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ALTERNATIVE APPROACHES FOR applying the USLE-M to such grid cells where the event
erosivity factor is given by the product of the runoffDETERMINING THE USLE-M SLOPE
ratio (QRe, the volume of the water flowing out of the

LENGTH FACTOR FOR GRID CELLS cell during the event divided by the volume of rain
falling on the cell) and EI30 (the product of event kinetic

Peter I. A. Kinnell* energy and the maximum 30-min intensity), Kinnell
(2001) proposed that the slope length factor for a cell

Abstract with coordinates i,j that applies during Event e (LUMe.i,j)
Erosion within a grid cell depends on cell size and the size of the could be expressed by

area that is upslope of the cell. The factor accounting for slope length
when the USLE-M is applied to predicting erosion in grid cells needs LUMe.i,j � F

QCe.i,j-all (Ai,j-in � D2)m�1 � QCe.i,j-in Am�1
i,j-in

QRe.i,j-cell Dm�2 xm
i,j (22.13)m

[1]
to (a) equal the universal soil loss equation (USLE) slope length
factor for the cell when the area above the cell is completely pervious

whereand (b) be directly related to the Desmet and Govers slope length
factor when runoff is generated uniformly over the whole area. The
procedure for calculating the slope length factor proposed previously F � QCe.i,j-in �

(1 � QCe.i,j-in)
(1 � Ai,j-in/D2)m

[2]
fails to meet the second criteria. Alternative approaches which con-
sider the contribution of the upslope area to the determination of the and Ai,j-in is the area (m2) contributing to flow into theslope length factor to vary when the ratio of the runoff coefficient of

cell with coordinates i,j, D is the length (m) of the sidesthe upslope area varies from that of the cell are described and shown
of the grid cell, xi,j a factor that is dependent on flowto meet both criteria. The approach where the slope length factor is
direction relative to grid cell orientation and m is thebased on the ratio of the runoff coefficients for the upslope area and
slope length exponent defined for use with the RUSLEthe upslope area plus the cell produces slope length factor values that

lie within theoretically acceptable boundaries. (Renard et al., 1997). The variable m varies with slope
gradient. The terms (Ai,j-in � D2)m�1, Ai,j-in

m�1, Dm�2, xm
i,j,

and (22.13)m result from a slope length factor for
applying the USLE to grid cells developed by DesmetKinnell and Risse (1998) showed that the ability of
and Govers (1996) on which Eq. [1] is based. QCe.i,j-all isthe USLE (Wischmeier and Smith, 1978) to ac-
the runoff coefficient for the whole area that contributescount for event soil loss could be improved by multi-
to runoff out of the cell during an event (hence the use ofplying the USLE event erosivity factor by the runoff
the subscript e) and is given by Qe.i,j-all/Be where Qe.i,j-all iscoefficient for the event (QCe, the amount of runoff per
the runoff per unit area from the area that includes theunit quantity of rain on an area). The version of the
cell and Be as rainfall amount per unit area duringUSLE using this modification of the USLE erosivity
the event. Likewise, QCe.i,j-in is the runoff coefficient forfactor is called the USLE-M. While the USLE-M is an
the area upslope of the cell and is given by Qe.i,j-in/Beempirical model, the event erosivity factor has some
where Qe.i,j-in is runoff per unit area for the area upslopephysical basis. It was developed from the concept that
of the cell. The QRe.i,j-cell is the runoff ratio for the cell.erosion is directly related to the product of runoff vol-
In the case of runoff coefficients (QCe), Qe, and Be applyume and sediment concentration and the suggestion that
to the same area and so take on values from 0 to 1 whenthe sediment concentration for an event is directly re-
runoff is generated by infiltration excess. However, thelated to (a) the average amount of rainfall for kinetic
runoff ratio for a cell (QRe.i,j-cell) is given by the volumeenergy per unit quantity of rain and (b) effect of rainfall
of runoff discharged from the cell per unit volume ofintensity which could be accounted for by I30, the maxi-
rain falling on that cell. The volume of runoff dischargedmum 30-min rainfall intensity.
from the cell is given by Qe.i,j-in Ai,j-in � Qe.i,j-cell D2 andAs shown by Kinnell and Risse (1998), the modifica-
because a large proportion of that volume may cometion of the USLE event erosivity factor used in the
from upslope, QRe.i,j-cell can take on values much �1.USLE-M requires changes to be made to all USLE

In the context of this paper, the runoff ratio for thefactors that influence runoff when the new erosivity
cell (QRe.i,j-cell,) is determined by dividing the volume ofindex is used. In modeling erosion within catchments
the water flowing out of the cell during the event by theor watersheds, it is common to represent the catchment
volume of rain falling on the cell. Because the volume ofor watershed by a grid of square cells in which factors
runoff from the cell comes from both the cell and thelike slope gradient, soil erodibility, and crop manage-
upslope area, the runoff ratio can have values greaterment are uniform in any given cell. In the case of
than 1.0. In contrast, the runoff coefficient for a cell
(QCe.i,j-cell), is given by the volume of water discharged

School of Resource, Environmental and Heritage Sci., Univ. of Can- from the cell that is derived from rain falling on the cell
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runoff produced by infiltration access, QCe.i,j-cell, will not(peter.kinnell@canberra.edu.au).
exceed 1.0.
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