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Rdndmp samples were cdktcd over a 2-year period (1977-1979) at the 
Udversfty of Ife Campus (Southwestern N i r i a )  for rrnolysis d rPiadrop 
size-Kbdc energy-intensity rddkmhipa d estinutioa of the erosive 
potentid of rainstorms. Similar rdathshipe presently d in tbe predictive 
udvtrsal soil loss equatkn wen wbstnntidly different and amkr cstfmsted the 
e a e ~ M a n d e r o s i v e p o t e n t W . d ~ o f t h e s h w l y ~ r e f a t d a l l  
inten,* of 12(knmlbr and kss. Higher rainfall eroeivity, compared to 
t e m m t e  and sobtropkal regions, wm rattribotsd to greater proportion of large 
raidsoc, sizes ( 3 m  and more) a d  high rainfall intensities. 

Introduction 

The study of raindrop characteristics continues to be of considerably 
interest pamculady in the evaluation of rainfall erosivity and uttimate 
develoomentoferosioncontrolmeasuresbecaweofthewellknawn &of 
raindrom as the primary source of e n e r g y  for water erosion. Both the mass 
and vebcity components of the kinetic energy of rain are related to the size of 
ra indm.  Various indices for estimating the erosive potential of rainfall have 
thus been developed from certain rainfall parameters that influence soil 
erosion Mshchmeier et al, 1958, Hudson, 1971, Elwell ancl Stocking, 1973, 
Lal, 1976). Perhaps the most widety used erosivity index is the El30 index 
wschmeier et at, 1958) defined as the product of the total kinetic e n e r g y  and 
maximum 30-minutes intensity of rainfall times 1 o ' ~  and presently used in 
the Universal Soil Loss Equation develooed in temperate U.S. by Wischrneier 
and associates (Wischmeier and Smith, 1958). 

The kinetic energy component of the Elgo index is computed from equation 
(1) defiwd by Wschmeier and Smith, (1958) frwn drop size-intensity 
relatiomhip published by Laws arid Parsons (1943) and data on terminal 
v e l o c M  of water drops by Gunn and Kinzer (1949): 

KE = 210.3 + 89 log 10' (1 
where KE is the kinetic energy (metric-ton meter per ha per cm of rain) and I 

o is intensity (cmhr). Drop dze-intensi!y relanionships established in the 
t m m t e  region may deviate undera d ; V J m  c l i W  and agm-ecdogical 
Wtnq or the tropics, thus resuhing in low eFichcy of tb E' 30 incdsx or the 
LJ"iv~m1 %I hoes Esuatb. FE scanty available informam on raidall 
emi\%v have s u g ~ e s W  h pr&icfabi!+y *r El30 in tronical and subtropical 
rep;??? (HUdm, -'Q71; Ahmad and R r e c h r ,  l374, Is', j976). In t9is SS&, 



drop size distribution and kinetic energy were determined in relation to 
intensity of rainfall at  lfe. Sarthwestem Nigeria. Erosivity of rainfall was also 
estimated using the kinetic energy-intensrty relationship. 

I Materials and Metbods 

Raindrop samples were collected during a 2-year period (October 1977 - 
September 1979) at the University of Ife main campus (Nigeria) using the Rour 
pellet method. El3' erosivity index was computed according to Wschmeier 
and Smith (1958) for all rainstorms during this period from the record of an 
automatic titting siphon rainguage. 

The Pour pellet method of measuring raindrop sues consists of exposing 
containers of freshly sieved Rour to rain for a few seconds. Dough baHs or 
pellets that form harden up upon air drying and are f u M  dried to constzlnt 
weight in an wen at 1050~. The weights of the raindrops can be computed 
from the corresponding pellet weights by calibrating the Rour. 

Wheat flour (Golden Penny brand) used in this study was calibrated by 
allowing distilled water drops of varying pre-determined sizes (formed by 
using different sizes of glass tubes and hypodermic needles) to fall from 
some height into a 2.5-cm chick layer of freshly sifted (4210 u) 
uncompacted Rour. The pellets for each class of water drops were air dried 
andoseparated from the flour, wen dried to constant weight (after 24 hours) at 
105 C and weighed. The ratio (mass ratio) of the weight of water drop to that 
of pellet formed from it was computed for each drop size class as shown in 
Fig. 1. 

Heights of fall of water draps of one meter and 12 meters were wectea to 
facilitate the determination of the effect of drop velocity on flour calibration. 
The 12-meter height was the second Roor of a building and measurements 
were taken in the ooen on a humid January (1 978) morning when evaporation 
of falling water drom was minimal. Drop velocrty had no significant effect on 
Rour calibration. 

Freshv sifted calibrated Rour contained in 10-cm diameter dishes were 
then used to sample natural raindrops by exposing them to rainfall fur a 
period of 4 seconds. Sampling was always around the rainguage and at 4 to 5 
times during rainfall to ensure coverage of a wide range of intensities. The 
time of sampling, synchronized with clock time of the rainguage was always 
noted to facilitate the relation of raindrop size distribution to rainfall intensities 
recorded by the rainguage. After sampling the pellets were processed in the 
same manner as for Fbur calibration. Oven dry pellets of each sample were 
separated into size classes by a set of standard sieves with mesh sizes 
ranging faom 0.02 to 4 mm. Pellets in each size class were weighed and 
counted after discarding malformed ones that formed from more than one 
raindroo. Bhe average raindrop weight (mg) of drops in each size class was 
calculated from Wle relation: 

M = p x r  (2) 
where p is the average pellet weight in mg for the size class and r is rrw rrlass 
ratio corresponding to p in the calibration curve. The average diameter (D) 
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was then computed by the equation: 
D = ( h W - 1 ) 1 / 3  (3) 

Cumulative volumes, computed as the percentages of total mass of the 
sample in each size class, were related graphically as in Fig. 2 to the average 
diameter of each class. The median drop size, D5o taken as the drop size at 
50% volume of the cumulative curve was then related to the intensity of rainfall 
prwailing at time of sampling. 

The kinetic energy of raindrops was calculated using raindrop size 
distributions obtained in this study and terminal velocity values reported by 
Gunn and Kinzer (1949). 

Annual rainfall at Ife for the period of study averaged 1620mm (Fig. 3A) 
distribuaed bimodally with a short dry spell (from late July to earty August) that 
separat8~ the first cropping season from the second. Most rains occurred in 
hnckmtorms with 55% of the storms having intensities over 25mmlhr and 
28% having intensities wer 75,,/hr (Fig. 38). The rainstorms are considered 
i r t t m  compared to temperate storms that rarely exceed 75mmlhr in 
in?-. An earlier erosion study by Wilkinson (1975) and results on raindrop 
size distribution (Fig. 4) are also indicative of the aggressiveness of 
rainstorms of the study area. 

Average raindrop diameter increased with rainfall intensities up to 
75mm/hr, then decreased at higher rainfall intensities up to 125mmlhr (Rg. 
4). Drop sizes at intensities above 125mm/hr fluctuated but did not increase 
appreciably with increasing rainfall intensity to justify a cyclic drop 
size-intensity relationship as suggested by Carter et al (1974). McGregor 
and Mutchler (1977) reported a similar noncyclic relationship for rains in Holly 
Springs, Mississippi (U.S.) Median raindrop sizes were greater than 3.5mm at 
rainfall intensities above 125mmlhr. Results were substantially different from 
those reported for temperate regions by Laws and Persons (1 943). Bean and 
Wells (1953), and for subtropical Rhodesia by Hudson (1963). The 
relationship between raindrop size, D5o and rainfall intensity, I was described 
by the following equation wlth a correlation coefficient of 0.94: 

D ~ o  = 1.231 + 0.6941 -0.1321 + 0.0051 - 0.000091 (4) 
This equation clearly indicates greater proportion of large raindrops for given 
rainfall intensities compared to values reported for the temperate and 
subtropical regions. Drop size distribution was similar to that reported for 
lbadan (Aina et al. 1977), 75km west of Ife. Predominant raindrop size was 
3.5mm at rainfall intensities above 40mm/hr. 

Mean annual erosivity factor, R was 560 (metric) units which is considered 
high compared to values elsewhere in West Africa ( R m ,  1973, Aina et al, 
1977), Southeast U.S. (Wischmeier and Smith, 1958) and Ife (Wilkinson, 
1975). Actual erosive potential of rainfall was apparently underestimated by 
equation (1). The kinetic energy-intensty relationship at Ife was of the form: 

KE = 20.9 + 5.51 1-0.791 + 0.0431 -0.00081 (5) 
where KE is kinetic energy (Joules M-2 mm-I) and I is rainfall intensity 
(cmlhr). Annual erosivity factor based on equation (5) averaged 705 (metric) 
units. 
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F i g .  2 .  Cumula t ive  f r e q u e n c y  c u r v e  f o r  median drop  s i z e  de ternr tmRion .  



F i g  3 .  A n n u a l  r a i n f a l l  d i s t r i b u t i o n  ( A )  a n d  P r o p c r t i r ~ n  r;f r c ? i n r d l ;  
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i n t e r v a l s  I R 1  
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CorfreO b eq.d*n (5) tp lriEtb tsgly{Esty re norxl*p
prEly rEd h tre uircd d E c.libtt utfrdlntd tlo lflHic
hsgr C lg6rrc dtp Sdy flE rt r*fl iffn rq11ip tun &ui
10 Siafrm/tr. Shce rm lsr 5(r* d ldEErB H h t&B raPB d
irErh (r f;|cald h FO. 3 B), f;t tglri Hl dtlal t*fl gqld be

mrdl tfCL qryi€d b trtr h Emprt (Fq q rd sfiodcd
6Cqt l(orqt rrO t<rn (t976) r+sEt b, a l(Dl-rm tsbl n*fl at

S;rtnr (tffrsn ]lfh) e rtr| l1i6ic iEEf fr| d_&u3S{lXttn-z
IlEt bt*t c m.gr-a rcpdtd bu ffi rd $dtitg (19x1) br'
rtsii, ffi- Ilp gtefr lt:lic qy fil d nir3brflis d llars
Tprity dt b tE glufr propam d hrgp dopo (3rm atd'rue h
cr*r) mdlEn itrcb.
C-aHos

Hainstorns at lfe were highly erosive. The high energy bad was drc to high
proportion d largedrops and hph rainfall intensities. Ihe actualermiveness
of rainfdl rvas underestilnated by fte drop size-kinelb energy-intensity
relatiorstrips presenflV used in tre unirlgrsd g(ril loss equation'(Wischmeier
and Smitfr, tigSgl. g;cause of tre possibitity to turther irrcrease in kinetic
energy of rain dr.re to strong winds distinctive of tropical rainstonrs (Ahrnad

and Breckner, 1 974) , fre need arises for the darect determination of the kinetic
energy of tropical rainsfiorm.

Rcfcrros.

Agrb. Otit'(H) 51:313-321-

Aha, P.O.,'l-d. B. ild Taybrr G.S- 1974 Sot rrd crop tnaqgtutt in

dailrr b sol e'u*n irrre n*fueot tEgin of weatem Ngpti.L soal

Cqls. SG. An SP- Pttl' 21: T$-lP*
B€n, AG. 

'|d 
W€ts, D-A" 1$3. sd cryr*U by ffi ffi. iln r!*.

W. Etg.Fep.
Cart6r, C.e., GtEr, J.b., Brard, H-J., tld Hoyd, J.M' 1971' nainOrcp

-cttaracuisd,"s 
ilsotd,t cg,ilral t r*Ed slaE& TraB, ASAE 17 (4):

1GI3-1Gt7.
Elpt, H.A gr9] $cftirg, M-A, 1973. R.infi3l prtrft6 fur soil lG

cfneion h a s5-foftud cfinab. J. Agb' Eng' Res' 19
1@-1T1.

Gut t. FG, e'td Kiraer, G.O. 19a3. The b]mird Elcty d h[ bf ua0er

doplc. J. Ud.6: 2(t - 48.
lfu6sn, Xfi. tW. Rr*r<fop rfte 6pbrjon h ligh ifrndty sgIrls Fhod.

J. Ae'b. Rc. 1:6-11.
llrdsotl, N-w. t971. Sor cqsvel Effi, Lqten'
l(rya|, i. , erO t<rerrf AH. , 978 ErErgy fil 1d iffirpus ig,eily c,

taimbtt ts d Siluu, iHm Ugeft- Ttp. Aorb' 53: 185-1$'

43



IFE JOURNIAL OF AGHICULTURE

[-d, Bgfigt. 1976. Sot clf|;nqrAffi hf$entLOe]ia IITA t onograph
lib., 1., lIfA Dafl

L"aws, .r.O. a,rl Putsn, DA 1913. The l*lim ol rahttop dze b itt€Gtity',
TrmE Am. Gcqhlp, ttion 212 &, - 45e'

'ilcGregor, KC. arrcl ltt$ad, C.K 1977. Sm.tsdtPF,ffirh No@m- mssfgpi. Sof Cms" SG. Am. Sp. Asl' 21: 135 - 1Q'
tbcq E.J. 19its. tlt-Sspt rrpa & nrere qpofiYtofffi de I'ercirt

d ilJ n*scfnrf 8lr ul etf briaHflr sabld.!( & basse Cote

dhroile. Cortibdirr a f*do & ftoin hdtiqp en milbtt
itrtopicn.IlE Doci. kE., Fe. Sd. Abidp. 125pp.

lrMl(iEort, G.E. 1975. Rr*il charffi e,rd 8d sotuim h the rainforesil

etc ol u€€ilorn Mgefi"'Ed. Aeft. 11: 217 - 255.

Wklchnr*r, W.H. dtd Sr*trI, D.D. 1S8. Reintan enorgy and its relatim$ip
b 9o1 lm. Trans. Am. Geoptrys, tt*rl G[ 285-291.

W'scfrneirr,Ur.H., Stnifil, D.D. and t[iland, B.E. 1$S,Errabdiltdfacto6 in

the 8dl loss oqrdbn. Agrb. erpierlng 3& 458 - &.

44




