
Predicting 
where soil will 
erode 
Soil erosion by water is a 
massive problem of 
agricultura l land world-wide. 
In Australia , it affects more 
than 200 000 sq. km of 
cropping country. 

Wagga Wagga. N.S.W., 
fu nded by the National Soi l 
Conservation Progr~m. 

The Austra li;m Water 
Research Advisory Council is 
also providing money for a 
study, being carried ou t in 
collaboration with the Soil 
Conserva tion Service of New 
South Wales. the Sydney 
Water Board. and Melbourne 
University, of erosion 

The method can predict where soil wil.l erode. 

The problem is usua lly 
tackled , if at ttll , by patching 
up the worst-eroded sites. 
Prevention would obviously be 
much more desirable, but cost 
genera lly rules out measures 
that treat the en tire landscape. 

Dr lan Moore and Dr 
Gordon Burch, of the CSIRO 

Divhion of Water and Land 
Resources, now believe they 
can offer a tool that will make 
the job of erosion prevention 
and mitigation much more 
efficient. They have developed 
a mathematical mode l that can 
be used to pin-point regions 
predisposed to erosion. All 
that one needs are a contour 
map, a knowledge of soi l 
types. and records of rainfall 
intensity. 

The scientists h;we collfirm
ed. on a number of sites. that 
their model mirrors what 
actually happens and arc now 
refi ning it (taking account of 
factors like vegetation cover) 
in a program of field work at 

susceptibility in the 
Warragamba catchment. near 
Goulburn , N.S.W. 

Since the method is 
universl•lly applicable . the 
resea rchers are keen to see the 
technique used widely 
overseas as well as in Australia. 

An empirical equati on has 
been developed in the United 
States, known as the Uni versal 
Soil Loss Equation. based on 
decades of study of ma ny 
un iform ly sloped test plots . 
tilled and cropped. 
Unfortu nately , thi~ equai ion is 
unreliable when it is appl ied to 
long and/or steep slopes and to 
converging or divergi ng land 
surfaces. 

The difficulty arises from 
the way water nows over the 
surface of real hills and gull ies. 
Instead of a uniform 
t wo-dirnensiona I now, we 
have water spreading out or 
divergi ng as it moves 
downslope from ridge sections 
of an actual three-d imensional 

surface. and converging in 
valley sections. This 
convergence or divergence of 
now, caused by the shape of 
the land surface. greatly 
innuences the amount of 
erosion or deposit ion tha t will 
occur. 

lllC beauty of the new 
model is that it allows for this 
effect of topography. It applies 
to the erosion problem a 
hydrological model developed 
by Dr Emmett O'Lough li n of 
the Division for studies of 
water run-off in catchments. 
1l1c scheme ca lcula tes , for any 
poin t in the landscape , the 
tota l llowover it resu lting from 
all contributions from higher 
ground, assuming a constant 
run-off rate. In gullies. 
na turally, this now wi ll be 
accentuated: ovcrcrests it will 
diminish . 

The abi lity of water nowing 
over the land surface to 
transport sediment depends on 
the strength of the now 
(ma thematically called unit 
stream power) and on the size 
oft he soil particles over which 
the stream flows . Fine si lt is 
easier to sh ift than coarse 
gravel: in fact. theory pred icts 
that sediment transport wi ll 
increase tenfold if the med ian 
particle size fa lls from 0·3 mm 
toO· ! mm. 

If nowing water carrying 
sed iment slows down (un it 
stream power decreases), 
sed iment wi ll be deposited; if 
it speeds up (due to an incre<~se 
in the slope of the land) further 
erosion will occur, increasing 
the sediment load. 1l1ere's a 
critical balance between the 
sediment load and the 
dissipation of energy in the 
system. 

The phenomenon whereby 
uni form sheet llow transforms 
itself to a flow pattern 
dominated by rivulets is called 
ri lling. 1l1e water flowing in a 

rill generall y has a greater 
sedime nt-transport capaci ty 
th;m water flowi ng as a 
uniform sheet. 

The method makes clear the 
importance of ri lls in causing 
erosion. Where now 

converges, or land slope 
increases. rills often develop 
and concentrate overland 
now. which increases now 
depth and speed. The ensuing 
increase in the unit stream 
power leads to erosion. 1 n a 
simi lt~r way, identifying where 
flow diverges (or land slope 
decreases) and rilling ends 
allows areas of sed iment 
deposi tion to be predicted. 

The scientists have 
examined data derived from a 

number of soi Is and slopes and 
obtained very good 
correspondence bet ween 1 he 
data and theoretical 
predictions. 

At Wagga Wagga , the Soi l 
Conservation Service of New 
South Wales has been 
mon itoring the run-off and 
sediment yield of two 7-ha 
catchments. One has been 
treated with contour furrows. 
whi le the other remains 
untreated. The annual 
sediment yield from the latter 
<tverages 2200 kg per ha , and 
that from th~ former 32 kg per 
ha. 

Applying the prediction 
method to the untreated 
catchment produced the 
diagram shown. The scientists 
assumed a ru n-off of 10 mm 

per hour - rcpre~en tativc of 
soil-damaging heavy storms 
expected several times a year 
in the area. The purple and 
orange sites are those where 
high erosion rates can be 
expected and, indeed , they 
correspond wit h areas where 
severe gully and sheet erosion 
has been observed. 

Note that areas of 
deposition (green) and erosion 
occur in close proximity to 
each other. Erosion occurs 
where the local land slope 
increases or the now 
concent rates, and deposition 
occurs where the slope 
decreases or the Oow diverges. 
While people may be able to 
look at a landscape and say 
off-hand that erosion is li ke ly 
in a depression area where the 
llowconverges (that is, a gully 
forms), they would seldom be 
able to point to where erosion 
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A computer plot of the Wagga Wagga catchment. TI1e most 
severe erosion can be expected in the purple areas and maximum 
sediment deposition in the dark green areas. 

and deposition are likely to 
occur elsewhere in the 
landscape. 

The modelling method has 
also been applied to the 
contour-furrowed catchment. 
Pleasingly, the resu lt gives a 
sediment-transport figure th:u 
is in accord with the measured 
one. 

Potential users of the 
prediction scheme need I<) 

assemble a number of pieces of 
information. First, they 
require a digitised version of a 
topographical map wi th a 
contour spacing of 1- 5 m . 
depending on the size of the 
a rea covered. A second 
requirement is knowledge of 
the size of the soirs constituen t 
particles, and of some simple 
soil hydraulic properties. 
Fina lly. figures for the 
intensity and frequency of 
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rainstorms complete the set of 
variables. 

Andrew Bell 

Sediment transport capacity of 
sheet and rill flow: 
application of unit stream 
power i heory. l. D. Moore 
and G .J . Burch. Water 
Resources Research. 1986, 
22 (in press). 

Physical basis o f the 
length-slope factor in the 
Universal Soil Loss 
Equation. !.D. Moor.: <1ntl 
G .J . Burch. Soil Science 
Society of A me rica Journal, 
1986. 50 (in press). 

Comment on 'Soil Erosion 
Class and Landscape 
Position'. J. D. Moore,G.J . 
Burch, and E.M. 
o·Loughlin. Soil Science 
Society of America Jounw/, 
1986, 50 (in press) . 


