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Hillslope Erosion by 
Horton Overland Flow

Along-slope augmentation of irregular “sheet” of 
overland flow
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Rainsplash and sheetflow
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ghsrt =Define each variable for yourself to get engaged
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Shear stress (� , force per unit area) imposed by 
sheetflow on soil surface increases with distance 
downslope (x or A/w �L�I���W�K�H���K�L�O�O�V�O�R�S�H���L�V���F�R�Q�Y�H�U�J�L�Q�J)

[ ] 6.07.06.06.0
cw xsnfIg -= rt

ttttttttIf the soil has a shear resistance � c, the distance at which 
this resistance will be exceeded is:
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xc is the length of the “belt of no sheetwash erosion”.  
Check its controls and management options

Belt of no sheetwash erosion

xc

x increasing, qs increasing or decreasing with shear stress 
(depth*slope)

Sheetwash
Eroding

Eroding or depositing

�5�D�L�Q�V�S�O�D�V�K���5�D�L�Q�V�S�O�D�V�K���5�D�L�Q�V�S�O�D�V�K���5�D�L�Q�V�S�O�D�V�K��
���P�L�Q�R�U�����P�L�Q�R�U�����P�L�Q�R�U�����P�L�Q�R�U��
�V�K�H�H�W�Z�D�V�K�V�K�H�H�W�Z�D�V�K�V�K�H�H�W�Z�D�V�K�V�K�H�H�W�Z�D�V�K

�6�R�����J�H�Q�H�U�D�O���V�W�U�D�W�H�J�\���I�R�U���U�H�G�X�F�L�Q�J���H�U�R�V�L�R�Q��
�L�V���W�R���N�H�H�S��� ����� �F�R�U��x ����x�F�E�\�¹��
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�7�K�L�Q�N���W�K�U�R�X�J�K���G�L�V�F�X�V�V��
�F�R�Q�V�H�U�Y�D�W�L�R�Q���R�S�W�L�R�Q�V���I�R�U��
�D�F�F�R�P�S�O�L�V�K�L�Q�J���H�D�F�K���R�I��
�W�K�H�V�H

Raindrop and sheetflow interaction

• Interact continually along the 
slope

• At top of hill, flow shallow, 
raindrop impact strong

• As runoff depth increases 
downslope, raindrop impact 
becomes relatively less 
important, but continues to 
disturb the flow and accelerate 
erosion
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Beyond xc, sediment transport rate, qs, is some 
nonlinear function of shear stress or runoff rate.

E.g. my experiments with rainfall-impacted flow in 
Kenya yielded:

(((( ))))C22

s
Eq ----==== tttt

E = erodibility of soil (calibrated from the experiments)

C = vegetation cover (0 – 1.0) 

Remember (from notes on sheetwash mechanics), � = � ghs

Rainfall simulator
6 m x 2.5 m x 5 m

qs = f(C,h,s) Conceptual model 
of processes as 
affected by 
landscape 
characteristics.

Based on 
observations and 
physical reasoning.

Analytical theory of 
processes, their controls 
and inter-relations, 
expressed 
mathematically.

Too complex to 
parameterize for 
predictions/explanations.

Computational model of 
effects of processes and 
controls. Used for design 
or decision-making.

Heavily parameterized to 
the point where 
representation of 
observable physical 
relationships is unclear, 
and cause-effect subject 
to a range of 
interpretation.

A B C

Use and interpretation of analytical models of 
watershed behavior

�5�H�P�H�P�E�H�U
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Prediction of 
Water Erosion or 
“Sediment Loss”

Sediment budget view of erosion The Universal Soil Loss Equation (USLE)
(for ungullied water erosion only)

A  =  RKLSCP

A = average annual ‘soil loss’ (t/ac/yr or t/ha/yr)

R = average annual rainfall erosivity factor (hundr eds of ft-tons ac -1 yr -1)

K = soil erodibility factor (ton ac -1 /[ft-ton ac -1 ])

L = slope length factor (dimensionless)

S = slope steepness factor (dimensionless)

C = cover-management factor (dimensionless)

P = support practice factor (dimensionless)

�8�6�/�(���K�D�V���E�H�H�Q���H�[�W�H�Q�G�H�G���E�\���8�6�'�$���I�R�U��
�X�V�H���E�H�\�R�Q�G���D�J�U�L�F�X�O�W�X�U�D�O���O�D�Q�G�V�����J�U�D�]�L�Q�J����

�F�R�Q�V�W�U�X�F�W�L�R�Q���V�L�W�H�V�����U�R�D�G�V�����D�Q�G���Q�R�Z���F�D�O�O�H�G��
�5�5�5�5���H�Y�L�V�H�G���8�6�/�(�8�6�/�(�8�6�/�(�8�6�/�(

�µ �6�H�H
http://fargo.nserl.purdue.edu/rusle2_dataweb                    

�I�R�U���G�H�V�F�U�L�S�W�L�R�Q���D�Q�G���D���F�D�O�F�X�O�D�W�R�U

Derivatives and descendants of the USLE

• RUSLE
• AGNPS
• ANSWERS, etc.
• Process-based alternatives , but subject to similar 

limitations, e.g WEPP 
http://topsoil.nserl.purdue.edu/nserlweb/weppmain/wepp.html

• EUROSIM

Can research them, along with instructions for ‘use’ through the Web
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The Universal Soil Loss Equation (USLE)
(for ungullied water erosion only)

A  =  RKLSCP

• R represents the kinetic energy of rainfall: measur ed locally from 
rainfall intensity, estimated from regression equat ions, or from
maps.

• K is estimated from soil properties, but is the Ach illes heel of the 
method

• L, S are obtained from a graph published from plots  experiments 
in the 1950s (for planar, concave, and convex slope s)

• C, P are tabulated for a great variety of crop syst ems, soil tillage 
operations, surface conditions, etc.

The Universal Soil Loss Equation (USLE)
(for ungullied water erosion only)

• I can only describe the interpretations of USLE predictions as ‘weird’, though 
everybody else seems to be comfortable with them

• The methodology developed originally as a multiple regression with the independent 
variable being ‘soil loss from plots’; i.e. soil that left the lower end of plots

• So, to me the equation must be trying to predict the soil transported off the lower end 
of plots --- hillslopes of various lengths

• But the general interpretation nowadays is that USLE predicts only ‘soil mobilization’
and not loss from entire fields or hillslopes.

• I don’t really know what ‘soil mobilization’ is unless it is transport from a 
hillslope/field/plot.

• So, there is some widespread fuzzy interpretation going on to explain the fact that 
USLE usually predicts much higher erosion rates than catchment sediment yields.  

• But the discrepancy is probably in the fact indicated on the previous flow diagram that 
there are many sites starting at the bottom of concave hillslope profiles where soil that 
has been mobilized upslope can be re-deposited on lower gradients or in thicker 
vegetation or where runoff water infiltrates.

Mean annual rainfall erosivity factor, R in 
USLE

Soil erodibility 
factor, K, in USLE 

for mid-western US 
agricultural soils
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Estimation of soil erodibility, K, from texture, org. matter, 
permeability

Wischmeier et al., 1971, J. Soil & Water Conservation

The Universal Soil Loss Equation (USLE) is a 
planning tool, rather than an accurate predictor

Instructions for application and estimation of para meters in:

T. Dunne and L.B. Leopold (1978) Water in Environme ntal Planning, W.H. 
Freeman Co., San Francisco, 808 pp. (pdf on website )

Fuller documentation in

Renard, K.G. et al. (1997) Predicting soil erosion by water: a guide to 
conservation planning with the Revised Universal So il Erosion Equation 
(RUSLE); US Dept. Agric. Agriculture Handbook 703, 404 pp.

http://bioengr.ag.utk.edu/rusle2/

The Universal Soil Loss Equation (USLE) is a 
planning tool, rather than an accurate predictor

• Originally calibrated by statistical analysis of soil loss 
from agricultural plots in the Midwest

• Extended to rangelands, forests, rural roads and 
construction sites on basis of very sparse field data, 
laboratory experimental data, and ‘consensus 
building’ through sharing of experienced opinion in 
workshops 

• Tested in a few places; results not accurate, but 
surprisingly good (not misleading)

Test of USLE 
predictions 

against 
watershed 

sediment yields, 
Kenya

[TD data]
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Application: Will the increase in the price of fuel 
accelerate charcoal production and erosion in Kenya?

Kenya Ministry of Energy & Beijer Institute, Sweden (1982)

Estimating erosion in the field by classification 
of soil surface condition

�5�D�S�L�G���V�X�U�Y�H�\���W�H�F�K�Q�L�T�X�H���W�R���J�H�W���D���K�D�Q�G�O�H���R�Q���U�H�D�O�L�W�\�����E�X�W���F�D�Q�¬�W���G�R���W�K�L�V���I�R�U�������������������N�P��

�7�R���J�H�Q�H�U�D�O�L�]�H���H�P�S�L�U�L�F�D�O���I�L�Q�G�L�Q�J�V�����,���X�V�H�G���8�6�/�(���W�R���S�U�H�G�L�F�W��
�V�S�D�W�L�D�O���S�D�W�W�H�U�Q�V���R�I���D�Q���L�Q�G�H�[���R�I���H�U�R�V�L�R�Q���D�Q�G���W�R���H�[�D�P�L�Q�H��

�W�K�H���S�R�W�H�Q�W�L�D�O���H�I�I�H�F�W�V���R�I���Y�D�U�L�R�X�V���V�F�H�Q�D�U�L�R�V

�µ �'�L�Y�L�G�H���.�H�Q�\�D���L�Q�W�R���������[���������N�P���V�T�X�D�U�H�V���D�Q�G���D�F�F�X�P�X�O�D�W�H���W�K�H��
�I�D�F�W�R�U�V���I�R�U���W�K�H���8�6�/�(���I�R�U���¯�D�Y�H�U�D�J�H���F�R�Q�G�L�W�L�R�Q�V�° �L�Q���H�D�F�K���V�T�X�D�U�H

Estimation of the 
R for  Kenya 

rainfall regions
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R in the USLE is the 
total annual kinetic 
energy of rainfall 

Rainfall kinetic 
energy related to 

mean annual rainfall, 
Kenya

�7�����5�����0�R�R�U�H�����0�F�*�L�O�O���8�Q�L�Y�H�U�V�L�W�\

Seasonal variation 
of intense rainfalls, 

for regions of Kenya

To estimate C 
factor

for woodlands

Wood canopy 
cover, Kenya

Crop factors, C , 
for tree and bush 

cover
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To estimate C-
factor for 

cultivated lands
and grasslands

Cultivation 
pattern, Kenya

Seasonal variation of 
ground cover density 
in regions of Kenya

L and S-factors

Kenya, 
average slope 

regions measured 
from topographic 

maps

Could now do it 
automatically from NASA-

SRTM digital elevation 
models

USLE prediction of 
soil erosion rates, 

Kenya
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Erosion from reducing 
canopy (%) of woody plants 

+/- grazing

Trajectories of 
erosion after 

bush clearing for 
charcoal

Prediction of effect of 
deforestation on 

erosion rates for fields 
in a wet, steep region, 

Kenya

Prediction of 
erosion rates 

following 
deforestation, with 

and w/o soil 

conservation
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Contaminant loading models 
(used in TMDLs)

• Used to estimate the yield of a  contaminant per unit 
area of a particular land cover (e.g. low-density 
suburban land; high-density commercial land)

• For each land cover a coefficient is assigned to the 
yield of each constituent per year , or a discharge-
weighted average concentration is given, which can 
be multiplied by the predicted surface runoff to obtain 
a mass of contaminant for any time period

Urban hillslope 
surfaces

Hillslope erosion usually 
called pollutant washoff

Urban watersheds
Usual method of predicting contaminant loading by overland flow is 

to compute runoff and multiply by an average concentration (or 
‘loading coefficient’)

Chemistry of typical urban runoff

Maidment, D.R. (ed) Handbook of Hydrology (1993)

�(�0�&��� ���H�Y�H�Q�W���P�H�D�Q��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q
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Stormflow 
contaminants, 
various studies

Stormflow contaminants, various So. Cal. studies

Stormflow
contaminants, 
various studies

Stormflow contaminants, various So. Cal. studies
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Chemistry of urban runoff

Maidment, D.R. (ed) Handbook of Hydrology (1993)
NURP sampled 81 catchments 
in 22 US cities

Chemistry of municipal wastes (for comparison with non-point 
sources of contaminants from overland flow)

Maidment, Handbook of Applied Hydrology (1993)


