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11.1. 

1959/60 and 1960/61 seasons 

measurements were made various of erosion, Ilsing the methods 

described in 

methods 

10, and of rainfall characteristics, using the 

II. In this there were·15 rain 

were recorded as there of which 

was insufficient between showers. In 

some cases data is mi from one or more of the owing 

to electrical power in severe thunderstorms, or other 

mechanical or human faults. Showers when the rain was les's 

than 0.05 inches were from the net number 

of rs of observations for comparison is from 30-50 in 

cases, and all of storms. 

consisted of trial and error correlation between 

the recorded erosion and the , but with 

rather than on the search for 

tical associations. For example, it is conceivable that in such a 

mass of data a mathematical could occur between amount 

of erosion and w:Lnd but this would be unless 

it could also be shown that the wind caused the erosion. If the 

high winds were recorded in severe storms, such an association could 

occur, but the essential is what of the 

storm caused tho 

In such the arises of of 

correlation two independent variables m~ be as an 

explanation of the 

exercise the control 

additional are 

between them. In the 

are 

so the variation 

relaxed as 

tend to 

increase. No hard and fast rules may be laid down but it was 

considered that in the case of the splash cups, with strict 

a on should account for at least 80% of variation 

it could be as the 

i.e. in linear coefficient should 

be than 0.9. At the othor of the scale i.e. 

with many variables, multiple are to be one 
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which accounts for 50- 60% of the variation would be 

The followed was to 

loss against each of the 

least squares was 

form 

Y (soil lOss) = a + b X1 
After factor been i if the r 

was variables were tested in 

Y = a + b or 

Y c X2 

ry. 

variation 

forms 

In numeri cal ( ) were used, and 

cal methods of (173) • 

• 2. 

of the cups 

was corrected in Chapter 10, and 

all reasonable for same storm. 

the association was strong,loast squares were 

and the are shown in 11.1. 

trial and error at the end of 

season, and a very positive result was obtained, full 

s was second season 

the 

The first index the total amount of 1 in the 

heavy falls and 

of 

the 

as would be an 

losses, but correlation 

on, r, is 0.75 which 

conditions of the experiment. 

The second storm ected was total 

by of storm. for 

from the 

various levels of 

of I energy per 

record the amounts of rain falling at 

e.nd 

from 8. is 

considerably improved wi th r 0.856 showing that the total energy 

of the rain measure of its to cause 

erosion than of rain does, 

It is to expect when rain falls at low 

with would have 

sand out of the cups. When obse 

confirmed this, a seriasof tests were carried out to study 

this effect. cups were for 2 minute in low 

rains with drop sizes, and whenever the intensity 

, or 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Y (sand splash in gms.) = 

n "" 20 

a + b X n 

n "" 31 n = 

Soil 

K.E. 

X
3 

K.E. > 1 

X
4 

K.E.) 0.5 

K.E. ). 1.5 

RAIN >1 

X
7 

K.E. > 1 + WIND 

xa (K.E.) 1) x 

X9 • > 1) x 

(K.E.) 1) x 

~1 (TOTAL K.E.) x 12 
(Tar . .u.. K.E.) x 

K.E.) x 

of r 

n = 

n "" 

0.939 
0.868 

0.841 

0.874 

0.955 
0.906 

o. 
0.900 

0.895 

0.875 

0.68 

o. o. 
0.68 o. 

20 (0 0.939 -~ o. (p = o. ) 
(0.. ~ 0.939 - o. (p "" 0.01) 

31 (0.914 ~-0.958 ~ 0.980 (p '" 0.05) 
(0.8914!--- 0.958 -, 0.984 (p '" 0.01) 

is 4 x tho maximum amount of rain in any-

130 is 2 x the maximum amount of rain in 2ny 

160 is 1 x the maximum amount rain in any 60 minute period. 

.; c' .... , 
is 

maximum 

maximum 

sustained for a 

sustained for a 

of 2 

of 3 minutes. 

is maximum intensity sustained for a period of 5 minutes. 

65 
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remained throughout the exposure period was 

me asuI'€: d. The are in 11.1. and it is clear that 

is is that 

re is a threshold level of intensity at which rain becomes erosive. 

is 

y := o. I - 0 
I 

giving an average value of I 0.85 at Y :::: 0, Le. the 

of is 0 inche's per soa.tter to 

because it was shown earlier that at low intensities is 

in size and hence in 

level dividing erosive and rain 

will vary from storm to storm. It will 

of sands or soils is or if the surface 

conditions Meteorological data on the .of rain at 

is in than 0.1, 

0.1 to O. ,0. to 0.5, 0.5 to 1.0, 1.0 to 2.0 and more 2.0 inches 

per hour, so it would not be 0.85 inches 

per hour. The of 1 and 

kinetic energy computed amount of each storm which fell at 

This gave a 

that a good measure cause 

erosion is which for convenience in 

to it be K.E.> l. the 

the choice of 1.0 instead of 0.85 

accuracy, similar calculations were K.E. > 0.5 and K.E. ) 1.5 

i.e. energy at less 0.5 

1.5 inches/hour respectivel~. For K.E. > 0.5 I' ::: 0.868, and 

K.E.) 1.5 I' '" 0 level of as 

the level is not ver.y critical, and that 1.0 per hour 

is the best of 

a level, below rain is 

not erosive, does not appear to have been 

theI'€: is some the work of (202) • 

of deduced extra-

polation that drops smaller would not cause splash 

of size would have a 

energy of which is 

to that of natural rain at 0.85 per hour. Undue 

be 

with in the , because s 

2 mm. diameter was only an estimate obtained extrapolation, 

sizes of 2.1 and 1.9 mm. to 1.0 and 

0.7 The value of the threshold energy 

for 1'£ of loss th.:m t 
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FIG. 11.1. CRITICAL INTENSITY RA~N. 
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• 

ands erosion is more 

part rain is excluded from the 

• 
K <> 1 a and 

and for 88% of in 

as the answer 

some other should be explored. 

Since of energy of which 

falls • less than 1 inch per hour 

the correlation with splash loss, it is the same 

of X as of rain 

at more 1 inch per r == 0.874. is a 

imp rovemen t on r '" 0 .. 75 for total rain, but significantly 

than for (K.E. 1) , and so confinns at less 

1 inch per hour is , and that is a better 

mGasure 

rain is by vand is 

increased, and hence the kinetic also increased. A 

amount of sand. will be s out of cups. To 

eliminate factor in the comparison of Band 

and kinetic the measured values must be adjusted to a oommon 

Thu mean of tho rain was 

measured as in Chapter so an adjustment may be made. 

rain ha8 a whioh is than the still 

air velocity the factor , where cos fJ 

with the 

factor -~-. 

, and the 

this correction 

valuGs of (K.E. > 1) for oach and 

loss on this value, correlation 

is 

the angle of 

by the 

calculated 

of 

is improved to 

It was 6 that this of 

is not very , as only 

is throe gauge instrument. 

weaknoss, the partia,l of 

the of the of 

There romains one further 

because it has been found be of 

"30 the 

Although is quito empirical, 

by the introduction of 11 second of this 

of 

due to wind does increase 

which should be 

in America. This is 

will be improved 

or 

but how much of tho 

bo detenninod by 11 

soil is washed away will 

amount of 

of' energy, 

volume or of run-off. A which some 

of of the storm may 
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be to the prediction of field erosion from rainfall data. 

In Wischmeier's studies in all measures of intensity/ 

were and for the field scale erosion 

which he was tho index was found to im9rove considerably on 

the estimate based on energy values alone. At this 

present experiments, deal with 

that a run-off factor will be 1 but in 

of the. 

it is not 

indices of the 

field scale erosion. 

were tested at all 

In the present. 

a.ll 

from 

the 

maximum fall in any thirty minute period of' each storm was calculated 

and converted to units of inch8s per hour. 

were dso obtained for 15 and 60 minute 

tested ? 130 and 160 in turn as a 

correlation 

the method was 

> 1). 

0.900. 
thus appoars to be the bost, but in all cases the correlation is 

reduced to less that with (K.E. > 1) alone. Thore is thus no 

advantage in introducing a factor at this , but the method 

will be tested 

run-off. 

when soil in 

A marked fO<lturo of the thunderstorm rain of Central Africa 

is the large variations in intensity over short time It 

was that these variations were 

, ,30 and 

was tested - the maximum 

minute and so another characteristic 

sustained for periods of 2, 3 and 5 
minutes. wore each combined with ille total kinetic energy, but 

the correlation was not better with total kinetic 

energy , so this was not with more 

1) and (K.E. '). 1 + 

All the calculations wore carried out the 

results of first season only, and since it is very cloar that the 

best estimators are (K.E. > 1) and (K.E. > 1 with wind correction) the 

calculations were on these, additional data from tho 

Tho dak and are in 

8 t and shown in 11.2. correlc~t:ion is by 

the additional data in each c(1se; for (K.E. > 1) r increases from 

O. to O. ,and for (K.E. > 1 + wind) from O. to 0.977. The 

improved officiency clue to applying the wind correction is not quito 

at tho 5% levol when moasured 'by tho coefficient, 

but it does ruduce the from 0.65 which is 

, to 0 which is not. Since the on (K.E • .> 1) 

without the wind correction accounts for this is 

very and while recognising that there is a slight 

ment when due to wind are it not be worth-

to do so in calculations of (; It was shown 

in 8 that both momentllia and kinetic enorgy have very similar 
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FIG_ 11.2 RELATION BETWEEN SPLASH EROSION & (KE.> I). 
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relationships with intensity, and so momentum ~ould be 

as the from link 

(176) also out some of these calculations on the 

obtained from his soil pans 9 B.nd the are 

nhown in 11.1. those indices is very 

so it is not 

possible to test whether the correlation would have been improved by 

the 

his data to the 

minimum energy 

form and on was 

t Tr EO. 9 f d d K E 1.46f . 1 b t o .1':>.. "0 or san, an". • or so~, u no 

arguments are for 

To summarise the 

characteristics which might be 

this form of 

of this 

to influence splash erosion 

have been t~sted as alone 

and in (in fact cill 

are the best of these, which a 

very fi t t a the experimental is kinetic energy of 

the rain at than one per hour. The next 

this when erosion is combined with surface flow. 

11.3. 

in from the to 

is to consider soil and water losses from the 

run-off plots or soil • It Vlould be preferable 

to one at a time i. e. to make only one --.---c,~, but 

ro this would 

In the soil there are in 

substituted for the sand, and 

area is increased from 7 square inches to 

loss is a combination of 

th2.t the amount of soil 

while amount of 

number of 

9 soil is 

the size of the 

square inches. 

on 

soil 

in 

carried off will depend on 

• 

the surface soil loss to scour of the run-off 

water will be small in comparison with erosion. 

is from theoretical c VU'''..I.I..L'''' .... of energy values 

as was discussed 8Jlrlier, has been u.<:;;,.llV.= in 

previous Free (150) found the ratio of wash-off to 

~1".-~~'~ varied between. 1 to and 1 to 90, and Mihara (21) 
by two or more orders of m'-"C;.~ 

between two processes and see 

wheth0r they m2¥ be described quantitatively. trays were 

to storms cups and rainfall studies, so 

the same rainfall may be wi bh the s oil and water 

losses. 
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11.3.1. 

of the is held , the 

volume of run-off should be a linear of volume of rain. 

is by the data shown in 11.). and 

the least squares re§ression. 

Y (run-off in inches) = 0.78 X in 

is ver,y good at r ::::: O. 

logically The amount of 

rain because some rain is as surface 

and both constants may be 

is less than the total 

and some is absorbed 

by the soil. is naturally proportional to the amount of 

rain, hence the constant 0.78 i.e. 22% is 78% measured 

as run-off. The absorbed is 

value ma;y be The volume of soil a~ove 

an 

water 

is 0.25 cu1:li.c assuming a specific or macro-pore­

space of 10% the this (i.e. to soil 

from field is to a depth ove r 

soil surface of 0.1 }nch, agrees ver,y well with value of 0.07 

obtained 

11.3.2. 

is influenced by 

the introduction of run-off as the 

soil. the sequence used in the 

from the sand cups, regressions were calculated on the total 

amount of and on the of rain than 

one inch par hour 11.2. ). For total co-

is 0.790 (corresponding with 0.750 for only), and for 

(Rain> 1) r 0.845 ( wi th 0.856). The is V9r./ 

and a threshold non-erosive and erosive rain is 

Using the estimator total kinetic energy, r becomes 

0.860, and for (K.E. > 1) r ::::: 0.919. amount of soil 

by action is still the 

amount of soil washed off. 

It was ei'rlier that the value 1.0 inches/hour which 

was as threshold which rain becomes erosive ma;y be on 

the as was O. 

would be some contribution to erosion from that 

at of 

were c 

than one inch per hour. 

of the 

To 

is so 

of the rain 

this~multiple 

Y (soil loss) ::::: a + bXl + cX2 where Xl is the main factor 

Le. (K.E.> 1), and X2 is a to rain at less 

than one were the amount of such the 

kinetic energy of such rain, and the amount as a percentage of 

In none of these is 

confi the 

i~ not introducing any error. 

this choice 

improved, 

threshold value 
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Y (soil loss in gms.) ::: a + b X n 

x 

Rain 1 

X3 K.E. 
X
4 

K.E. > I' 

(K.E .. > 1) + wind 

X6 (K.E. > 1) x 

iU.t-111Lie: limits of r 

Y 

X 

n ::: o. 

r (n ::: 29) 

o. 
0.845 

0.860 

0.919 

0.891 

0.867 

~ 0.919----7 0.970 

o. 9 ~ 0.962 

Correlation Coefficient. 

a) all where run-off occurred (n::: ) 

0.809 

Rain> 0 

X3 > 1.0 
X
4 

>1 

0.892 

0.858 

o 

b) storms when the ground was saturated at the 

.... l;!i",iUU .. Ult:, of the storm (n 8) 

rain 0.968 

X6 Rain> 0.5 0.981 

X
1 

Rain) 1.0 O. 

X8 >1.5 0.915 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-201-

Next applying correction which eliminates variation due 

to inclination of the rain caused this reduces 

of estimator at r = 0 are 
y '" o. Xl + 22. and (1) 
y ::: 0·557 X2 + 21.24 

where (K.E. ) 1) the wind and is with the 

wind correction. is tabulated in 

graphically in . 11.4. The difference is not 

while it is 

in the case of splash 

in the case of 

less (r == 0.91 

because the 

plus 

wind effects do not 

of the best so far 

than for alone (r ::: 0.977). 

conditions are less exact, or may 

9 and shown 

and 

makes a 

deterioration 

conclusion is 

the 

This may be 

there is a work which is to surface flow. 

The introduction of the I30 index as a multiplier (K.E.) 1) reduces 

the (r :::: ) as it did for alone. the 

influence (if it exists) is more 

flow than to the rainfall, it should be 

related to surface 

independent, 

and so a search was for a second to to model 

Y (soil loss) :::: a + b (K.E.> 1) + eX 
n 

's method was used in which the possible s 
iI 

are - y, difference 

measured value and the value 

association between and the values of any index shows 

that is worth as a in 

this way included the average energy of the the average 

the 15, and 60 minute 'intensities ' , the quantity of run-off 7 

of the effect of 

of erosive rain to total 

, the proportion 

of non-erosive rain to total 

several combinations of factors. In none cases 

was any that the on (K.E. > 1) would be 

the introduction of a second 

The conclusion is that for the miniature run-off 

amount of erosion is mainly determined by the erosion, 

is in turn determined by energy of the rain. The 

of the influences of run-off better 

at the next stage which is consideration of and water 

from size run-off 

in the sequence there are again two 

in tho control conditions. used was much (approximately 

450 square feet), and the water of soil was not controlled. 
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of the was same as that of field scale 

used for crop , that is the distance between "n,"nr<"Ti .l.'J~~O''''' 

contour on this soil and , (in ), so 

no is to results to farmed land. The 

soil was similar to that of the run-off with an loose 

surface, 1 by the free from 

the absence of any moisture control tbe soil dried out between 

storms to a varying on the amount rain the 

intervals 

run-off and 

(Table 11.3.). 

of rain on of the when 

between 

occurred 

At r = 0.809 there were obviously other factors 

which 

soil 

be considered. 

each and 

rain below various intensity levels. 

was tho best (r = 0.892) 
than 0.5 inches per hour. 

rate of infiltration is 0.5 
remains that this is not 

rain will 

was tested the 

In each case the correlation 

rain at intensities 

This cd that the average 

variation 

tests were made on tbose run-offs which after a 

run-off 

o. 
variation in 

stOrID, i.e. those when the soil was or 

was very 

the 

values of r better 

that the unaccounted 

of saturation when 

OGcurred between rains. 

ar 

different 

measures of this such as whether rain fell on the 

day, two days? three 

reduce the 

moisture status wa~; 

devel by 

(A.S .M.) from 

and 204) • 
methods. 

rainfall to date9 with 

and total on the 

etc., but the inclusion of these did not 

and a more 

re 

measure of tho 

methods have been 

for calculating an "antecedent soil 

records (Hartman et al. 203, Thames 

used in this case uses 

is to carry a 

from 

of 

subtracted to allow for evaporation 

and between rains. When this index rises above a 

certain level, ~off should and of run-off is a 

function of surplus, or the rise above this level. The 

of three above 

which the 

shape of the curve for losses between 

rains~ and the proportion of tho surplus ~hich becomes 
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The 

of 

of best depIction curve doponds 

a 

upon the type 

will be more 

and a no!:.; constant rate of 

is suitabl vdth an initial loss due to interception. In this case 9 

with occurs, and 

an surfaco will after a day or two. 

Flhe evaporation CUNO which by trial and error was found to be most 

sui table is shown in 11.5., losses 

between rains, level of A.S.M. occurs 

is 200 (units are hundredths of an inch)o calculated .J..U"''-V'''' of 

moisture is the season in 11.6. After each 

run-off the index starts again at 200. Al though this is 

somowhat empirical it is evidently ver,y accurate since there is 

one ca.se run-off occurs and is not 
. 

one CRse 

run-off is but does not occur, and in 

cases run-off occurs when from the A.S.M. index. 

the the I squares 

was calcul ) of the recorded of run-

off on the ' , . 
~.e. the value of A.S.M. minus 200. The 

is 
y = 0.61 X ( - 0.04 (inches) 

The 'b' value is lower, as there is more 

on plots than on the small ones with a water table 

below surfr',ce. The small are not 

in either case. high correlation (r 0.948) shows 

this method a very estimate may be 

records of both when run-off would occur, and tho The 

amounts of run-off by applying this on are also 

tabulated in Appendix 10 and shovm 11. 7. in 

with the recorded values. 

As an enti check the the 

of the first of the 1961/62 season. running plot of the soil 

moisture index is shown in 

off and predicted run-off in 

11.8. and the 

• 11. 9. There are 

of actual run-

for 

first few weoks of the season when run-off did not occur j but 

this was to the been before the rains, 

the loose texture ~llowed abnormally on 

Once had been oompacted -0----- the predicted 

wi th the actual On nIl 17 occasions when is 

it did occur j and the total amounts are 4.64 inches actual 

and 3.84 inches this additional data (Appendix 11) 
of run-off on A.S.M. is 
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• y ::: o. x- 0.005 ( ) 

agrees very s 

Y III 0.61 X - 0.04 (inches) 

The from data of both years 

Y ::: O. X - 0.02 (inches) 

When 

curve, and to 

surplus and run-off, the method allows fairly 

occurcnce and of from 

(r=0.938) 

(r "" 0.948) 

is 

(r 0.948) 

a 

estimation 

case of pure splash, 

both 

for combined 

main 

is the obvious 

and wash-off erosion on 

on is the 

starting pOint 

soil trays, that 

(I{ > 1), this 

soil loss from the 

field in .10. and 

squares 

y = O. X - 2.6 (r = 0.943) 

where Y is soil 106s in lb., and X is .E. > 1) in ergs x 103/cm2• 

The so that is sufficiently 

the of to estimate soil loss, 

from subsidiary variables was c closely related 

to energy, and so as , the the 

amount of 

duration the 

at intensities 

none 

It was found in the 

than one inch per hour, and 

the 

run-off was 

only by the amount of rain, but the 1, and so 

as run-off is to some 

storm, it was combined in a 

y ( 

of rain in a 

regression of the form 

) = f (energy) + f ( 

Listing from the 

of run-off, average rate 

as the secondary variable. fS method of 

) was used obtain a correction term 

• > 1) 
both 

factors •. are shown in . ll.ll. 11.12. and are of very 

nature correction E 

the quantity of run-off, or rate run-off, is 

the storm is not 

of soil loss. When the , or rate, is 

the run-off acts as an agent and picks up extra soil as 

as that the process. or 

of is equally cient as an of this 
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effect. 

(Fig. 11. 

is made for the run-off regressions 

and Appendix ) 

Yl = 0.0775 - 1.0 (r = O. ) (run-off 

Y2 = 0.0774 - 0.1 (r = 0.982) (run-off rate). 

The are not a 

of the 

ments, this method of introducing an allowance for the secondary 

of run-off is than 

's "I II 
30 

An interesting variation of the run-off effect during 

the 1961/62 season. 

on the bare plot (Plate 11.1.). 

run-off and increased its velocity scouring action. 

effect of loss scour was 

more than when rUlI}-C)!'!' was in form of sheet flow in 

previous years. 

(K.E. ). .. 1) was 

However, relationship between soil loss 

conclusion is that soil loss from the plot is very 

w ...... ,,,,,u. by the (K.E. > 1) with a secondary variable~ 

of which upon con-

trolling surface flow. This secondary variable only has a significant 

effect in the cases is so little flow that the 

soil is not all and b) when surface flow is 

canalised 

action. 

surface conditions so that is has scouring 

11.5. 

of establishing a IIdesign 

for a simulator by the type of r 

in the long term, causes most erosion. A tentative solution to this 

problem is shown in Fig. 11. 

per unit 

(Fig. A from • 11.2. and 11 

and intensity rises 

• B from 

to 

8.1Q.). 

A linear 

energy 

relation 

been established 

(K.E. > 1). 

(K.E. > 1) 

3 inches/hour and then levels 

of per unit 

rainfall to intensity therefore has the same form (Fig. C). 
records show that the r 

of form shown 

erosion for ~ intensity (Fig. E). 
increase (K.E. > 1) is 

so E x Q increas€s. At 

of r 

C 

At low int 

D 

and intensity is 

total 

of rain, 

occurs 

and E x Q decreasos. The peak of E x Q determines the critical 

at which most erosion occurs. The value depends 

upon the s of D, and may'\8ry slightly, it will be close to 

the point at which the (K.E. > l)/intensity relationship , i.e. 
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Plat o ll.l. 

-215-

The ba re soil plot of the mosquito gauze expe riment. 

(Plot 20, Experiment 1/3). The small gully formed 

during November 19619 after consider <,.ble erosion in 

the previous eight seasons. The soil l evel is 

about 6 inches below the original l8vel. 
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about 3 inches/hour (Fig. 8. . ). 

11. 

The sequence of shown that 

from the s case of of 

the mechanical process is essentially same. The effect 

described as the , 
or is agent in erosion process, -

primar,y both in time and in importance. extent to which rainfall 

has power to cause as the of 

and may be 

kinetic energy of the rain. This is a step forward means 

erosion can be from .I:d.I.HJL>d..L 

once relationship is established between this potential 

to Cause erosion, and the actual erosion which occurs for a particular 

set of soil ons or soil 

mathematically, it has now been shown that 

== b (K.E. > 1) + a 

been for the and 

conditions in expe riments 0 As these conditions range 

from <;:;.1.. IJe.l.VH it (though not 

form of the to 

all conditions 1 that is all erodi bili ties. But the consta.nts will be 

for ever,y of soil , and 

caused by a erosive power different soil 

9 or vegetative covers. 

In IV basis the 

of an ce which 

al':\Y erodi bi Ii ty under suitable constant erosivity. In Part V the 

to some of the 

to the 

crop conditions. 

from the 

of 

scale 

soil and 

of 
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12.1. IITSTOBICAL DEVELOPMENT. 

At an early 

it was 

in the histo.ry of erosion and run-off 

be 

that 

and 

of 

by 

rain, either in the field or in the laborator,t. 

nineteen thirties many have been developed 

and V,LJ.'.' .... "',Ll the more 

Since 

to the 

from 

and operation of simulators than to results obtained 

use, machines have been 

used for various purposes. interest in 

arose from their potential use as infiltrometers, i.e. to stu~ water 
I 

rates, to measure • of 

measured the of water enclosed in an 

cylinder pressed into the soil surface. (Musgrave Musgrave 

and 206). of this que included the use 

an cylinder to provide a buffer area (Nelson and ~w~~".~,~ 

devices to 

water ( 

a constant 

). 
head of 

method is still 

practical field tests of infiltration rates for irrigation studies 

• 209). an 

head is an condi tion, 

(210) applied water in the form of a thin laminar flow the 

top of a small and in a 

the lower the water 

is applied as falling drops the effects of soil structure 

are not infil-

rates may be obtained. In on ( 

Hendrickson ( ) showed that the turbid water from natural or 

has much lower than 

water normally used in ring infil trometers. The next in 

the development of infiltrometers was therefore to apply the water 

as after been it was 

that such a device COQld equally well be used to measure soil 

erosion The United Soil Conservation Service and 

), 
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Forest devol oped a number of 

of at known 

of water, others controllod both quantity and intensity, 

and this led to discussions of the merits (Kohnke ) 

the first in 1940 by Laws (13). thai 

the size and of a on 

e went on to his classi~ studies of drop 

(39) and of drop size distribution (119). Using knowledge 

of the characteristics of V.D. Young """"""'eiU"" 

F (Wilm) was used for many years, 

and only superseded a few Y8ars ago by the Meyer simulator (121, 
216, ) which is based not only on suitable drop size and 

velocity, on power. 

of 

mainly for field use, several other methods were introduced, usually 

for laborator.y studies, or purpose such as rapid 

tests of In the investi-

the object is to 

to design a general purpose 

the new knowledge of subtropical rain 

simulator forlocal use, (the design 

are 13) 9 but since of any 

simul ma,y be it is 

review the more important according to the method of 

production rather than by considering their purpose. 

12.2. 

12.2.1. 
of Ellison and ( 

ly for on nature of 

splash erosion, and enabled Ellison to carr.y out his 

in this field ( ). Water was allowed to drip (later 

onto a screen of 

each where the muslin 

wi th muslin. 

""""",,,Yo into the wi re mesh a 

of cotton yarn was underneath so that the water 

) 

At 

through muslin formed drops which fell Various 

thicknesses of.yarn , wool, and 

sizes, 

, were 

could be 

the 1 abo rat 0 r.y ceiling at any chosen height. To give a suitable 

distribution of rain on the soil samples at floor level, the drop-

was vibrated by a motor-driven rocker. fairly 

successful was used Woodburn (196) in 

studies of the effect of soil structure on splash erosion, and 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-220-

by ( ) to tho effect of chemical soil conditionors. 

A machine using this method of drop to rain onto 

soil tanks of 1/1,000 acre was used by and 

(220, ,), in s first simulator was 

"'"c"""'e;""'u. for laboratory he later ( ) designed a larger 

version mounted on a truck for use. A 

the shower hei-i.d and gave a fall of 

the rain could be to a plot 5 feet square. This 

design was successfully used in to test both erosion and 

infiltration ). (224) 

obtained new data on ground cover with an version the 

also in , and this same model was later t 

to Wyoming for infiltration studies of forest lands. ( and 

Zingg 225; 226). 
this , and of 

any which only on gravity to give veloci ty, 

is that it is seldom to use of of the order 

of 25 , as is to achieve terminal 

A second problem with field is 

that screens must be provided to avoid interference by windo 

.2.2. 

to on 

many worlcers used small diameter tubes or nozzles from which 

individual drops of constant are produced. 

variation consists of to 

simplest 

from a 

as used 

of structure. 

(227) and Rai at ale (228) in 

of the of 5 or 6 mm. 

diameter are formed and usually fall only a few feet. Vilensky 

a tests to assess both 

and a spray to measure To measure 

the breakdown of structure under conditions of 

tropical rainfall, Pereira (230) required a high impact effect, and 

allowed drops of 6 mm. to through 2 metres onto soil 

extra 

....... JCue ..... velocity would hSi.vO an e:ffect to 

falling at terminal velocity. Ten jets, made from thick walled 

capillary tubing, at the rate of 6 inches/hour for 

minutes test a inches across. A very 

was used by (,) a 

simula.tor designed for field tests of soil in 

undisturbed state. In this instrument one hundred nozzles in 

gave of 5 mm from capilla"-Y 

























































DROP VELOCITIES IN RAIN SIMULATOR. 

IMP ACT VELOCITY AFTER • FALL (FT/SEC) 
FOR DROP LAWS 39) 

Initial Vertical 1.0 mm 2.0 mm 3.0 mm 4JO mm 5.0 nun (ft/soc) 

4.5 .0 22.0 24.2 .0 

10.7 14.2 19.5 .5 26.5 
27.8 
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measurements should be e valid. of 

soil m~ of course occur on test plots, but 

the chance of such 

In order to 

area which are ected to 

a 

fol 

res1..'U ts will 

cture of 

int 

areas covered . 

in • 6. 

class groups of intensity wore cal 

An intensity distribution curve 

drawn from the (line 2 in e 

nay be 

be prejudiced. 

of the test 

a radius was 

) the 

radial limits of intonsi~ groups are carried to cumulative age 

of area curves dr::'cwn on the same base line 

5, 6 and 7 A similar exeroise was 

and the results arc in Table .6. 
quantitative measure of the lack of 

information on the test area. 

test areas of 

out for e 

From these ts a 

emerges, and further 

distribution 

of , between 2.5 and 3.5 inches per hour is received 

48% of a 7 foot test are"" and diameter. 

the n8xt class groups of on are more 

at 7 feet ( and 28%) than at 5 feet ( and 5%), which 

reduced the that a 5 foot area is better. 

Consi distribution of a 

proportion of fue area is inol uded 7 foot diameter than at 5 
in both the case of the range 20 + 2 and 20 ± 4. 
is more than 

Since erosivi'iy 

is that a 

7 foot test arE>2 is unless, as mentioned 

from field 

practical 

otherwise. 

the 7 foot diameter receivo the intensi + 

+ 1.0 inches 

±. 10% and 

inches/hour 95% will receive the design 

per hour. Also 24% receive the e 

64% recei ve t he orosi vi ty 

conclusions are 1) that lack of uniformity 

the known weaknoss in this 

will introduce 

from the and 3) 

of will not mar 

field 

6. 

because the nozzle 

nozzles in 

in the is not 

r, 2) that measures to 

the hypothesis that the lack 

of the device should be 

is 

lawn 

of the 

the water 

and after extended use, wear 

5 
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% OF SUBJECT TO EACH v.I.J.tI.,JU Group OF 

OR .u~'V'''U .. 

IS 

5 6 feet 7 feet 

~ 

0-1 2 2 1 

1 - 2 9 7 4 

2.0 - 2.5 23 16 

5 - 3.0 
9 ~61 3g ~44 j48 3.0 - 3.5 

3.5 - 4.0 5 

100 100 100 

EROSIVITY GROUP 
(GMS/IOO CC) 

10 - 14 49 34 

- 16 

- 18 2 ) 1 ) 10 ) 

- 20 3 )10)32 2 )11 )51 11 )24) 
20 - 22 7 ) ) 9 ) ) ) ) 

22 - 20 ) ) ) 

100 100 100 
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might the friction and so alter the spe of rotation. 

To avoid on shown in .1. uses the 

irrigation where the seal and 

are p c "neoprene" washers, in bulk 

and in a matter seconds. The adjustable plate to 

control air resistance and speed is no IB 

aced a The nozzle soldered 

onto other a,rm, an assembly to ensure setting 

rol of pressure at the low ope pressure 

p.s.i. is by a constant head tank: which eliminates 

need for pressure gauges. A filter 

this 80 that water of poor quality ma;y be used in the 

but the 

very 

supply 

The 

sketched in 

of interference 

and 

and nozzle is 

gri tis remote as the b 

minimum internal diameter 

design for the whole field 

13.8. central 

in 

is 

or- in jointed 

both the constant head water 

for ease t carries 

and the arm the 

arm may be in a horizontal so 

several may be made in a circular each 

thus reducing movement and 

of water d for a area of 1 

only about I gallon/minute for ten minutes, so only a 

small constant tank: is requi and may be s from a 

mains 

1) 

2) 

where available, or if not 

dri ven pump. 

a hand pump or small 

The 

and colle 

Method of 

detai 

device. 

and 

run-off and soil loss. 

ques for 

Standard deviation in 

hence the of 

be determined field t 

of the plot boundaries 

the quantity of surface 

of during 

test area. 

of run-off and 

needed. 

and 
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1. 

• In 1 the historical of field research 

how the first stations of the 

United 

to the 

Department of Agriculture established in 1930's led 

network of in America, and to similar field 

in other countries. be achieved by 

a and description of the number of stations now 

operating 9 but rather the used will be s-

cussed before the field now 

An important feature, common to all 

erosion expe is the difficulty 

field 

enough plots. In 

it is to use 

for accurate and statistical 

the rasul ta, and experiments with dozens or even 

are common. In this 

, in addition to of 

of 

of plots 

as in the agronomic experiments, there is also the large 

cost of the the labour requirement of 

erosion is that most are 

limited to 10 or 20 plots, only a handful of 

world have 50 or more plots. In most cases then, even the 

est formal as factorials or Latin squares are 

, and replication is usually either omitted 

or inadequate. 

excused 

show the 

is of no 

This lack of precision in 

that it needs 

between two 

impo rtance" - a 

is frequently 

to 

, then the difference 

argument which has led 

of 

e 
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(a) Small , usually of 1/200 to 1/50 acre, where 

(0) 

t (e.g. are not 

all the run-off and soil may be collected in 

or pits. 

sized , usual 1/20 to acre, where 

t 

run-off 

are applied as far as possible, and the 

soil loss are with 

a constant 

scale 

in tho 

stored. 

t to 4 acres, which are 

is recorded but 

108S is either not or limited to hoc 

All are used in the research programme now 
of 

used for small flows of 

are not s for use in erosion experiments. Any 

of notch which a and low velocity 

is to be silted up of the silt load. 

cal velocity flumes? such as the 

but are not ver,y sensitive at low flows. 

!lH" 

back on 

for erosion 

of the United 

all field 

and consist of 

so as to 

14.1. and 14.3.). 

~ avoid this problem 

A flume was refore 

Conservation 

, a.nd has been 

are known as 

cut 

action of t he outlet 

are t ha tit may be 

in sizes to measure flows from a trickle up to 100 cusecs, 

and if constructed to it not 

:rating, as tables have been from 

tests. flow the base of the flume 

deposition of silt or the t bed-load. 

s 

of the more frequent low 

to pass the 

A continuous 

fitt a 

low allows 

flows ~ while there is sufficient c 

flows. 

may be obtained from H flumes 

depth-of-flow recorder at a float~ 

well on one side of the flume. The curves allow for the 

draw·doVlll between and the In 

were so 

of flow was recorded as rate of flow in cusecs. 

3.2. 
When plot sizes r than 1/100 acre are 
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size of to catch the whole of the 

run-off becomes 

are 

ally when tropical storms 

and some method of sampling is required. 

1 have designed a suitable 

instrument called (Plate 14.1.). This 

of' a the run-off passes, and with 

a series of rectangular slots at the 

soil and \'i'ater through one slot is 

accurate constant fraction of thr. total. 

from 2 the total depending on 

end. 

s ampl e may be 

of slots, 

and two or more divisors may be used in ffiries for smaller 

d has been ve~ vddely used~ but in some 

difficulty was experienced in having the flumes madeWLth 

and alternative methods were used. One 

series of ten 0 90 V notchos which were bolted up machined to 

ensure uniformity, and then fixed to a flat pl8.te ( .2. ). 

A consistc:d of horizontal vertical rows of t inch 

holes drilled in a stainless steel plate from a master 

3.). 
In experiments using fiold , whGre th~ 

an 

are too to pass through Geib divisors, rs have 

drawn off a small at 

"Indiana" sampler hEs a vc 

side of an H flume, 

to 

circular drilled in 

larger 

a 

towards the 

stages. The 

to 

side of a rectangular flu.lle. 

constant flow at all 

notch in the 

in Rhodesia 

used a small notch to take a 

pond bohind the large notch. 

bed load and and in the 

across the flume or 

subject to crable error in __ ... ~ ___ ~ 

talCG a constant 

the 

With varidions in 

of these loads 

-"J~----~ methods are 
soil loss, even if they 

use has boen made of mechanical sampling 

devices which use the watGr to a tilting-bucket 

sampler~ or 

favour bocause of 

range of flows, and 

to all 

r. Such devices have found 

for a wide 

in a machine exposed 

is only to measure annual 

and soil loss, the emptying of the t~nks may be done on 

an ad hoc basis as when If individual for 
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each storm are the Ut'L~LU must allow for and 

emptying of all tanks. For annual recording the usual 

technique is to allow the soil to to pump out or drain 

out the and remove the soil to a common container for 

subsequent ;iihen a 

it is 

number of plots are 

to cable to s 

whole of the eroded soil, and some fcrm of 

technique developed for the 

is re red. 

was based 

on use of a flocculation 

which is added to each 

This is a 

tank 

after rain. suspendod soil , and wi thin 

an The is measured and 

and th.: s into metal drums, 

for the next storm. The 

taken for determination of 

accounts of 

, and of crop 

solids. 

and 

h20vc been 

writer as described on page XII. Tho present description is 

limited to which are reI evant to the 

discussions of 

off, 

of the 

Two sizes of are used, - small plots 

of 1/100 acre, known as the minor experiments, and 1/20 acro plots 

for the of are 

on each of four soil cle~, poorly drained 

shallow well sand. The of each site 

is shown in 14.1. 
For the major removable plot boundaries are 

used so 

run-off is in brick-lined 

tho s tanks • 

are used with Geib 

On th0 clay loam soil 

taking 1/7 s 

soil 

brick tanks and a ten divisor (Plate 

led to the used on the sand soils ( III 

and where the run-off is 

the tanks. 

with a 

of 

divisor ( 

which is to store an 

water from each plot. 

case two 

, and do not affect 

and known 

which houses all 

tc:nks are used 

variations are 

common 

of the soil and 
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The collecting t anks 
Gei b divisor. 

The collecting t anks of Series II un<icr cons truction. 

The ir:1provod t cmks n.nd eli visor use d on Se ries III and IV. 
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The plot boundaries, of ~sbGstos cement pI nks, a re 

r cmov",blcfor tr:lctor c:ultive tion . 

-- --- --~ 

In thE l a,s t experiments to bo instc 11 · d 9 the run-off 

from all t he plots i s piped to 2- centrel building1 

housiug all the coll ecting t eru{s . 
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and 

been made 

For the 

losses were 

three years, - 1956, 

1956 

each storm which causes run-off. 

results vall be confined to or experiments, 

the annual soil 

measurements have 

The analysis of 

case 

of bare soil where is taken from the mosquito gauze 

described 
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CHAPTER 15. 

A amount of been recorded from the 

in the nine years of their operation. Much of this 

has been in the form for its 

in land use planning, and a detailed examination 

is outside s cope of t his thesis. 

by a few chosen 

the mechanics of erosion developed in III may be used 

as a 

storm may be from the 

t a extract from 

at various 

Any 

tests are not 

power of a 

When it is 

records the amounts of rain 

energy may be 

multiplying these amounts by the values of enorel 

per unit 

was 

of rain 

records of the years 

for each storm, 

at all intensities, but s 

result is 

is applied 

1 - 2 inches per 

calculations this are sho\vn in Table 

of t method 

from records, because much 

the 

2 inches per 

.1. greatly 

calcul 

is available in 

this 

Departments. 

the rain gauges of 

1.1. 

for storms 
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as by (K.E.> 1) was to soil 

loss from bare soil. the annual 

total annual soil loss an equally relationship holds (Fig. 15.1.). 

is of the 

energy of short duration 

becomes erosive but there is 

s 

no erosion 

when the 

effect was evaluated in 

due the 

momentarily 

to carr;'{ 

1:1, away the soil. 

compensation for 

known, but the 

can be made if volU1l1e or of :run-off is 

object is to see whether annual soil could be 

of di from rainfall records. 

Fig. 15.1. shows that for soil such WOUld be 

relation tot al annual of 

rainfall (fig. 15.2.) shows considerable variation in can 

occur for a annual rainfall, and tnat; e could not be pre-

dieted from the amount of annual 

of -the rain to cause 

occur from the 

a crop. ThiS is 

from a maize crop 

there are apparent 

or the 

loss does 

land carries 

the annual 

of seasonal 

in the season of .J..7J'+/.J H 

is not experimental error is shown that low soil 

loss was recorded from the crops •. 

is that the 1954/55 season had a erosivity, it was 

in occurred in the season. 

this tirle the maize crop wci.s well grown gave good protection to 

soil, hence a low soil loss, although the bare soil continued to erode. 

in a 

of the season Gi;i-VG a reI 

of interactions of rain, 

15.1.2. 

rologica1 stations in 

and 

firm conclusions, but the 

which may be 

from 

of e rosi ve m.in in 

soil loss. 

crop, will be 

years 

obtained from the 

at five 

nature 

later. 

Rhodesia and used compute monthly 

of yaars is too short to 

are us ed t as how the 

is available 

network of r,tin gauges. 
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Que Que Grand Reef Fort Bulawayo (UmtaU ) 

Annual 
( • 

a) 24 - - 32 - 24 
b) of 5 years .7 .9 31 .. 6 30 .. 75 

Total 

- 1956 
"950 49, 37,015 36 ,445 ergs x 

100 .8 ·9 74.7 63.6 

Erosi ve rain 51-56 (inches) 72.7 54.8 53.7 .2 

% rain 4 31.6 31.7 9 2 
erosivi ty 

( x ) 268 234 204 

March 

Salisbury 4,840 770 1 370 9, 6, 
Que 3, ,180 6,630 13, 2,440 

Reef 6, 11,140 10, 4,770 3,480 
5,550 10, 8,980 8,880 3, 
5,990 10,140 7,500 2, 
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The results are tabulated in .2. there is a ral 

association of e with , but of 

similar average rainfall amount can have considerable difference in 

seasonal of Erosivi ty. Comparing Salisbury 

that in this five year not 

rain is to be from 

but of erosive rain. This 

severe storms are 

and Bulawayo it is 

more 

tem averages) 

the 

rna re fre quent 

in 

misconception 

of lower , and in the months of 10Vler rainfall 

of the season. 

few heavy storms are more 

reason for this mista.ke is a 

, when are isol than a 

amount of nwnber of similar storms included in a tot 

rain. In gene of intensities increases as 

average annual increases, so the average 

to be higher in rainfall arean. There· 

may be 

probably be 

the mountainous in certain areas of a. For 

border has a very rainfall, but since much of this is 

either monsoon or the average e rosi vi ty may 

well be low-lying of 

low average rainfall, but rain does occur is 

associated wi tIl disturbances off the 

average may be unusually 

south-east have very 

isolated storms 

coast, and the 

The variations in seasonal distribution of erosivity 

shovm in .4. may also be 

appears to have 

if confirmed further 

data. low in 

the beginning of the season (Novembe~ and December). On 

at Grand (Umtali) is in 

but low 

such as 

and could be 

time to carry out those 

control~ which may be done either 

months 

works, 

the or 

the end of the season. conditions are enough rain 

to assist in 

rain and run-off. 

without excessive 

seasonal 

of the season would be better in Bulawayo, but 

seaSon in and Umtali. 

of land-use 

to its 

th2-t the 

end of the 

upon the 

to 

The modern 

classification of land 

This would be much more if allowance could also be made for 

the in climatic 

when sufficient information is 

to 

c;",; .... v • ...." and 

to map 

can now be done 

in addition 
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15.2. 

It has been shown (Hudson, 34) that small 

differences in the 

cause large 

of the cover of a 

in the amount of soil 

crop can 

com­

average soil parisons of average and above average maize crops, 

loss was reduced the dense crop to a 

from the average crop. 

from bare s oil is of 

is the main cause of 

In mas gauze 

of 100 times that from soil with 

reason is that 

th€ extent to which the 

erosive power is allowed to its energy on the soil 

entirely dependent on extent to which the soil is covered. 

Although for convenience in the prevention of 

stress is put on the amount of erosion in 

fact depends not on the amount of soil covered, but amount 

of soil exposed to the s most 

crops the small 

covered soil. 

soil is less 

Vertical 

vdth 10,000 plants per acre 

maize showed 

60% of the ground is 

and 
.....o-~-'--_ 

With 1 000 plants per 

is and 10% soil loss is in the ratio of 

the soil i.e. 4 to 1 not soil, 1 to 

why lE:.rge 

relatively slight crop 

in erosion are caused by 

lfhe effect of 

the maize crop matures is 

storms from ihe 

against the energy 

years the storms have been 

or storms of the season, 

and "late" in 

appear. In the 

soil is dr-.t and 

during the Beason as 

The soil losses in 

maize 

1). 

are 

In each of six 

one 

to mid­

Three different 

s loss is low 

giving low run-off. 

is a condi tion year to year, so there 

is no In December/Januar.y losses are much higher from 

storms of similar erosivity because the crop is only part grown, 

but initial conditions no • There is the 

in this group because the crop 

from year to year. Finally the end of 

lower soil loss because the crop is 

is reduced because there is less 

of the crop. 

in mid-season varies 

season storms give 

cover. The 

in the density 
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FIG. 15.5. THE CHANGING EFFECT OF CROP 

COVER DURING THE SEASON. 
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15.3. 
on loam soil (Se I), 

crop treatments are to whose are 

4~5% 3%. as continuous 

maize at average the three 

maJr compared. Fig. .6. shows the losses from the two flatter 

plotted that from all 

in the last of season. Although there 

is considerable scatter, the general relation is clear. 

It is assumed (177) the may be 

assessed 

The 

for 

an 

Soil loss a :x: 
fom 

(% Slope)b 

a on crop treatment, and has the same value 

case. '. 
eQ.uation (1) and from Fig. .6. 

loss (4t% = O.:x: loss 
b 

= O. or b = 1. 

from (3%) c 0 :x: (Soil loss ~) 

b = 1. 

(2) and (3) 

Soil Loss (4*%) = loss 3%) 

Hence b I; 1. 

values of b, The close 

this is a evaluation for the of slope under these 

conditions. in mind the st of 

interactions between the , it is both 

the a and b constants would var,y for oth6r crops, or other soils. 

is one of the many cases, may be 

established from the field plots, but the rainfall simulator is 

to the answer which covers all variations. 

low value of b, (or I 

differeID es in soil loss over ~""'"'6'" ), is 

that in the plot design some allowance is 

made for t of different of s on 

each is the distance between conventional contour ridges, 

the formula 

between contours ::: __ ......... :::--"'-....."""""" (feet) 

a closer spacing and a s length of plot 

on , and less erosion per unit area 

as there is a shorter distance over which 

velocity. A precise evaluation of of of 

(1) , 

) 
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is not red as the use the contour formula is 

on all arable in Rhodesia. An was 

down to test the of and showed that 

it does in fact give good :results (Hudson, 

which occur. same crop t 

mo..""",,,,,, was grown on on the three 

soils of elaY loam~ poorly drained ow 

slope differed 

sites so the soil loss were all 

the relation of 

, average 

with 

and well 

on the 

a conunon 

i.e. erosion 'x 

annual soil annual 

15.7. and appears to indicate there is no 

the 

when the same is carried out 

soil loss from the plots carr,ying a ver~ poor maize 

appears be a considerable difference between 

.8.). there an inte 

two sand soils 

the variables; 

the diffe renee the two soil 

a bad maize crop but not for a 

is not the same for these two crops. 

the field plots or both, are 

On the evidence 

and 

and indications under conditions 

the r simulato r. 

it is a 

amount of 

subsoil 

top soil has been lost by the exposed 

be less erosion will 

in other soil conditions the lower soil 

harder and more Previously it was not 

these alternatives on 

storms and seasons can be assessed 

may be 

to 

now that 

for 

from 

per unit may be made. data from the bare clay loam 

soil because it showed 

and during inches of have been 

In and erosion are compared over eight 

years, and is no 

However there are for that a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

281 

. 
III a.. 

+ >-.... 
...J 

§ -
0 Q 

2 
0 N· ~ 

:=I 
U 

H~ 
I-
}d 

'2 ..... 
..... , 

1t 1&1 
eft 

~ III 

~7 :::t: .... 
~ U 0 ~. 

~!Q '" ~ 
U~ ~~~ .... 
~ 

en 
?(~~ 1&1 
..J:E: .... Z I-
UutO i 

, 0 x + 
~ " ad 

. 
" -u.. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

282 

16 

+ 

iii 
IX 

~ 
«f >. 
~ + 
In 

~ 
• 1'1,12-
~-
..J .n 

~> 0 SHALLOW SAND 
:I 

·a lO 
U 

+ O!£P SANO 

<t 
... 

e 

g .~ t; 
-) 

~ 
".1 "'I 

j 6 

,..,. + 

~ 
+ 

~4 
it 
9 
..J 
~ 
t' 2 

;if 
::;) 
z 
~ 

0 2000 4000 6000 8000 10000 12000 
ANNUAL EROSIVITY - ERGS l( PER CM~ 

FIG. 15.8. INTERACTION OF SOIL , SLOPE. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-283'-

Seasonal Seasonal 
ErosiVi7c 2 Soil 

ergs x 103 em tons/acre ) erosivity 

1953/54 10,500 65 10.0 

1954/55 13,500 91 .. 2 9.6 

1955/56 10,100 60.5 6, 9.9 
1956/51 10,100 59·1 6,100 9.1 

6,000 .1 2 11.1 

12,500 90.1 8,500 16.5 
4,200 3.3 16.5 

1960/61 9,400 54.2 5, 10.0 
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result occur on the lighter sand soils. soils have 

a very low tbe silt and clay and 

it has been for some time is 

removed by erosion, leaving a soil which becomes 

poorer in these constituents. 

are 

their 

in together s oil into or crumbs, 

could to to 

Under crops it is not easy to test this because crop 

varies from year to but crops appear to be 

the cover is less 

soil loss from ~/O successive 

are mown in Fig. 15. 
of different seasons. 

in erodibility, as 

Com­

crops on 

re is 

three times that 

comparison may be made of the losses 

second year tobacco is 

year tobacco. A 

from the s arne when tobacco was grown again 

years of g rase. losses in individual stonns from 

second and t 

degradation 

crops are shown in Fig. 15. 
the first c is marked, but less so 

when the crop was 

as the object of 

to erosion by 

slight increase in 

when tobacco is 

on land. This is 

under grass is to build up 

... "",.0-'.'",,,, the bulk organic matter. A 

appears to occur in the third season 

further 

15.6. CONCLUSIONS. 

In this 

quantitative measure of e 

from results of 

weaknesses of 

acting 

necessity of including so 

of the field 

field probloms, but by 

are trends 1'0 

are given of how a 

useful information to be 

plot experiments. The inhe 

are shown; there are too many 

abIes. 

which arises from 

The primary purpose 

practical answers to practical 

of the mechanics 

erosion, additional nnation may be which was previously 

conce&led among the mass of 

erosivi ty allows the design of a 

indications which emerge from the 

to detailed examination, in controlled expeLi.mOa 

maJr be subjected to proper 

of 

the trends and 

m~ be subjected 

resul ts 

• 
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2. 

5. 

6. 

Sill-iMARY OF THE.: NEW CONTRIBUTIONS TO THE KNOWLEDGE OF 

Chapter 5. 

Chapter 6. 

associated 

Chapter 8. 

of 

This 

between 

hour 

A study of the control conditions required for 

of the method to a new 

New data is presented to show the effects of wind 

In 
, 

are associated with more ve 
'. ' New data. is on size and distxibution 

rain at intensities not 

is used to sh new 

and kinotic energy. Above 3 or 4 inches per 

in drop size not 

the 

are in the 

of splash cups to measure erosive power rain. 

power. 

ll. 

-of 

erosion and 

A sequence of erosion 

particular case to the 

of simultaneous studies of rain-

are 

or indices of erosive 

progresses from the 

of variables. 

sequence it is found that erosion may be 

, 

from the parameter (K. E. > 1), or the 

of the rain 
energy of 

than one 

effect of run-off is also 
and an 

from 

but sa tisvacto:ry method for 

recorda is 

new knowledge of 

of erosion is used to design a 

for field use in 

stage of a 'VIC 

and 

repro ducing erosion effects of natural 

demonstra te the value of the 

arosi ve TV'\'w"' .... from 
to 

run-off 

and 

to 

the required 

accurately 
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a) indications of annual and variations in 

erosivity are 

b) from the of field erosion a first assess-

ment is made of the eff of some so il and crop 

The prototype rainfall s:imuJ.ator requires as a field 

instrument and The 

are a for ...... V.L ... A1U tho 

test plot, and for collecting the run-off from the test plot .. 

The are 

1) The the aroula ted 

rain, t:he run-off, and the soil 
4 

The best for a standard condition 

of soil 

stical tests of the reproaucibility 

of the 

a rui table, in all 

The "... ....... ,.,..." 

accuracy 

for field 

first 

the 

will be its results those of the 

by actua.lly using it on the field plots .. 

The indications SboVID of the effects of and 

and then in of 

which ~ll cover practical of each 

variable and s:> allow the assessment of all the interactionS:. 

be done on each of the s 

in and then vLN.v ...... to the other 

soils of Some care will be in 

the rainfall to other climatic regions .. 

The reported rainfall studies are relevant to central water-

shed of -which has a rainfall 

but before 

the erosive of rain in 

fall characteristics will be 

rainfall simulator ......... ,.., ... J" ..... "" 

SJme study of rain-

The lengthy sampling of 

size distribution may be avoided by ~.J""'l". the acoustic 

to test the 

from established 

detailed IS tudies be required.... 

Research using the simulator is a 1m required in other 

Measurements of rates are 

in 

management research, a nd the s tud;y of 



Univ
ers

ity
 of

 C
ap

e T
ow

n

6. 

8. 

:Bennett, McGraw Hill Co. 
New York and London, 1939. 

Lovvdermilk, w.o. "Conquest of Land through Seven Thousa.nd Yeara". 
U. S.D.A. Agric. Infor. No. 99, 1953. 

Vogt, w. to fI .. 1949. 

G. V. and R.O.Whyte. "Tne 0:;. the Earth." - 'Facer and 
London, 1939. 

Conservation.'. Prentice-Hall Inc., New 

V.L. lIOn the of s, 
2 : 3 and ~, p. 337~ 1953. 

men, T. -Elements of Tropical Soil n. !ilb.cmillan 
& Co., 1952. 

L.D. and "{fa ter Con-
3, pp .. 

9. Duly, F.L. and.M.F under 

10. 

, 11. 

12 .. 

13. 

DiTI'crent Soil Oonditions". Missouri Agric. Elcper" Sta. B.ull .. 
No. 

Run-off and 
533 - 536, 1937 • 

• 

• Ll.U,i:>OJI;:u...... Woo dburn. ''Rei n Simulator 
on Erosion and 1938". 

G.W. 
and 

Praotical Methods of 
Un. Part II, p. 515, 

No .. 36, 1940. 

2, pp. 

of the 
U. S.D.A." 

Studies in and Ero sian I~. 
I 21, pp. - 4J3, 1940. 

ELlison, W.D. of Raindrop EJ:u 
Mich. , 2nd 181 - 182., 1944. 

'15. Be.rmett, , F. G. Bell and B.D. Robinson. ''Raindrops and 

17:. 

Erosion". U. S.D.A.. Oirc. No .. 895, Sept. 1951. 

W .. H. ''Punch 
Agric. ]hgng. lflich. ~ 

Record Run-off and Soil Lo ss 
pp. 66~ - 666, 

Upon Site in 
I Wattle Research Institute 

Part II Research Institute 

Planta tions"'. 
for 1952-53 

r 1953"54. 

" 

of Periodicals. are those by the 
Bureau of Soil Science Bibliography~ 

.. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

" 

vo.n and Soil Erosion Tests, 
Agric. J. XX:4, pp. 

Bose, C. W. of SJil Factors on 
Detachment o.nd the Rate of Penetra tion into and 
the Theory of Moisture IIIIovements Caused by Temportc. ture 

Ph. Univ. 
pp. 28 ... 

Unpublished M.Sc. 

:Erosion".. (In 
Na t. • Agric. Sci. Series A 

1959. 

BrovJning, G.M., C.L~ 
Determining 
Practices in 

Pu.rish ahd J .A. "A Method for 
Use and Limi tat ion of Hota tion ::.nd Conserve. tion 

of Soil :Erosion in J. 
65 - 73, 1947. 

Zingg, Austin Vi. and L<.ngth of Land Slope as it Affects 
Soil Loss in Run-off". Engng. Mich. 21: 1940. 

U. "A Universal 

26. furst, 'Woodburn. liThe Effect of and 
Methods of Cultivation on Run-off and Erosion from Muskingum 

Loam". Vlich., 1942. 
W.D. tlScil - Parts I to VII. 

349, 402, 
28. Osborn, liIec.surements of Soil "'IJ~"",,"""'L to 

.. 

31 .. 

Ground CoverH. Wat. Conserv. 8: 1953. 
Lutz J.F. liThe Physico-Chemical Properties of Soils 

Soil Erosion". Missouri Elcp. Sta .. Res. Bull .. 
1934. 

Tech. Bull. , 1932. 
, 1934. 

and 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-291-

HudSJ n" N. W. "The De sign of Elcperimen ts on So il 
J. 2: 1957. 

33. 

34. Hudson, W. D.O. Jackson. Achieved in the MeasurSl'" 
ment of Erosion and Run-off in Southern Rhodesia ll • 

presented to the 'third Inter-African Conference, ...,0.. .... 0.._ 
November, 1959. 

36. Lewis, W.A. and 
Four Types of 
81: 449 - 458. 

"Investigation into the 
J. 

of 

37. 

39. 

41. 

45. 
46. 

47. 

48. 

49. 

itA of J. Roy. 
85: p. 419. 

Farbrother, H. "A Note on the Measurement of Intensi ty" .. 
Mr .. Agric .. J.. :82. October, 

J. 
Raindrops II .. 

TP-45). 

of 
709 

Gunn, and G. D. Kinz er .. Velocity of 
1949. 

Droplets 
in stagnant Air". J .. Met. 6: 243. 

Best" A.O. 

e, and J. 

!!Free Fall of Dropa Through Air". Trana. Amer. Hi tschfeldt 
Geophys .. Un. 32:::697. 1951 .. 

Schmidt, w. 
• 

Mache, H. 

Lenard, P. 
J. Roy. Met. 

Liznar, J .. 
(7): 

William Do 
London. 

Gunn, Ross. 

"Rain lt,. (Translated 
- 73. 19)5. 

19)9 • 

Zeit. 39:378, 19)4. 

Scott). 

Velocity of Zei t. 

liThe Terminal Velocity of Dropa". Frec" Fhya. 
40:167. 1928 .. 

R.}. and W. lvIarshaJ.l Jr .. "A tomisa tion by Oen trifugal 
Nozzles". Parts I and II. Ohem. 46:169, 

Neuberger, 
Met .. 

''No tes on lvleasure.ment 0 l' ... """ ..... I.J.u..I.vl es". 
274 .. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

52. 

56. 

58. 

60. 

63, 

.. 

66. 

68. 

69. 

an d D. B.. Harmon Jr. "MeaSlring Drop es in 
46:1455. 1954. 

D.Se. 

Marshall" J .. 8.., R.C. Lilngille, and VI. Palmer. 1~l1easurement of 
by J. Met. 4:186. 1947. 

es and of One-way 
Micro-wa ve Radio Conference on 
Propagation, washington, D.C .. 16th November, 1944 .. 

B:lgerton, 

"On Measurement of 
J. 10:66 - 67. 

''Rain l.n·cerlSl. by Radar". Me.t. 5:171. 1948 .. 
1 Size - Distribution a<ind. Radar 

Palmer. "Distribution of .I.""'-,J ... l.I.\J:..I.U with 
Met" 5:165. 1948 .. 

"Drop 
5:161.. 1948. 

and J.R.. Killian .. 

and Radar :Bbho of 

Ul tra .1""'I:')1.J..'.IJ"''-' Photograph" .. 2nd M" 
Eo 

Agric. 

sand 

Bodenverschlammungll 

Hellmut 

is held 
l<!n~''''N''' of Various 

>.JC<'".J...J. .. U)d, of Soils ll.) 

Veloci ty" .. 

and L.A. "A Research 
3. lll. state Water Survey, Met .. Lab. , 

1950. 

70. Best~ A.C. "The S:i ze Distribution of ..... i;:I. ................ v " 
Quart. J. Roy .. Met" 76:.. 1950. 

Ne~JI J.. IIDrop Size and Relative Ahsa Contribution in Rain" .. 
J.. Met.. 8: 205. 1951. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• Horton, Robert E. "Statistical Distribution of Drop 
The Occurence of Dominant Drop in • 
Geopbys. Un. 29* 1948. 

73. C.R., A.M. W.R. and R.J. "A .... v,:w. ........... 

for Determining the Size Distribution of Spr~ Droplet 
Eng. Progress 50114. 1954. 

Courshee, R.J. and E.S. Trickett. "11. Deposit 
Report No. 27, N.I • 

15· Liljedahl, L.A. and John 
Mich. 4016. 

76. Mason, B.J. and R. Ramanadham. Raindrop 
Spectrometer". Quart. J. Met. Soc. 191490. 1953. 

17 • Cunningham, Robert M. "Airborne Raindrop ~ Measurement and 
Instrumental ques". Conf. Resources. Ill. 

• 41. • 

78. of • Quart. J. 

79. Smith, L.G. flNew Method to Measure Raindrop Sizelt • Conf. on 
Wa.ter Res. Ill. State Water Survey, Bul. t299.~ Oct. • 

·4 

80. Katz, Isadore. 
from 

"A Momentum Disdrometer for Measureiilg ."Oo.J."''''J.,"'.I:' 

Bul. Am. Met. • 331365. 1952. 

81. for 
in 

82. Cooper, B 
Raindrop 
Aust. J. 

"A Balloon-Borne Instrument for Te1emetering 
Content of Clouds". 

83. 

in Met. 

84. Maulard, J. "Mesure du Nombre de Gouttes de P1me". J. Sci. 
de Met. 3169, 1951. 

85. del' bei 

86. , Quart. J. Roy. Met. Soc. 181242. 
1892. 

87. Hogan, T. W. "The Ground Recovery and Drop Spectra of Sprays 
from Two of Aust. J. • Res. 

21302 - 321. 

88. 

89. M~, K.R. "The Cascade Impactor I An Instrument for 
Coarse AerosoL '''. J. 221187. 1945. 

90. for Determining Rain-

91. J. of 
on Water Resources. 

, p. 293. 

"PIU"·,. No. 16. 
1951. 

of .L.a. • .L~"U. 

Ill. State 

92. Bean, A.G.M.s D.A. Weels. "Soil Capping by Water Drops". N.LA.E., 
No. 23. 1953. 

93. S. 
with F1uoresceinll • 

Release No. 1950. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

97. J. 
K. Akad. der Wiss. ~.1ath. l'faturw. 
pp. 

98. Defant, A. 
Math. 

99. 

100. 
Zeit 

101. Niederdorfer, E. "On the 
Met. 53 (1)=33 -

102. S. 

J. • Met. Soc. 

103. 

1957. 
, Dana W. "Fuel 

1937. 

107 • ill. 1 II • W • " A 
3: 1909. 

, G.L. and J.J. 
Engng. 

Davis, 

111. Atlas, 
J. 

V.N. 
Vol. XXII. 

114. E.G. 
J. Sci. 

• J. Hoy. 

Elliott. 

1 

itA 

Rains". 

K. 
1905. 

of Rain Drops". Met. 

of Rain Df.op Sizes!l. ., 
of 

on FH ter 

J. 

• As}'rn ( 

Infil tration 

• Amer. Soc. 

Method for Estimating 
Ent. 46 ( :696 - 698. 

a 

in 

Proc. Acad. Sci. 

Turner, J.S. a Function of 
Size". 

Spencer, A.T. and D.C. Blanchard. "A 
for Semi-Continuous Determination 

• Amer. • (5) 3 



Univ
ers

ity
 of

 C
ap

e T
ow

n

118. 

123. 

Monthly Review, 

L.D. 
Rainfall 

U.S.D.A., A ., S. & W.C.R. 
Report No. 81. 

of 

Report No. 
ject Cirrus. 1949. 

1948. 

and 

1940. 

for 
and a Study of 
cted Spray Nozzles tl • 

• & W. 

124. Rasbash, D.J. of uniform drop 
J. Sci. Instr. size a 

301 
, .R. "A Micro-burette for Producing Liquid 
of Known 

liThe 
241274. 

J. Sci. InDtr. 24: 1947. 
of of quid" • J. 

at 

• 

, E. "An for 
Controlled 
of 

R.C. 
duction of 
Sept. - Oct. 1960. 

R.H. end B 
Water 

Continuous 
• and Vet. 1:3. 

for Pro of 
• 27g944. 

130. Blancahrd, D.C. flA Method for the Production of Homogenous 

134. 

136. 

to 1 micron J. Colloid 

Harkins, W.D. and D.C. 
Determination of 

1916. 

1915. 

66. 

Wort~ington, A.M. "A study of 

Guthrie, F,. 
:444. 18 

"On 
• 

Drop for the 
J. Amer. Chern. Soc. 

for the 
J. Amer. 

of 

a Drop and Allied Phenomena". 
• 197. 

• Longmans, & Co .. 

of Drops". Proc. Roy. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

138. 

• 

140. 

142. 

144. 

• 

146. 

148. 

A.M. Proc. . 321 • 

and Perrot. "Etude sur Ie 
Poids des Gouttes Statiques Arch. Sci. 
Pbys. • 151118. 1 

and W.B. Tucker. in 
Highspeed 

B.M. Holt and J' .T. Cox. 
Motion Camera to Research 

c.u"-'-U'H of Liquids". J. Pbys. 
1936. 

V.N. Distribution of ALc>..J..U, ..... 

o Geopbys. Part I 21125. 
Part II 1114s323. 

, 
Bacte 

Lord. 
Soc. 71. 

T. 

E.L. 
• Bull. 

"An for Li 
in Counting 

Proc. Roy. 

"On the 
1879. 

on 

Second 

Drops, 
Cells and in 
86.198. 

.~ . 

Proc~ Roy. 

of 

and 

p. 

U.S.D.A. 

• Wicht, C .L. HImprovements in the of 

• 

151. 

• 

154. 

• van 

J.S. Afr. For. Assoc. No. 12, Dec. 

G.R. 
• 491 -

Movement 
1952 • 

les 

Engng. Mich. 

recueillies 
ques 

par un bassin a 
ster~opluviometriell. 

- 113. 

Ground". 

theorique 
- 106 et 

!fA Note on Multiple 
• Un. 26: • 11:216 - 8. 

Lyle 
on the 

of 

1945. 
of 



Univ
ers

ity
 of

 C
ap

e T
ow

n

160. 

Rigby, 
of 
J~ 

"A Method of Obtaining Average 
• J. Roy. Met •. 

Trajectories and 

liThe Effect of Wind Shear on 
J. Met. 121 1955. 

CHAPrER 1. 

, J .H. and L.D. Baver. 
J. Amer. Soc. Agron. 291708. 

the 
1937. 

, J.R. "The Effect of Degree of Slope and Rainfall 
Characteristics on ~.~,~". and Soil • U • 

• 280. 

, w. 
Sizes in Rainfall ". 
1908. 

of the 
Met. Zeit. 

163. , E. in 
in the Di 

164. Landsberg, and liOn the Frequency Distribution 

• 

of Sleet-Drop Amer. Met. Soc. 19: 1938. 

165. 

166. 

, W.J. 

B. 
u.S. Dept. 

of • McGraw • 1929· 
"Waterll. The 5 

Agriculture, p. 127. 
Intensity as a Measure of Storm 
• Soc. Amer. Proc. 1954. 

168. Dwight D. 
and its Relation to Erosion ". 
Un. 38131 • June 1957 (abstract). Full 
39&2,285 - 291. • 1958. 

169. Water Drop 
Collector for 69. 

170 Rorton, R.E. "The Physics of Thunderstorms". Trans. 

• 

Ge6phys. Un. :6:810 - 844. 1948. 

Ezekiel, M • 
Analysis". 

Methods ll • 

K.A. "Methods 
John Wiley & Sons, 

Distribution and Kinetic 
to 

, Tel Aviv, 

on. Iowa 



Univ
ers

ity
 of

 C
ap

e T
ow

n

174. Bisal, F. Size and Impact 
J. • 40, 

Splash and the Formation of Surface 
Impact". SoH Sci. • 5.261 -

176. "Erosion stics of Rainfall"" Agric. 

v/.H. ; 
Factors in 

'71447 - 449 and 455. July, 1960. 
D.D. Smith and 

Ilquation" • Agric. 
39181 " 1958. 

178. Lamb, J. Jr.; 

179· 

180. 

" ' 

Intensities". 
January, 1944. 

A • 

in as 
Jour. Amer. Sao. Agran. 

and Soil 

l'erosion 
II • 

"A New Oroclimatio Formula for 
of C • R. Acad. 

1959· 
• , J .M • and Erosi on" • A. Carlisle & 

186. 

188. 

Co. San Francisco. 1940. 
as a Criterion of 

.Amer. 27: 
H.E. "Properties of Soils which Influence Soil 

U.S.D.A. Tech. Bull. 178. 1930. 
e, T.C. 
to the £LllJUl 

2: 

of Erosion 
(Russian) Abstract 1947. 

for 

190. Niohikata, T. "Relation between Pbysico-
Chemical 
Bull. 

of 2.11 

"An Experiment on Erodibility 
• Soc. 341113 - 117. • 

and of its 
summar.!). Pedology P. Abstract 

and • 10:41. 1947. 

• 
" 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 

• 

• 

205. 

206. 

Aldcrman9 J 
Eng:ng. 

Chorley, R.J. 
J. 

Eisal, Frederick. 
Studies". 

Woodburn, Russell. 
Detachment by 
1948. 

McIntyre, D.S. 
Formed by 
April 1958. 

Woodburn, R. 
of a Group 
37:6:749· 

, G.R. 
Soil Sci. 

Soil ];rosion". 
Summary in Diss. 

, C. Vi. 
91:1:49 - 54. 

in Transporting 
1947. 

rrr • A. 9 R • Yl • 
'Moisture Index from 

~ Vlntershed Tech', Res. 

, J.L. and S.F. Ursie. 
J. 

of Splash 
ch. 31: 621. 

of Structural 

for 
1950. 

Agric Engng. 

Measurements of Soils 
• Sci. .4~ 

a Factor in Soil 
11:68 - 70. 

Splash as a 
Ph.D. Thesis. Cornell 

III. 1958. 
Structure". . , 

r Drop Impact as a 
Sci. Soc. Amer. Proe. 

1 

and VI' .G. Knisel. "Antecedent 
Res. Report 

1958. 
a Function of Moisture 

:21651 - 654. 

CHAPTER 12. 

, G.Vi. 
to the Control of 
J'. Amer. Soc. 

R.J. Muckenhirn. 
Soils haviIl€ Different 

• Agron. 33:1028 -

in Relation 

on a Deter­
on Some Major 

Pt. 2, 9. 345, 1937. 
Rates of 

Characteristics" • 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 

215· 

-300-

M.B. the Intake oflYater into the 
J. Soil Wat. Conserve 7:2:79. 1952. 

J.T. L.F. and D.G. 
Determine the Intake Characteristics of 

Irrigated U.S.D.A., A.R.S. - 7. 1956. 

and F.D. son. "The Construction and 

filtration 
Soils" • 

Relation to 

for the Mo~surement of of 
and 

in Soil its 
• Amer. Geophyso Un. 

L\.VJ.UID."', H. Soil Sci. 
Soc. Amer. 

of the 
• Amer. Proc. 

Plots". 

Ell 

for Run-off 
• 1958. 

ator" • Agric. 

219. Goodman, Louis J • in Engineering Works". Agric. 
• Mioh. 

J .K. and If.B. 
Simulato 

221. Ballal, D.K. and R.P. 
Simulator, 

ditions and 

Sci. Soc. Amer. 

224. Osborn, Ben. 
Cover on 

225. ,and A.W. Zingg. 
Soil Conserve Nov. 1 

Barnes, O.F. and 
J. 491 

227. McCal1a~ T.M. 
Soil Structure". 

Rai, K.D. 1 VI 
Factors that 

• Soc. Amer. 

"A 

Studies a 
2: 173 

Studies by a 
, Moisture Con­
J. ~Vat. 

Erosion and on 
U.S.D.A., S.C.S. Mimeo'd 

"Some 
the Erosion 

1 

Infilt 

of 
) Nov. 1950. 

Method Determining of 
Sci. 581 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1945. 
230. H. 

J. Soil Sci. 7:1:68 - 74. 

and 

for 
1956. 

Soils" by 

in 

in Iowa • Call. 

Soils." 

-IJ . .LH1L.u..3,tor Infil trometer 
Soil • Soc. 

• 

239. 

Surmach, G.P. 
of Soil 
I.A.S.H. 

Lowdermilk, W.C. 
Fercolation and 

Nichols, M.L. and H.D. 
Agric. Mich. 

Beutner, 

T.P. -

241. Borst, H.L. and 
wi th the 

S.C.S. Insorvice 

244. 

245. 

R. 9 
ication and 

FA ani F 
and Range 

247. C.F. and M 

J. For. 

in the Study 
.G.G. -

, p. 

on Run-off, 
1474. 1930. 

"A Mtthod of 
1932. 

of the of Slope on 
.. 45:349 • • 

and Erosion from Plots 
• 48;505. 1934. 

of Artificial 
• (Mimeographed) 

from a 

Plot 

U.S.D.A. - S.c.s. -

"Contour Cultivation 
Conserve 5:12. 1939. 

in 
Colorado, 

Bert C. 

Manual" • U.S.D.A. -



Univ
ers

ity
 of

 C
ap

e T
ow

n

254. 

256. 

• 

262. 

2 

• 

266. 

of Run-off 
24:487. 1943. 

and H.N. Holton. 
of Sprinkled-Plot 

cf Control-Plots 
!",r,,,,",,,,,,. Un. 

of 

, C.H. Interpretation of Infiltration Values 
in Forest Areas Obtained with 

Sci. • Amer. Proc • . 
rs 

in Colorado and New 
6:202. • 

E.H. and L 
Recommondations for 

Allotments, 

No.1. U. S.D .1: ... 
• No.1. 

F and Type FA 

from 
Soil Watt Conserve 

condi tions and 
Lower Elk 

Colorado" • 

North 
Pub. 

ru1d Oporation of Rocky Mountain In-
5, U.S.D.A. 

Collins, Colorado. 

for Run-off • 

Woodruff, C.M. in Relation to 
Plot". 

, Crop Cover and 
Sci. Soc. Amer. 

12s475. 
Craddock, G.W. and C.K. 

Granitic Mountain Soils 
Soil 
Cire • 

D.B. and Shaehori, 11..Y. 
Control 

, T.C. and O.W. 
Infil tration 
Amer. 

for tho 
• Un. 22: 

Run-off and Erosion on 
Influenced by Cover, 

U .D.A. 

"Design Rain -.lid in 
Mich. 38:10:740. 1957. 

of 
('1 • 

0C1. 

of Infilt 

1952. 

Domingo. "RoducirJg the Error in 
by of Buffer J. Amer. Soc. 

- 605. 
, T.J. and G.B. "The Effect of 

Water in Soil on Infi! tration Measurements". 
Ros. 1: 

d'une 
, pp. 79 -99. 1934. 

ral Movement 
. Aust. J. 

sol 
Sci. 

• 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 

• 

Musgrave, G.W. 
ed to 

34:288 - 290. 

Burghy, H.R. and 
Types of 

37121189. 

the Fonn 
of the 

"Notes on Sub-surface Lateral Movement of Water 
Areas II. J. Soc. Agron. 

liThe of Infil t of Water in 
.1~er. Geophys. Un. 18t - 8. 

"Some Fundamental in Irrigationll. 
of Commonwealth Hes. Stn. N.S.W., 

• Un. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

M ::: 

M := a. 
p 

ratio 

IlfD!I!IX 3 .. 

d. ::: 

4.M := tilAd. + -l! Ap 
~d - )p 

~ .. d. + tl!.p 
~d. ~p 

(~)2 var.(d.) _ + 

~ :: ; 

2 
Puts = ~ 

or J( +..L (v. ~ !a\ - 'j:p2S2 -. ~Vd. - V
Vdp

2
) 

i-a; \. v ,"" -,(i-g) p p 

_~"",I. 18 -ecp.atian. 

"'. " '~r 

'. ,~<' 

\ 

/ 



Univ
ers

ity
 of

 C
ap

e T
ow

n

'. ""'\ \ 
.\ , . 

2 
g :II t Vp , where g 

p2 
ecpa:tica DIllY be simplified to 

K ~ tfi 
=~ fd + Op - 2WdpJ 

p 

In the present .calibration g decreases from 2 .. 5 :It 10-3 

for tha to 4..03 :It 10-5 the largest drop and 

. simplified equatim bas 'tieen used throughout .. 

. ' . 

. \ 

,;': 



Univ
ers

ity
 of

 C
ap

e T
ow

n
1) 

2) 

( 8) 

I X 

Average Intensity ( 10.I) Momentum ( 

( ) 

0.13 o. 
0.81 0.9395 
0.82 ~ 0.9138 
1 1.0601 t/ 

1 .. 20 1.0192 
1.30 1. 
1.43 1. 

1. 
1. 

1. 1.2095 
1 1.2612 
2 .. 13 1.3284 1194 

22 1. 1166 
2.19 1. 1385 

1 1 
3. 1.4997 
2 1.4249 
3.31 1. , 

.L 

2.17 1. 1485 
3·44 1. 1643 
3.11 1.5011 1501 
3.80 1.5198 

regression 
2 1.001463 o. x "" r 

LY 2 1. b 1. :::: 

'i '" 1. a ::: ·1.484845 
y 1. X + 1.484845 

MVA .538 IA1.15835 (IA 10 I 

.2 
J. 

~ 5,903,OQ4 
E mv.i:::: 10, .52 

of 

s.s. from eqn. 
S .S. from eqn. 

x 

r 

b = 541.04 
a .91 

Y 

MVA) 

2. 
2. 
2·5391 
2.1143 

2. 
2 
2.9020 
2.9165 
2.9365 
3 
3. 
3. 
3.2122 
3.2201 
3.1161 
3.2106 

logs 
) 

( ) 

) 
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<;' 
"-

::::: 4,024 r == 989 
2 ,942 b .882 'i.y '" 

z:x::f ::: 200,732 a 145 

y 49.882 X + (X 10 
MV

A 498.82 I + -2/ x 10 em 2 (8-3) 
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APPENDIX 4. 

(Chapter 8) 

1) Low (0 - 4 ins./hr.) 

2) 

at 

5, 
541.04 I -

004 

.97 
2.. mi 

M => 

High range int 
~ .2 40 
L. 1 == • 

M 

Pooled data, whole 
'c .• 2 _ 202 

4_ 1 - • 

(3 - 9 ins ./hr. ) 
"'. 2 8 ~ m = 10,25 ,942 

I + 145.15 

range 

::: 

M :::: .1 I -

_ 2 
Lm 

5,903,004 

10,258,942 

E mi 

n '" 22 

(8-2) 

.2 n:= 28 

(8-3) 

1.684 

9·451 
8.686 

30.091 

9.142 

equations for high and low range are not significantly di 

other. 

3. Efficioncy 

F '" 

2 

improved efficiency of the 

or a single combined e 

,48 @ 5% is 3.19 

is not quite 
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I X Y 

10 I K 

o. 64 1 
0.9395 118 2.0719 
0.9138 119 2.0756 
1.0607 185 1.1672 
1. 1.2833 

1. 1. 
1. 1.1553 "4 

1. 1.1875 213 2. 
1. 1.2148 280 2.4472 
1. 1 .. 2.4669 
1.85 1. 2.4814 
2.13 1. 494 2.6937 
2.22 1. 458 2.6609 
2. 1.4456 516 2. 
2. 1.4728 618 2.7910 
3. 1 .. 4997 678 2.8312 
2.66 1 608 2.7839 
3.37 1 
2.77 1.4425 
3. 1.5366 2. 
3 1·5011 531 2 
3 1.5798 882 2.9455 

1) 

1 r .. 0.970 
2 1.835836 b 1.30945 'ly :::: :::: 

?:.X:Y 1.319223 a 0.85139 
y 1..30945 X + 

7 IA 1. (IA 
:: 10 I) 

::: 144.819 ergs/cm2/sec. 

2) 

19- r o. 
L ,003 b = 221. 

ei 262.29 a ;::: 

::::: 221.8 I - .8 

3) Analysis of variance. 

dual S.S. 89,927 l Not 
dual S.S. from regression 
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( 8) 

KllOOIC ENERGY (A FORNI) AND INTENSITY 

x Y 
Intensity 

(ins/hr x 10) 
Kinetic Ener~ 
(ergs/ cm2 / sec 

36 885 

40 880 

48 

1158 

49 1028 

52 1056 

48 963 

45 840 

53 1070 

1130 

57 1150 

60 1192 
66 1300 

11 
1618 

80 

90 1110 

41 

44 
880 

50 1060 

1070 

1325 

'> L_ := 4,024 r == o. 
2 1, b 18.91 '2-:;r 

L =:: 1, .5 a == 71 
Y ;::: 18. x+ .71 

KEA = 189.1 I + • 
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• 1) Low 

l 

2) 

Pooled 

1 Low range 

2 High range 

3 
4 
5 
6 

7 
8 

Test 1) 

df' 

21 

48 

49 

F 

-311-

( 8) 

(0 - 4 ) 

:::: 1,022, ei = 

KEA ::: .797 I - 66. 

(3 - 9 ) 

whole range • 

• 93 Ee2 
c 9, 271 ~ ei '" 42, 

'" 7 I -

.,,2 
2:. ei ~ 

Reg. 
<- ~ Coef. 

1,022,033 
40. 7,682 1, 

,944 2,643,158 

202. 9, ,271 210.7 
2 

in 

::::: ::::: 2.50 N.S. @ 4. 

2) Difference elevation 

The 

F ::::: = 1.46 N • 

for high low range are not 

of 2 separate equations or a 

F = 10.059 ::::: 1.92 N • 
5.240 
efficiency two 

,48 @ 

is not 

( 

M.S. 

76.942 3.841 

.496 5.240 
20.119 10.059 

• 
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<0:-
"-

y 

(gm. ) 

0.) 
0.3 

.9 
1 
1 
1.2 
1.6 
1.6 
2.0 
2.2 
2. 
2 
3.0 
3.1 
4.0 
4.6 
5.9 
7 .. 0 

11.2 
.5 
.6 

3.6 
3.8 
5.2 
9 Q ./ 

5·4 
.4 
.7 

7.0 
14.8 
17·5 

833. 

~ 
(K.E 1) 

( 

x 103/cm2 

~ 

::::t 

28 

16 
88 

99 
113 

457 
407 
795 

211 
364 
218 
304 
697 

815 
913 

2 

x1Y 

0 

1, 

y ::::: 0186 

of intercept 

for t :::: 

t "" 

regres 

11) 

,969 

·9 

+ 0.645 

+ 432 

(K.E.> 1) with wind 

ergs x 103/cm2 

2 
x2 · 

"2-x~ 

(r := 

(r ::::t 

which is 

31 

40 
69 

97 
108 

550 
800 

224 
423 

824 
952 

2,286,880 

42, 

o. ) 

o. 

7 

c 2 @ 5%, 2.76 @ 1~) 

not significant. 

is not 
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n) 

218 227 
304 371 

438 697 894 
300 
502 
670 952 

z:y 2 853 '7 1,912, ::[ 
2 2, ,668 <-

x1Y . 1, 798 ~ 1,207,560 

Y c:: 0.612 + 22.96 (r c:: o. 9) 

y :::: o. X2 + 21- (r ::::: 0 ) 

of 

for t :::: == 1. not ( '" 2 @ 5%) 

for X2 t 21.2;;l :::: 1.42 not 
14.96 

Difference coeffici not 
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LY 2 86, 2. ,670 xy 

y ::::: 0.608X - 3.90 (inches x 100) r "" O. 

or Y ::;; 0.61 X - 0.04 (inches) 
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(1961/62) 
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Y 

soil loss 

(lb.) 

4.0 
1.2 
0·7 
0.5 
1.3 

3 
16.7 
17.6 
0.8 

13.7 
.6 

3.4 
6.1 
4.0 

.2 
5 

.5 
21 
11 
30.7 
29·2 
48.2 

>-.-

z.:xy 

~ 

11) 

y b X + a 

. (soil loss in Ib) (K.E. 1)' 

X . 
(K.El. > 1) 

ergs x 103/cm 

304 
264 

148 

204 
884 

90 

29 
488 

47 
285 

,754.08 

,195.4 
2 15,030 

.y 

== 

:::: 

Y + f ( 

Y + f ( 

Y1 

of run-off) 

loss corrected soil 
2 

of for 
run-off (lb.) 

.0 
8.7 

64.6 
4.4 
1.1 

.0 
100.0 

1.3 
.5 

6.5 
·7 
.2 

43.2 

LX 
2 2,423, i. 

2 

~: 187, .1 ~ 

0.0830 X - 2.6 (r == O. 

0 X - 1.0 (r '" o. 

8.7 
66.6 
7.4 
3.1 

.. 0 
99.0 
1.0 

·5 

4.5 
.2 
.7 
.2 

153, .1 

187,488;1 

) 
) 

0.0774 X - 0.1 (r :::: 0.982) 
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