rainfall period in Samaru (Oladipo, 1985). Similarly, increase
in rainfall amocunt gives a corresponding increase in kinetic
" energy as shown in PFig 4.2. The increase 1in rainfall
amount /kinetic energy continues to a point after which the
increase in rainfall amount does not yield any corresponding
increase in kinetic energy. This is due to the fact that the
soll moisture must have reached a saturation level with ponding
on the soil surface as rain continues to fall. The resultant
effect is that the enexrgy of raindrop impact can no longer
affect soil detachment as ponding would have absorbed all the
energy of impact. Thus, the kinetic energy tends to be constant
with the increase in rainfall amcunt. The threshold wvalues
observed in this gtudy are consistently different from one year
to another. This clearly indicates that rainfall patterns also
vary with their corresponding impact energy. Therefore, thé
soil loss that would be experienced with the impact energy of
rainfall under these phenomena as explained above will also

vary from one rainstorm to another and from one year to another.
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The amount of soil detached and the subsgequent soil loss
were cowmpared with the kinetic energy of the rainfall that
dislodged the scoil particles. The values of the kinetic energy
from Eg.4.1 was correlated with soil detachment obtained from
the plot and from the method described above (see section
3.6.4). It was found that there was a poor correlation
(r = 0.44) between the soil detached and the Kinetic Energy
calculated from the method employed by Kowal and Kassam (1976)
{see Fig.4.3). The relationship as discussed above can be

expressed by a second degree polynomial as:

DET = 3.46 + 0.006KE + 0.0D0S5KE* T (aa1)
Where: L

DET = Soil detachment (g/ﬁﬂ

KE = Kineti¢ Energy of rain drop {(J/m*/mm)

Equation 4.1 does suggest that rainfall and/or raindrop does
not follow a particular pattern with respect to soil
detachment, and that the energy of raindrop to soil detachment
was poorly correlated. Such observation was also made by Morgan
(1982) for bare ground with sandy lcocam so0il in Bedfordshire,
England, in the United Kingdom. Splash detachment was shown not
to be a simple response to raindrop impact as is Ireguently
assumed in laboratory simulations of the process. The
interracting effect of size of raindrop, surface crusting and
Kinetic energy must also be considered. When monitoring splash
erogion in the field, it is difficult to iscolate adequately the

effect of the variousg controlling factors and the wvolume of



data needed to be collected over a time period of months or

- longer in order to obtain measurable quantities of soil that
could possibly be said to be reliable. In fact, no satisfactory
system of the field me surement of splash erosion has been
obtained. Similarly, th. corresponding soil Jloss will also be
affected, that is, the 30il loss cannot be said to follow a
particular pattern, inspite of the fact that the correlation
coefficient is higher than that for soil detachment expression
with an r value of 0.64 (Fig. 4.4). The regression equation
obtained for soil loss and kinetic energy was:

S.L. = 0.007 - 0.00081*K.E. + 0.000056*K.E.~ {4.2)
We cannot therefore estimate soil detachment and soil loss
using Egs 4.1 and 4.2 since the kinetic energy equation of
rainfall does not follow a particular pattern. The kinetic
energy equation of Kowal and Kassam developed for Samaru was
not sensitive to Samaru rainfall Qhen compared with othex
kinetic energy equations {(Adewumi and Moxrgan, 1997). The
reasons advanced £for the relationship established between
kinetic energy (J/m?®/mm}, rainfall amount (mm), rainfall
intensity {mwm/hr), soil detachment (g/m?) and soil loss (kg/w?)
{(Figs.4.2 and 4.3) having 1logarithmic and polynomial
relationships do not follow the same explanations with the
relationship between intensity and rainfall amount (Fig.4.1}.

From Figs 4.3 and 4.4, it is observed that seoil detachment
and soil loss versus kinetic energy follow a second degree

polynomial. This was so, because, the impact of kinetic energy
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on the soil surface hreaks down the s0il aggregate and because
of the low organic carbon present (Tables 4.2 and 4.3), produce
a corresponding increase in soll detachment and high soil loss
{Tables 4.4, 4.5 and 4.6). This trend was also noted by Ekwue
and Ohu (1990} . | o

o Ingpite of the anomalies cobserved above the relationship
established in this study between rainfall intensity and amount
(Fig 4.1} will hold for Samaru-Zaria environment. The

relationship is presented in Eq. 4.3:

I = 2.14.Ra"® ' e (4.3)
Where:

I Rainfall Intensity {mm/hr)

[

Ra Rainfall Amount per storm {(mm)

The kinetic energy versus rainfall amount relationship
established in this study (Fig.4.2) is:

K.E. = 14.38.1n.Ra - 10.43 - fa':_ - (4.4)
Where: ‘ B

K.E.

Kinetic Energy of the rainstorm (J/m?/mm)
Ra - = Total Rainfall Amount per rainstorm (mm)
Equation 4.4 has a correlation coefficient, r = 0.96 and can be

used for Samaru - Zaria environment.
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4.4 Measured and predicted Soil detachment (g/m?),

and Soil Loss (kg/m’).

Tables 4.7, 4.8 and 4.9 show the comparison of measured
soil loss with those predicted from model 1 on a storm by storm
basis for 1993, 1995 and 1996, respectively, while Tables 4.10,
4.11 and 4.12 show the summary of measured and computed
rainfall parameters on a monthly basis for 1993, 1995 and 1996
rainfall season, respectively. Table 4.13 shows the comparison
between the measured value of soil 1loss (kg/m?) and the
predicted values for both models 1 and 2 without incorporating
soil detachment (g/m?) on a monthly basis. Similarly, Table
4.14 shows the same comparison between the measured value
(measured soil loss + soil detachment) (kg/m?) and the
predicted values for both models 1 and 2. The reasons for
producing Table 4.14 1is to show the importance of soil
detachment in soil loss studies.

Figures 4.5 to 4.10 show the comparison on monthly basis
the maximum soil loss between the measured and the predicted
for models 1 and 2 for 1993, 1995 and 1996 for both bare and
vegetative soil. Figures 4.11 and 4.12 show the linear
relationship between measured soil loss per month and the
predicted soil 1loss for bare soil for models 1 and 2,
regspectively while Figs 4.13 and 4.14 show the 1linear
relationship between measured soil loss per month and the
predicted soil loss for vegetated soil for models 1 and 2,

regspectively.
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Table 4.7: Comparison of Measured Soil Loss with Predicted
Model 1 Soil Loss (kg/m’) Storm by Storm Event
(1993)
Date Measured Soil Loss  Predicted Soil Loss  Measured Soil Loss Predicted Soil Loss
(Kg/al)  (Bare  (kg/a’) Model 1 (kg/a?) (kg/a?) Hodel 1
Soil) (Bare Soil) (Veg. Soil) (Veq. Soil)
10/7/93 0.07 0.074 0.05 0.06
19/7/93 0.38 0.396 0.09 0.10
20/7/93 0.26 0.262 0.072 0.09
21/7)93 0.00 0.00017 0.00 0.0083
3/8/93 0.07 0.085 0.051 0.061
8/8/93 0.16 0.174 0.067 0.074
12/8/93 0.17 0.17 0.07 0.085
18/8/93 0.24 0.26 0.07 0.088
21/8/93 0.28 0.298 0.081 0.092
1/9/93 0.27 0.31 0.09 0.092
6/9/93 0.26 0.30 0.08 0.087
8/9/93 0.00 0.00 0.00 0.00
10/9/93 0.38 0.44 0.105 0.103
17/9/93 0.00 0. 00008 0.006 0.006
20/9/93 0.02 0,025 0.033 0.03
23/9/93 0.00 0.00 0.00 0.00
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Table 4.8: Com ison of Me ed Soil loss wi
el 1 Soil S to Event

(1995)
Date Measured Predicted Measured Predicted

Soil Loss Soil Loss Soil Loss Soil Loss

(Kg/m*) (kg/m*) (kg/m*) (kg/m*) Model

(Bare So0il) Mcodel 1 (Veg. Soil) 1

(Bare Soil) (Veg. Soil)

5/7/95 0.002 0.0024 0.013 0.018
17/7/95 0.085 0.104 0.06 0.069
19/7/95 0.00 0.00 0.00 0.00
20/7/95 0.09 0.10 0.064 0.067
23/7/95 0.004 0.0004 0.036 0.037
27/7/95 0.21 0.203 0.09 0.094
30/7/95 0.14 0.18 0.068 0.089
3/8/95 0.17 0.19 0.09 0.09
14/8/95 0.19 0.19 0.083 0.097
10/8/95 0.02 0.03 0.035 0.04
18/8/95 0.10 0.104 0.066 0.068
24/8/95 0.09 0.104 0.055 0.069
26/8/95 0.002 0.003 0.014 0.018
28/8/95 0.01 0.012 0.024 0.029
7/09/95 0.00 0.00 0.00 0.00
12/9/95 0.00 0.00 0.00 0.00
15/9/95 0.07 0.094 0.04 0D.044
16/9/95 0.18 0,491 0.10 0.103
23/9/95 0.00 0.00 0.00 0.00
24/9/95 0.08 0.092 0.048 0.054
28/9/95 0.12 0.13 0.07 0.070
5/10/95 0.16 0.20 0.08 0.09
8/10/95 0.20 0.21 0.09 ‘0.096
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Table 4.9: Comparison of Measured Soil Loss with Predicted

Model 1 Soil Loss (kg/m2) Storm by Storm Event
996
Date Measured Predicted Measured Predicted
Soil Loss Soil Loss Scoil Loss Soil Loss
(Kg/m?) (kg/m?) (kg/m*) (kg/m?) Model
(Bare Soil) Model 1 (Veg. Soil) 1
(Bare Soil) (Veg. Soil)
4/7/96 0.06 0.07 0.05 0.057
7/7/96 0.04 0.04 0.043 0.043
14/7/96 0.05 0.07 0.048 0.057
16/7/96 0.025 0.03 0.035 0.038
19/7/96 0.17 0.19 0.00 0.00
20/7/96 0.17 0.17 0.09 0.095
24/7/96 0.12 0.15 0.078 0.084
25/7/96 0.16 0.17 0.075 0.095
1/8/96 0.00 0.00 0.00 0.00
3/8/96 0.14 0.15 0.00 0.00
9/8/96 0.15 0.15 0.054 0.059
14/8/96 0.005 0.00865 0.00 0.00
16/8/96 0.13 0.16 0.082 0.086
17/8/96 0.18 0.19 0.09 0.09
20/8/96 0.03 0.03 0.04 0.041
24/8/96 0.05 0.05 0.038 0.047
26/8/96 0.00 0.00 0.00 0.00
30/8/96 0.02 0.02 0.00 0.00
31/8/96 0.001 0.002 0.00 0.00
1/9/96 0.08 0.10 0.05 0.066
2/9/96 0.04 0.05 0.04 0.047
4/9/96 0.12 0.13 0.07 0.078
7/9/96 0.19 0.20 0.08 0.099
9/9/96 0.06 0.06 0.049 0.052
14/9/96 0.21 0.24 0.10 0.110
15/9/96 0.00 0.00 0.00 0.00
16/9/96 0.00 0.00 0.00 0.00
18/9/96 0.025 0.03 0.00 0.00
23/9/96 0.00 0.00 0.00 0.00
25/9/96 0.11 0.13 0.06 0.072
2/10/96 0.08 0.083 0.00 0.00
4/10/96 0.03 0.031 0.03 0.039
5/10/96 0.05 0.05 0.04 0.044
7/10/96 0.157 0.163 0.075 0.077
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DISCUSSION

It was observed that an average of 0.62 kg/m* per month
wasg recorded as soil detachment in 1993, 0.64 kg/m? in 1995 and
0.73 kg/m? per month in 1296 for bare soil on a natural slope
of 0.058 w/m (5.8%). lor Lhe vegeltative plobt, an average of
0.073 kg/m* per month was recorded in 1993, 0.15 kg/m® per month
in 1995 and 0.14 kg/m® per wonth in 1996. For cultivated soil,
an average of 0.36 kg/m* per month was recorded as soil
detachment in 1993, 0.43 kg/m® per month in 1995 and 0.30 kg/m?
per month in 1996. This gives an annual rate of soil detachment
as 0.66 kg/m*/year for bare soil, 0.12 kg/m*/yr for vegetative
soil and 0.36 kg/w?/yr for the cultivated scil. In Mid-
Bedfordshire, England, United Kingdom, Morgan {(1982) recorded
between 239.0 to 36.5 kg/m?/yr for bare sandy soil in winter
with a slope of 14% and for the same soil type, 22.6 kg/w’/yr
for a portion under vegetation for 3 months measurement period.
The results obtained by Morgan (15982) is however different from
what has been obtained in Samaru - Zaria on sandy lcam soil
during the rainy season on a slope of 5.8% for bare and 6.6%
for the vegetative so0il.The difference between Samaru’s and
Morgan’'s (1982) result can be attributed to the slope and soil
type. The result is, however, comparable to 2.0 to 8.3 kg/m2 on
bare so0il obtained by Bolline (1978) on Brussels sand in
Belgium for a 4-month period and 0.023 kg/m?* for one season

recorded by Leow and Ologe {(1981) on a vegetated soil.
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Similarly, an average of 0.92 kg/m’ per month of soil loss
was recorded in 1993, on bare soil plot, 0.30 kg/m’ per month
for vegetative soil plot and 0.05 kg/m® for cultivated soil. In
1995, an average soil loss of 0.54 kg/m? per month was
recorded for bare soil plot, 0.30 kg/m?® for the vegetated soil
and 0.048 kg/m? for cultivated scil. In 1996, 0.74 kg/m* per
month was recorded as an average soil loss on bare soil plot,
0.34 kg/m* for vegetated soil and 0.059 kg/m* for cultivated
soil.

From Table 4.14, a mean erosion rate of 2.62 kg/m/yr was
measured for bare soil on 5.8% glope, 1.15 kg/m?/yr was
recorded as a mean erosion rate for vegetation plot on 6.6%
slope. The value of 2.62 kg/m?/yr is, however, comparable with
3.46 kg/m*/yr obtained by Ologe. et.al. (1982) on a fine sand
soils for Zaria area without reference to the glope; and Roosge
(1977} in Sefa Senegal having similar c¢limate and soil
charateristics to that experienced in Samaru gave a mean
erosion rate as 2.3 kg/m?*/yr on 2.0% slope of 1land. The
relatively high wvalues recorded according to their reports
indicate a rough terrain on which soil wash may be expected to
be relatively high. In a separate study Leow and Ologe (1981),
found that from a vegetated plot site, 0.023 kg/m’ of soil wash
was recorded for one year of study. This value is, however, not
comparable to an annual average of 1.15 kg/m*/yr obtained for

this study on vegetated soil.
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The so0il loss estimated using Models 1 and 2 were
relatively higher than the measured scil loss for most of the
three years studied. It was however discovered that when soil
detachment component was added to measured soil loss, predicted
s01il loss from Model 1 is almost the same with the measured
value. Consequently, a curve fitting technique was used to
obtain a linear relationship between the measured soil loss and
the predicted.

Several factors may account £for reasons why Model 2
predicted higher values than the measured values for both bare
and vegetative soils and why Model 1 predicted close to the
measured value. European Scoil Erosion Model (EURQOSEM) refered
to as Model 1, was developed in European countries where the
climate and soil vegetal cover are guite different from the
tropical Guinea Savanna zone of Nigeria. Although the European
c¢limate and vegetal cover are gquite different from those of the
Guinea Savanna zone of Nigeria, the annual rainfall is confined
to the months o©of April to October with rainfall sometimes
similar to the convective tropical thunderstorms of high
intensity and also of relatively short duration. The average
monthly distribution of ercosive rains is also comparable to
that experienced in the middle belt zone of Nigeria (Aiyepeku,
1992) . However, the type of vegetation and its distribution is
different from what is obtainable in the Samaru-Zaria area. It
is expected therefore, that the development of Model 1 must

have taken into consgideration the weather situation in those
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countries even though it is recommended that it should be tried
elsewhere.

Water Erosion Prediction Project (WEPP), {Model 2), was
developed in the United States of America after the Universal
Soil Loss Equation (USLE) from the crop land east of the Rocky
Mountaing. The‘rainfall recoxrd in the crop land east of the
Rocky Mountains of the United States of America where the
energy equaticn, an important  component of the model was
developed was quite high. Therefore, a high amount of rainfall
was expected to be used in the programme. The WEPP can estimate
soil loss on an annual basis, cummulative five-year basis,
monthly basis and on storm by storm basis. One can see why it
requires subtantial amount of rainfall before it can generate
runoff. The feollowing reasons account for why Model 2 cannot
predict close to the measured value.

1. The threshold wvalue for ﬁhis model was set for »
25mm of rainfall. In other words, it follows Hudson
findings in Southern Rhodesia that erosion will not
occur for rainfall less or equal to 25mm. That is,
rainfall of small amount even with high intensity
will not produce any measurable socil loss. Also, it
was found that wmost of the daily rainfall amounts
did not meet the criterion for erosion generation.
Consequently, the rainfall amount were summed up for
each month and then used to generate soil loss.

Thus, it 1is obviocus that the predicted soil loss
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cannot be close to the measured socil loss. It
therefore follows that Model 2 will not predict soil
loss close to measured value if the rainfall is less
than 25mm even if the infiltration wvalue is low.
Secondly, since, bare soil is more wvulnerable to
rain drop impact than the covered soil, the

cummulative effect of soil loss estimated by Model 2

" will be gquite high as can be seen in Table 4.14.;

Model 2 incoporates the effects o©of tillage
implements on the soil properties and residue
amounts. This is a vital aspect of farm operations
that will affect the computation of soil loss in the
WEPP programme, It will also contribute to the total
soil loss estimation. The s0il under study is,
however, left fallow; and

From 19922 to date, the amount of rainfall recorded
from Institute for Agricultural Research, Ahmadu
Bello University, Zaria, has drastically reduced as
compared to the previous yvears. This again may be
attributed to the desert encroachment or
desertification currently  experienced in the
northern part of Nigeria. The compounded problem of
low rainfall and the effect of desertification in
Northern Guinea Savanna of Nigeria further supports

why Model 2 cannot predict close to measured value

because of low rainfall amount generally recorded on
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a storm by storm basis as compared to the United
States ©of America where a single storm can be as
high as 200mm or more.

For the purpose of comparison, between measured values and

those from Models 1 and 2 under investigation using data in

Tables 4.13 and 4.14, it is to be noted that only the data for

bare soil and vegetative soll were used, because:

(1)

(2)
(3)

The natural slope of 0.83% for the cultivated soil plot
cannot give any measurable amount of soil loss for both
Models 1 and 2.

Model 1 has no input provision for cultivated soil.
Another reason that resuited into formation of Tables 4.13
and 4.14 on monthly basis is that the Model 2 cannot
predict erosion for rainfall amount below 25mm even if the
infiltration rate of the soil is low hence the reason for
the summation of rainfall amouﬁt on monthly basis for ease
of compariscn. For example, in Table 4.15, single rainfall
events > 25mm were extracted from Tables 4.4, 4.5 and 4.6
for 1993, 1995 and 1996 rainfall season, respectively.

The observed soil loss were compared with predicted values

of Models 1 and 2 for both bare and vegetated soil plots. It

was observed that for all the rainfall event » 25mm recorded,

Model 1 was able to predict soil Joss for both bare and

vegetated soil. Model 1 could not predict seil loss despite the

fact that the single rainfall event was more than 25mm but was

limited by infiltration rate of the soil. Model 2 denotes "no
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rainfall excess" where the infiltration rate was higher than
the rainfall amount in the case of bare soil and computes zerco
s0il loss where the infiltration was less than the rainfall
amount . The reason behind erratic behaviour of Model 2 at this
stage can be linked with Horton (1945) who explained that if
rainfall intensity 1s less than the infiltration capacity of
the scil, no surface runoff would occur and the infiltration
rate equals the rainfall intensity. If the rainfall intensity
exceeds the infiltration capacity the excess rainfall will form
surface runoff. However, this comparison of rainfall intensity
and infiltration capacity does not always hold (Morgan, 1986).
The selected rainfall amount as indicated in Table 4.15
indicates that_Model 1 produced soil loss as was obtained from
field measurements. This is contrary to Model 2 which works on
the Horton’'s theory. The fact is that the important control for
runoff production on these soils is not infiltration capacity
but a limiting soil moisture content which, when exceeded,
regults in a reduction of the pore water pressure at the soil
surface to zero, allowing ponding of water to take place
{(Morgan, 1986). This explains why sands, which have low levels
of capillary storage produce runocff very quickly even though
their infiltration capacity are not exceeded by the rainfall

intensity.
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Table 4.15: Selected rainfall amount for soil loss comparison

Date and Year Ra {mm) Infiltration Rate Ohserved Soil Model 1 Model 2
{mm/hir) Lose (kg/m2) 20il loss Seil loss
{kg/m2) {kg/m2}
at steady state Bare veg bare veg bare veg
18/8/92 7.7 61.5 0.24 0.26 -
13.0 6,07 0.088 6.0
17/7/55 30.5 65.0 0.085 0.104 -
12.0 0.08 0.069 0.9
24/8/95 3z.8 65.0 0.09 0.104 -
12.0 0.055 0.068 0.0
l14/8/96 55.0 63,0 0.21 0.24 -
12.5 0.10 0.114¢ 0.0
12.5 0.92
25.00 12.5
The Sign "-" denotes no rainfall excess to generate runoff

Graphs of predicted soil loss against measured soil loss

for the bare goil for the three years of study 1993,

1995 and

1996 for Models 1 and 2 were plotted (Figs 4.11 and 4.12). In

the same manner, graphs of predicted soil loss (kg/m®) against

measured soil loss

(kg/m?)

were plotted for vegetated soil

using Models 1 and 2 for the three years namely, 1993, 1595 and

1996 (Figs 4.13 & 4.14).

Four

namely: -

regression equations were

finally arrived at,
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BARE SOIL
(L) ¥ = - 0.028 + 1.03X 4.5
from Model 1 having an r value of 0.98
{2} Y = - 3.45 + 10.64X 4.6
from Model 2 having an r value of (.45
where:

Y

i

Predicted soil loss (kg/m®)

X Measured soil loss (Kg/m?)

VEGETATED S0IL

(1) Y= - 0.009 + 1.10X . 4.7
from Model 1 having r value of 0.97 and

(2) ¥ = - 5.42 + 36.5X% 4.8
from Model 2 having an r value of 0.12

where:

#

Y Predicted soil loss (kg/m®)

X Measured scil loss (kg/m?)

1

4.5 Resultg validation

In order to validate the use of the model recommended in
this study, an attempt was made by comparing the predictions
made by the model with the observed data that is, field
observations and applying least - squares estimators or some
measure of goodness of fit to determine whether or not a close
relationship exists between predicted and observed values. In
other words, a statistical test is employed to determine
whether the regression equations (4.5 and 4.8) have intercepts

and slopes that are significantly different from zero and 1.0,
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respectively.

Thus, BEgs. 4.5 and 4.7 both from Model 1 were found to
have intercepts and slopes that were not significantly
different from zero and 1.0, respectively at 95% probability
level. Equations 4.5 and 4.7 for estimating soil loss (kg/m2)
under bare and vegetated solils, respectively is recommended for

use for the Northern Guinea Savanna conditions.

4.6 Inferences from discussion of results

(1} At the end of three rainny seasons, observation of
the experimental site and the analysis of measured
data, showed a considerable general lowering and
flattening of the landscape in the drainage basin
towards the direction of the Dam.

(2} For the vegetated soil plpt, Net/Maximum deposition
was recorded in the middle and small areas of the
experimental plot, indicating the importance of
processes of soil loss. Applying these processes of
s0il loss to a fairly large area means that the
deposition spot experienced for a smaller area could
be surrounded by a fairly extensive area in which no
measurable changes appear to have taken place during
the study period.

{3) Therefore, from 2 above, the study underscores the

importance of vegetation cover in the procesg of

erosion. A vegetation cover also enhances
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infiltration of rainwater and so reduces the surface

runoff and the rate of soil wash.
{(4) This study is relevant in the fight against

desertification in the Northern Guinea Savanna Zone.
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CHAPTER 5

5.0 SUMMARY AND CONCLUSIONS

5.1 Summary

The possibility of establishing an equation for estimating
soil loss in Samaru - Zaria environment was investigated using
measured values and two erosion computer models. Three
experimental plots were established namely: bare soil,
vegetated soil and cultivated soil to measure soil detachment,
soil loss and runoff on a storm by storm basis the at Ahmadu
Bello University farm in Shika - Samaru . In addition to
physical and chemical properties of the soil, some other
parameters as required by each model were measured during the
3 years of study.

Soil detachment losses were measured by collecting all
splash losses in a 25mm x 31lmm hollow rectangular plastic
container buried in the soil in a grid pattern to catch soil
splash at a maximum of 1.0m radius. Similarly, both runoff and
soil loss were also collected inside a drum buried at the end
of each plot. The measured and predicted soil loss values
relationship from the 3 years of study for Model 1 (EUROSEM)
are linear, normal and somehow ramarkably similar for bare and
vegetated soils. The ‘t’ tests performed on the adopted
regression equations from measured values on bare and vegetated
soil shows that both the intercepts and slopes of the equations

are not significantly different from the predicted values at
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the 95 percent confidence level.

Analysis and compariscn of the results indicate high rates
of so0il detachment of 0.66 kg/m’ per year for bare soil, 0.12
kg/m2 for vegetated soil and 0.36 kg/m2 for the cultivated
goil. An average of 0.73 kg/m2 of soil loss was obtained
annually for bare soil, 0.312 kg/m2 for vegetated soil and 0.09
kg/m2 for the cultivated soil. A mean erosion rate of 2.62
kg/m2/yr was measured for bare so0il on 5.8% slope while 1.15
kg/m2/yr was recorded as mean erosion rate for vegetated plot
on 6.6% slope.

Slight over prediction of tested model was experienced.
However, the Buropean Soil Erosion Model (EUROSEM) is
recommended for erosion prediction for bare and vegetated soil
condition in Samaru - Zaria environment, while the Water
Erosion Prediction Project Model {(WEPP) (Model 2) is
recommended for further experimentation in the southern part of
Nigeria where substantial amount of rainfall per single storm
normally occurs which can be comparable to the United States of
America where the model was developed. The study concludes with
emphasis on using a soil conservation planning guide of 2.7
kg/m2/yr erosion rate in Samaru - 2Zaria, Northern Guinéa

Savanna zone of Nigeria.
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5.2 Congclusions

Modern concepts in agriculture make it imperative that the
farming system in Nigeria must meet high stardards of
performance. Among this is erosion control which is responsible
for high food production. These have been investigated in the
present study.

A study of erosion of the University farm reveals a close
relationship between rainfall, intensity, kinetic energy and
the severity of erosion and landuse on the one hand, and
measured value of erosion and the predicted value on the other.
The slope forms with their rapidly natural steepening convexity
and lengths of varied dimensions within the University farm are
typical of erodible areas within the Northern Guinea Savanna

zone of Nigeria.

(1} A soil detachment rate of 0.66 kg/m2/yr for bare soil on
5.8% slope was recorded as the average of three years
data; 0.12 kg/m2/yr on 6.6% slope for the vegetative soil
and 0.36 kg/m2/yr on 0.83% slope for the cultivated soil.
Similarly, an erosion rate of 2.62 kg/m2/yr on a 5.8%
slope for bare soil on sandy loamy soil was recorded, 1.15
kg/m2/yr for vegetation soil on 6.6% glope and 0.20
kg/m2/yr for the cultivated soil on 0.83% slope. These

results has been shown to be comparable to previous

regearchers.
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A relationship to estimate kinetic energy in J/m’/mm from
rainfall amount (mm) was established (Eq 4.2 with r value
of 0.96 and Fig.4.2). The accuracy involved in the use of
Model 1 was determined by using regression technique for
the predicted scil loss versus measured for both bare soil
and vegetated soil. The correlation coefficient was found
to be 0.983 and 0.986 regpectively. Thus, the European
Soil Erosion Model (EUROSEM) (Model 1) is recommended for
use in Zaria. It is also recommended that further work be
done on different soils in Nigeria, while Water Erosion
Prediction Project (WEPP) Model 2 is recommended £for
further work in the southern part of Nigeria where daily

rainfall amcunts are much higher.



122

Suggestiong for Further Work

The study has established the fact that scil detachment
and scil loss related to rainfall impact energy. The impact
energy of rainfall on the socil surface with or without
vegetation, is therefore, a potential tool for predicting soil
logss. In order to fully utilise this parameter for the purpose
of concluding which of the two models 1is best suited for
Nigeria‘s Guinea Savanna situation, the following suggestions
for further study are made:

(1) Investigation into the effect of different energy
equations used in programming the two models be
conducted. It was observed that the two models used
different energy equations for Model 1 and for Model
2, and there were no means of investigating into the
energy equations used in each model for comparison.
If this is done, there will be changes in the
outputs of the individual models.

(2) Elaborate field studies on the effect of different
slopes on soil loss using the two models be carried
out. This study may establish a relationship which
may be more practicable for soil loss prediction
because of obvious mnatural topcgraphy. All other
field parameters like, vegetation, soil type etc.,
may either affect erosivity, nature of rainfall or
infiltration but not the carrying capacity of runoff

of which slope is the dominant factor in estimating

¥
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so0il loss. When such an investigation is conducted,
a curvilinear relationship with some constants may
prevail. The suggested study is necessary if scil
congervation efforts in fighting desertification in
Northern Guinea Savanna are required for a long term
protection on our soil or if overall field results
is to ke applied in other areas.

It ia also suggested that a similax study be carried
out else where to further standadise the results of
erosion rates obtained in this study with a view to
generalising a soil conservation planning guide

recommended in this study.
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APPENDIX A

SAMPLE OF FIELD DATA SHEET

Slope of Plot A =
1 w -

” 0 -

" U -

Bare Soil (no vegetation)}

Bare Soil (no vegetation)

Vegetation Plot

Cultivated Plot (furrow)

A B Cc D
splas || wt. wt. wt, spla | wt. wt. wt. spla | wt. wt. wt. spla | wt. wi. wt,
h of of of sh of of of sh of of of sh of of of
trap can can dried { trap | can | can dried | trap | can can dried | trap | can can dried
+ + soil + + soil + + soil + + soil
wet oven wet | oven wet | oven wet oven
soil dried soil dried soil dried soil dried
soil soil soil soil
A1l B1 C1 D1
A2 B2 C2 D2
A3 B3 C3 D3
A4 B4 Cc4 D4
AS B5 C5 Db

Averaged soil
detached (g/m?

Runoff
volume (cm®)

Soil Loss
(kg/m?)
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APPENDIX B

C?y%gﬁgfion of Intensity mm/hr and Rainfall Amount from the rain gauge chart
or 19606

Date Incremental Cummulative Amount of Rain Intensity
Time (min) Time (min) Rain (mm) mm/hr
18/4/68 7.8 11.43 91.44
15 5.08 20.32
60 1.27 1. 20
135 217.5 3.81 1.69
25/4/68 3,75 3.75 0.33 5.28
24/4/68 15 3.81 15.24
127.5 0.635 0.23
7.5 150 1.27 10.16
23/4/68 60 1.27 1.27
101.25 3.81 2.26
45 206.25 0.635 0.847
22/4/68 15 15 3.175 12.70
20/4/68 82.5 0.635 0.462
150 232.5 1.905 0.03
19/4/68 18 30.32 81.28
30 45 1.905 3.81
13/4/68 90 90 1.905 1.27
29/5/68 15 15 15.24 60.96
28/5/68 90 90 1.27 0.847
27/5/68 82.5 82.5 2.54 1.85
26/5/68 15 8.89 35.56
30 0.423 0.846
75 120 5.715 4.572
25/5/68 30 30 1.905 3.81
22/5/68 60 60 1.905 1.905
21/5/68 145 0.635 5.08
11.25 1.905 10.16
18.75 0.635 2,032
82.50 120 5.08 3.70
19/5/68 30 20.32 40.64
75 8.89 7.11
120 225 1.905 0.95
17/5/68 30 30 19.05 38.10
15/5/68 2.5 20.32 54.19
18.75 4,445 14.22
26.25 1.27 2.903
168.75 236.25 2.54 0.903
11/5/68 15 15 15.24 60.96
9/5/68 30 30 1.905 3.81
29/6/68 15 5.08 20.32
22.5 2.22 5.92
120 167.5 4,445 2.22
27/6/68 30 6.35 1247
45 4 445 5:93
120 195 3.175 1.59
24/6/68 180 180 10.16 3.39
18/6/68 225 11.43 30.48
375 3.81 6.096
75 3.81 3.048
75 210 2.54 2.032
13/6/68 22.5 5.08 13.55
22.5 1.905 5.08
97.5 4.76 2.93

190 2R | K.715 2.86



9/6/68
4/6/68

24/7/68

22/7/68
18/7/68

15/7/68

14/7/68

10/7/68

5/7/68

4/7/68

3/7/68

1/7/68

420

202.5

465

112.5

270

31/8/68
30/7/68

29/8/68
25/8/68
23/8/68

22/8/68

19/8/68

18/8/68
17/8/68
16/8/68

150

303.75

225
60
90

29

n






