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ABSTRACT

Rainsplash erosion measurements were undertaken on five land use surfaces and
the results related to known parameters of rainfall such as tctal amount, peak intensity,
total mtensity, total kinetic energy, the EI, Al | Al| KE > 25 and antecedent precipita-
tion (AP1) indexes. Splash was measured using Morban s splash cups while the rainfall
parameters were computed from rainfall charts of a self-recording rain gauge. The study
gives insight to the process of splash erosion and the rainfall parameters that influence
detachability in the humid tropics. For instance, the result reveals that splash erosion takes
place on all land use surfaces in the study area whether vegetated to the level of the natural
forest or completely bare. Five models relating splash with the rainfall parameters were
obtained. The models show that the rainfall parameters of peak intensity (PI), total ranfall
amount (Ri*M), the B, Total rainfall intensity (TN'T) and the Al | were the significant
rainfall factors affecting splash erosion in the study arca. However, the most significant
rainfall factor was the Al index. The result generally points to the obvious role of
ramfall intensity and/or their combination (amount and intensity) on splash detachment in
the humid tropical envitonment.

1.0 INTRODUCTION

Raindrops onimpact dislodge soil particles at rest. Faxlm‘_z raindrops breakdown the
soil surface layer by expending or dissipating their energy on the soil mass thereby detach-
ing the soil particles from the mass. The detached particles are splashed in all directions.
On the vegetated surfaces of the humid tropics, only raindrops that can penetrate the
vegetation canopy cause splash erosion,

1t is therefore through the process of splash detachment that transportablc frag-
ments of soil materials are made available for run-oft or sheet erosion. In other words, the
disintegration and separation of scil particles by splash-action is a pre-condition to the
transportation of soilparticles or their entrainiment by flowing water. hence, soil detachment by
impacting raindrops remain the first and initial phase of the well-known process of esesion
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by water (Farmer, 1973). Indeed, it is common knowledge that soil erosion involves the
twin processes of detachment and the removal of particles. Inorder to understand better
—the removal process via flowing water, we must also understand the splash sub-process.
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Unfortunately, the splash sub-process is usually mentioned only in passing in the
geomorphological study of erosion by water (Faniran and Jeje, 1983). And as Bredikhin
(1989) rightly pointed out, splash remains the least studied exogenous process. One
possible reason for the neglect of splash study is the contention that it is almost impossible
to separate it from flow erosion because both form phases of one continuous process

(Faniran & Jeje. 1982).

With reference to the splash controlling factors,  Morgan (1982) summarized them
in broad terms as rainfall ,wind, soil, slope and plant cover The rainfall variablcs (crosivity
narameters) have so far received the sicatest attention in the iterature and vet it has been
pootly analyzed with respect 1o splash erosion especially in the humid iropics where vain-
tall s characteristically hislun intensity and enery. This study isthercfors aimedd &t iden-

e

tifying, the parameters of rainfall which control splash erosion ina humid tropicat sotting,

L LITERATURE REVIEW AND CONCEPTHAS FRAMEWORK
Baoth laboratory and field experiments have tevealed certain rainfall fictorz or na-

suecters that are crucial to eplash coasionin the hnmid tinpics Thoee prrametors are
sntall intensity, omentinn, velacsidy, drop size and kinetie sorrgy Allthese tactar: have
been found to corretate positively with the volume of splashed matedals (Hhad=on 1965

Huabenzer and Jones, 1971 Van Asgh Rocls, 1979 Ghadui and Payine 1988) Hose (10600
for instance has shown that detachiment by raindrop was closely related to momesiom per
unit arca. Bisal (1960) on the other hand, established detachment az being proportinnal 1o
the 1.4 power of drop velocity under simulated rainfall. Ekern (1951) indicated that splash
was proportional to Kinetic energy when the amount of applied water was constant

Intensity 1s another sigmificant characteristic of vainfall that affects splash detachment
This tact is acknowledged by many researchers such as Ellison (1944), Ekern (1950),
Bisal (1960) and Hudson (1965). However, Farmer and Van Haveren (1971) and also
Martinez et al (1979) demonstrated that raintill intensity did not influence mean weighted
splash distances. More recently, Govers (1991) equally proved that the relationship be-
tween splash detachment and especially high intensity rainfall leads to an over estimation of
splashed sediments. This was contingent on the discovery that the relationship between
splash and soil texture was most significant for low intensity rainfalls,

"The drop size of rain is also a major parameter of rainfall that is often studied with
respect to splash erosion most especially by agricultural engineers (Laws and Paison,
1941; Morgan, 1982, Osuji, 1989). Bisal (1960) had reported that there existed a linear
relationship between drop size and sand splash - Moldenheur (1965) also discovered a
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relationship between structural stability of the soil and a variety of drop sizes. Lal (1980)
-associated big drop sizes and high drop density with high intensity storms. Raindrop sizes
ave ofienrelated to velocity, intensity and kinctic cnergy of the rainfall. Laws (1940) using
the pepular flour-pellet method to determine drop sizes was the first to relate drop size to
Kinetic cnergy of rain. - Laws obscrved that 1200 per cent increase in erosion occuired;
when drop size was increased from T to Smm diameter. "He attributed the increase in;
erosion rate to the great Kinetic energy of the larger drops. Information on the drop sizc,
of natural tropical rain storms can be obtained from the ‘illldlcs of Aina, ct al (1976),.
Kowal and Kassam (1976). Lal (1979),, O‘}Ujl (1989), attributed the disparity in cnergy
values to the inadequate height of fall of simulated rainfall which did not permit the drops to
achieve a terminal velocity. Kinetic energy is simply the energy of motion which falling
raindrops transfer.to soil particles that they come in contact with. Free (1952) related .
splash detachment to the 0.9 power of Kinetic energy for sand and to the 1.46 power for
other soils. Bubenzer and Jones (1971) expressed splash as a function of kinetic energy in
the form: SS ==a(K.E.)), where 8$ is splash detachment, 2 and b are constants and K_Fi-
is the kinetic energy of the rain. A similar equation is also given by Poesen (1983) who
stated the relationship between weight of splashed materials (8) and kinetic energy (K~E)
as S = a(K.LL.)°. The coefficients (a) and (b) are similarly a function of material properties -
of the soil and to a lesser, degree of rainfall properties. The importance of the kinetic
«cnergy of rain in splash studics has been given wide recognition by Wilkinson (1975), Van
Asch and Epema (1983), Gilley and Finker (1958), to mentionbut a few. '

FHowever, most rescarchers do not consider the kinetic energy as a sufficient and an
all important detachability factor. Govers (1991), for example, stated that the usc of ki-
netic energy as an erosivity index leads to an underestimation of splash detachability during
high intensity rains. Kinnel (1982) in a similar mind observed that splash detachment in-
creased much morc rapidly increasing with drop size than with-kinctic energy or momen-
tum. Hetherefore, concluded that kinetic energy does not accurately predict rainfall de-
tachment. Daura (1995) in his review of the Jiterature on rainfall intensity in velation to
erosion by runoff, noted that the best predictors of runoftinclude the EL, KE > 25, Bl
and AL indices. "These patameters have been discussed in detail by l)ama (1995) and nwd
not ber opealed here.

Finally, the fact that humid tropical rains are expected to be highly erosive due to
their characteristic High intensity, high kinetic encigy load and larger drop sizes provided a
compelling reason for this siudy.

3.0 THESTUDY AREA
This study was carried out in experimental plots located within the University of
Ibadan campus. A total of 5 plots were utilized cach located on a different land use



surface. The land use surfaces selected for the study included:

i.  baresumface .

i.  teak plantation surface -
.  cropped surface

iv.  grasscovered surface and
v.  Natural Y¥orest Surface

The barg,cropped and grass covered surfaces were located at the University’s
climate station while the teak plantation and natural forest surfaces were sited in the bo-
tanical garden. The surfaces were located on gentle slopes of 4°C - 6°C. The cropped
surface was cultivated to.mixed crops, namely, maize, cassave aud okra.

.

4.0 METHODS

The data used in this study was obtained dncctly fromthe field. Smlq splashed by
cachrainfall event was measured using the Morgan’s splash cup (Morgan, 1982). Splashed
soils collected from cach experimental plot were oven dried in the laboratory at a tempera-
ture of 105°C for 24 hours. Rainfall was measured using a self-recording rain gauge. The
daily rainfall charis of the self-recording rain gauge were analysed for parameters suchas
rainfall amount, duration, intensity, kinetic energy ctc. The rainfall parameters of amount,
duration and intensity were read and computed divectly fiom therainfall (autograph) charts.
The Amount-Intensity product (Al ), the product of amount and 15 - minute Intensity
(Al,,) were calculated using Lal’s (1 9 76) approach. The Antecedent precipitation Index
(APT) was determined following Gregory & Walling’s (1973) modification of Butler’s
(1957) method. The other factors of kinetic energy, peak Intensity, ad total kinetic
encrgy of intensities greater than 25 mun hr'! (KE>25), were caleulated following Foster et
al (1981), Morgan (1979) and Daura (1995).

All the above (9) parameters of rainfall, namely, Rainfall amount (R1%mn), Total In-
tensity (TN'T), Peak Intensity (1), Alm, Yotal Kinetic energy ( TKE), 1L, KE>25, and
APl arc examined in relation to splash inthe study area.

5.0 RESULYS AND DISCU 3‘531()N
. Table I shows the quantity of materials splashed from the different land use surfaces. From

thns table, it can be seen that splash erosion occurred on all the five land use surfaces. The
highest amount of splash was expectedly obtained from the bare plot (99.39kg/m?) while
the lowest was 49.25kg/m? which was obtained from the grass covered surface. Splash
erosion from the bare surface was therefore twice that of the grass covered surface. Table
11 shows the rainall parameters computed from the autograph charts for all the rainstorins
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TABLE L ‘Spvl;\,sh,Qggag_l_\_llgéglwl{. e hum Differeny Lifhd
Use Surtice

( St No Date Teuk Cruppwl Gruss Bare-Open Natorat
: PLintition Suthiae Surface Surbiwe
1 31-3-93 anm ‘180 .93 g 122
M 19.4.03 219 215 1.59 333 [ TR
X 2-4-92 a4 .52 1.03 3.08 1.50
4 28-4-93 1.01 0.67 i 0.59 1.37 1).87
3 6-5-93 0.20 0.61 0.37 o (.24
0 9.5-93 1.56 1.39 088 I [
1 }4.3-03 kW2 1.46 ] ' ERT (] PR}
x 13-53-93 158 : AR5 Bk 1360, M
2 bs-3-93 1.84 2 192 A8 P
ik 20:5-93 0.57 .04 0.47 117 045
1] 243493 10 - 2.0 - .35 1n iR
t: 2o-3-93 i.84 RO D) VA A 1.3
] 2.6-93 1.42 .30 1.60 249 (N
4 4-6-93 2,33 2.07 1.07 1.3 .60
- (K] 6-6-93 2.4 153 1.27 413 1.7
16 9-6-93 0.0C =~ 0.60 .00 0.06 i 0.4
1? 12.6.93 | 2.4 1.93 0.99 304 1.34 *
18 - 14-6-93 1 2.40 3.07 1.03 — | 3.69 R T ’
19 15-6-93 1.79 2.51 .46 RID2 {150
My 16-6-93 (.85 0.50 (L300 g, WAl
n 18.6-93 0.00 0.00 040 0.2 0.0
2t 20-6-93 3.66 347 1.88 4.7% - 3
213 17-6-93 Ly b.0d 1.49 3.0 L, L.
24 28-0-93 1.22 1.0l 093 148 1.0¥¢
25 01-7-93 0.75 0.0 0.0 0.3 ol
26 +4-7-93 0.80 0.76 0.7 1.02 .89
2 3-7-93 0.24 0.2v ) Q.80 0.42 (TRt D]
2 30-7-93 1.84 3.4 34 185 1.33
M 5-8-93 1.07 1.4 b3 .62 1L7h
A 0.8.03 .00 i 0n 0.60 0.04 (LI
K1 15-8-93 1.13 0.10 {106 1).22 0.t
a2 5-9-93 1.713 §.ad 0.51 1.45 .18
i3 601 0.38 0.36 0.02 1.03 0.6
RE] T3 1.2 .55 1.03 0.3 0.0
kA 13993 0.77 1.40 1.32 1.36 1.47
R 16+9-93 3.7 3.07 1.02 1.9 24K
K 493 0.00 0.60 .0 203 .t
R 334903 173 1.00 1.53 0.1 1.5
39 - 37-9:93 | 0.48 i 0.62 0.37 1.0} 0.51
EY] T 3-10-93 0.75 1.4 0.84 0.8 0.69
41 7-10-93 0.98 1.30 0.83 1.11 .47
42 10:10:03 1.814 0.93 0.71% 354 0.64
43 1110-93 1.34 146 1.22 .30 (166
FE] 14-10-93 0.5 0.27 0.34 1.81 0.6
45 16-10-93 0.55 0.85 0.69 0.70 043
10 17-10-93 1.31 1.44 1.13 0.89 ih.0"
17 23-10-93 0.94 Q.10 0.00 220 0.53 .
48 25-10-93 1.81 .06 C2.83 §.06 2m
14 251091 0.1v .27 {1t 18 [T E}
W, | 1093 1.3 Lo p.40 | 162 ) 070 :
* - 'l'ﬂlﬁ‘ 67.99 66.97 49,25 99,32 50.87
(Mean) ‘ 1.36 - 1.3 0.0 ‘ 1.99 N

SOUR(' R: Fieldwork, 1993

whichresultedin splash crosion. Over 60 rainstorms wére measured out of which the 50
shown on this tablc gencratcd splash erosion. The least amount of'rainfall which generated
-splash was 0.9 mm on the bare surface.
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The degree of correlation between the rainfall factors and splash erosion vary from

. surface to surface (sectable 111). The highest value of correlation s the one on the grass surface

wheie solagh conelated with total Intensity (TNT) at-r==0.79. Thelowest r - value ison

thie nsiusal §orest surfaoe whcre the correfation coeflicient ranged from 0.46t0-0.19. The

perforimance of the total Intensity factor (INT) contradicts the findings of Osuji and

Sangodoyin (1989) who discovered that splash correlated more sipnificantly with rainfall
lkinsiicenergy. o

A step-wise muliiple Regression of the 9 rainfall factors on splash was carried out
from sutface to surface. The result show five equations which are displayed on table IV.
Yrom these cquations, it can be obseived that out of the 9 rainfall factors involved in the
regiession, only 5 factors proved significant in the explanation of splash erosion in the
siudy acea. The five factors arc peak intensity (P, the total rainfail amount (REM, the
Kinetic energy and 30 - minute maximuth intensity (EL), thetotal rainfall intensity (TN
and the product of amount and maximum 15 minute intensity (Al ). ’

Factors such as the product of Amount and Peak Intensity (Al ), the total Kinetic
Yinerpy (TKE), thetotal Kinetic encrpy of intensities greater than 25mm ! (KE>25)and
the antecedent precipitation index (APY) were not significant.

Going from surface to surface, the most significant rainfall factor was the product of
amount and maximum 15 - minute intensity (AL,). This parameter explained 70.88% of
the variance in splash erosion on the grass covered surface. On the other hand, the lcast
explanation was offercd by the total raintall (REM) factor which explained 2.1.88% ofthe

variation in splash on the natural forest surface. The performance of the Al factor con-
fitns the findings of 1.al (1976). Aina (1977), Jeje (19806) and Daura (1995), all of whom
found runofferosion from vegetated surfaces to be very much rclated to the 1}’[,5 index.

- - oo

TABLE 11 QO"!_;Q,l\!@LL.SE!E‘.!‘.‘:&LSJJQ‘EL’IH‘UE‘.!1“_"S!QI_'>1
wigh Splash Détachment from Variong Land Use Surlace

‘\:;: T{:m;’;l Task Plan- | Cropped T Grass 1 Bare-Open | Naturad Forest 1
CParamerer [41oNn Surface Surfuce |. -S“rmi,‘.. . 9}:(3&.2’ ]
) Fre 0.52. 0.7 078 |- 0.8 046
3 ERT 0.48 0,68 0.19 0.66 0.46
> TRE 0.52 9.7 0.76 Q.65 0.4%
s | EL, 015 1 040 0.48 0.30 0.19
5 KE 15 0.45 0.63 0.69 . 0.57 - 0.42
> | Al 029 0.52 0.65 0.42 0.32
7 | APl 0.2 D17 016 022 . D.19
s |m 0.55 0.61- 0.67 0.58 0.45
9 | AL, 0.64 o6t | 075 05 ,,nf?_,,__

r > 010 is Sig. at 0.05 Level.
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TABLEIV: Summayy. Table 1 the Regression_ of Ravifal -
" Factors on Splash Evosion : )

o TSR A e FE I b

5»,;-:.:,.;, Eaqation taclependent ] h. Coaff. | b. Swnd. Mulumu l:xvcl ol’ o Increvse in Y ¥ anuuw
P Vuriahlels) : - | Geror 1R Bxpl. | the havel of
B E ) ' 1. Expl.
Teew T | Vom0 13400251 P S22 | ooonss | ossos | aad | mast | ansor
Flaition ) ] - - e v ‘|-
Crvppedt Y, %0.13+0.10RFM RFM 1 o041 | 001619 | 0N 5069 | 50.69 19,2208
-0.00005El,, * Bl -0.00008 | 0.00002 N 5343 4.3
R 0 i o b AN NENIRARTRS EEE—
Grass Y, w0 3 +0.00TNT - | ENT 0.016 0.002 080 | 642} 6342
-0.00004 Ely El, -0.00001 | 0.00001 0.82 66:86 sz | oam
_ +0.0003 Al Al 0.003 0.00001 0.84 70.68 344
L e Y, 0,32 v 0.16 REM REM 01601 - 0.20214 | 0.6863 g2 | an2 | 30
-0.00001 Elg fily -0.00001 | 0.00003 | 0.7672 5886 | nmM o p
T Y. 29,29-0.07 RRM REM | 00607 | 00173 | 0.4u78 21.88 21.88 93245
Foee -0.000052 El, Ely, | -0.00052 | 0.00002 | 0.5329 %4 | 6P o
F Value above 2.90 is Significant af U.05% Level %
DEPENDENT VARIANLES ' DEPENDENY YARIARLES
Y, = Splash from the teak plantation surface  PI - Poak Intensity of Rainfall
Y, = Splash from the cropped surface REM == Jotal Rainfall Amount
Y, = Splash from the gross surlaee El,, = Kinetic Energy and 30 minute maxunum Intensity
Y, = Splash from the bare surfacc l’N’l = Total Rainfall Intensity

Y, = Splash from the natural forest surfuce Al = The product of Amount and maximum 15 - minute Intens

The sigmificance of this index appears to have also been captured by Oyegun (1987) when
he observed that the study area (Ibadan) is characterized by rainfall which dissipates most
ofits energy to work in the first 15 minutes of fall. The poor performance of the total
rainfall factor (R¥M) was rather not surprising considering the fact that the total amount of
feiafall haslitile effect on splash erosion since spla&:h,d(:uu smostly at the beginning of the
rainfall event and stops as soon as runoft bepins. ¥nfact, the effeet of rainfall amount on
sheet and gully. crosion may be overwhelming bt it is negy rllblc in splash er osion.

CONCLUSION:

"This study has attempted to detm nine the impor tam; raiofall (exosivity)factors which
influence splash erosion from the different land use surfaces in the smdy aven. Llowever,
the result officld measurement of the process of splash crosion shows that splash erosion
occuried on all the surfaces due to the high, intensity nature offhe ratitsformevents. The -
rainfall factor of total intensity correlated most significantly with splash crosion, suggesting
the influence of these factor above all other factors. ¥urthermore, the resultof thetegres- '
sion showed fiie rainfall factor of Al (thc product amount and snaximuin 15 - minute
intensity) contributed most qngmﬁcanﬂy to the explanation of the variation in splash Ia:
other words, the AL index is the inost critical detachability factor which Gﬂi!&ﬁ(’:ﬁiivcly :
explain splash er omon inthe study area and is therefore considered as animpoytant erosivity
index of tropical rains. In general, the result pointa at the obvious role of vainfill intensity
and/or their combination (e.g. arzount and intensiiy) on splashiciosion,

) _.____,4_._“7...‘1.‘&'1- A
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