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Educating for
change

to focus on the immediate application of
education in a practical setting, rather than
some vague understanding of a theory.
he refrain of “educate them” is often
Often when we talk about education, we
heard in conservation circles. Some- really mean persuading someone to change
times it means we need to educate behavior, such as recycling bottles, better
farmers, sometimes it means we need to ed- managing animal waste, or converting to
ucate the public about the progress that no- till. In their book Future Forces, futurists
farmers have made, and sometimes it is di- David Pearce Snyder and Gregg Jerry Edwards discuss five situarected at Congress
and other legislative
tions that govern when
bodies. In each of
Often when we talk
people change behavior.
these contexts, “eduabout education, we
O n e situation is
cate them” tends to
repersuading
where the risk of
mean “pound certain
someone to change
change is mitigated by
information into their
behavior, such a~ recys o m e form of insurheads.” This method
cling bottles, better
ance, safety net, or
sharing. Farmers in cost
of involuntary acquimanaghg a d m d waste,
share programs or easesition of knowledge
Of CO~Verting
t0 n o - a
works in a few situament programs might
tions, such as a milifit into this category. A
tary boot camp or a n English boarding second is when the change in behavior can
school, where the person doing the educat- be comfortably integrated with other basic
ing has a big stick.
aspects of life and work. Some people will
But conservation has never had a big wear a seat belt only if it is automated, and
stick. Programs in the U.S., such as cost they do not have to do anything. A third crisharing for terrace construction have con- terion for changing behavior is to make the
sistently had more funding requests than means of change readily available. Conserthere was money to go around. Even the vation districts have assisted here by investFood Security Acts enforcement provisions ing in no-till drills that can be borrowed by
will lose their sting if commodity prices rise small farmers.
and farmers choose the market price, not
A fourth way to change behavior is to
the subsidized price.
demonstrate that the benefits of the change
To be successful in educating people will be quickly realized. The North Ameriabout conservation, we need to put matters can culture is not one that is built upon paon their terms and in their culture. SWCS’s tience; we want to see a quick return on
environmental adventures booklets have our investment, and this cultural attribute
been successful because we have used the will make dealing with nonpoint-source
child’s medium of comic books. Other audi- pollution very difficult. The last point Snyences are more complex. For example, if d e r a n d Edwards make is that people
we are to educate a legislative body, we change their behavior when the change is
must couch our message in the context of perceived as inevitable. This is the regulatothe most immediate issues facing that body, ry approach. Even after we succeed in edusuch as deficit reduction, and w e must cating the vast majority, there will be a
demonstrate to each member of the body stubborn few who will need to be told “or
that action on our issue is important to their else. It’s the law.”
electorates.
I believe that we as conservationists can
The most important part of education is be much more effective in educating people
the learner. To reach adult learners, w e if we concentrate less on how “right” our
need to follow the principles of Andragogy, message is, and pay more attention to what
a theory of adult learning based o n the it will take for the learner to change behavlearner’s self-reliance and self-interest This- ior by applying relevant knowledge.
concept emphasizes the need to integrate
Douglas Kleine,
the learner’s practical experience with the
Executive Vice President
knowledge being conveyed, and the need
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Parks. MBchael Frome.
1992.Tucsoa university
Of AfiZOM Pl’eSS. 289 pp.
Michael Frome is one of the
proliferate commentators on
U.S. national parks. He brings
a lifetime of experience to Regreening the National Parks,
which is both the book’s
strength as well as its weakness. At his best, Frome is a
stirring muckraker of ideas,
challenging conventions, and
advocating an alternative vision. Unfortunately, his prose
often comes across as strident
and opinionated to the point of
narrow mindedness.
Part history, part reflection,
the book calls for a regreening
of national parks as part of an
overall regreening of America.
One might quibble if the parks
or the nation were ever truly
“green,” in the sense of the nation’s people being motivated
primarily by ecological concerns and, thus, impossible to
“ren do. As Frome documents,
the nature preservation mandate of the park service has
been compromised since its
beginning because of economic interests favoring tourism.
However, the final chapter,
where Frome provides his
green prescription, is especially
compelling and should be read
widely by conservationists. He
states, “Regreening will kindle
new recognition of public
parklands as precious places.
Whether administered I>y city,
county, state. o r federal government, whether covering a
half a block in the heart of an
urban community o r ten million acres above the Arctic Circle in Alaska. public parkland
provides an outlet for physical.
emotional, artistic. spiritual.
aesthetic, and intellectual senses.... I visualize a park as an art
form in itself, with the land
base as the canvas and each
person free to express himself
or herself as long as he or she
does not damage the resource
or disturb or hami others.”
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Frome is doubtful about the
ability of the National Park Service to accomplish such a lofty
goal. He is critical of the park
service for lacking vision and
courage. However, innovations
initiated by the National Park
Service are overlooked. For example. the greenway movement was largely conceived.
fostered, and developed by
planners from within the regional offices and the rivers,
trails, and conservation division
of the National Park Service.
The greenway movement has
resulted in significant conservation programs in many regions
and localities.
The greenway movement
has been lead by the same
type of individuals that Frome
seems to disdain. He romanticizes about the old school park
service employees: “missionoriented amateurs are replaced
by rule-book writers and managers-trained career professionals with college degrees
qualifying them as specialists.”
He would prefer rangers to be
educated in history and culture
-the liberal arts-rather than
in resource management, “focused on facts and numbers,
on rules and regulations.” To
me, this sets u p a false dichotomy. Surely, art and science, skill and knowledge, are
all necessary.
Overall, Frome has little regard for academics or Ivy Leaguers o r “upscale yuppies,”
who he believes control most
major environmental groups.
As an academic with an Ivy
League degree, who hopefully
is more of an aging hippie than
an upscale yuppie, I take offense. In fact, I find Frome‘s
pot shots at academics odd,
since he has been employed
by universities for some time
now. A few comments, meant
to provoke, are silly and obviously inaccurate, such as, characterizing “Ivy Leaguers” as environmentalists w h o have
“never been hungry and never
slept outdoors (not, at least,
without high-tech gear).”
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In his critiques of political
leadership, he is more evenhanded, pointing o u t the
weaknesses and strengths of
Democrats and Republicans
equally. Running against the
grain of many environmental
commentators, he is especially
critical of Democratic Secretary
of the Interior Steward Udall’s
leadership, while praising Republican Secretary Walter Hickel’s stewardship. Frome states,
“Carter’s four years are a
record of promises unfulfilled.”
Acknowledged is the role of
President Jimrny Carter and
Secretary Cecil Andrus in significantly increasing parkland
in Alaska, but their pivotal role
in establishing the New Jersey
Pinelands National Reserve is
not mentioned .
Frome heaps on praise for
the progressive Republican
leaders of the early 20th century who appointed pioneering
conservationists such as
Stephen Mather and Horace Albright to direct the National
Park Service. He notes that the
park service generally fared
better under Republicans than
Democrats, that is, until the
Reagan-Bush years. Characteristically, Frome minces n o
words about the ugly records
of the Reagan-Bush administrations. He quotes Nathaniel
Reed, an assistant secretary,
concerning James Watt: “His
insensitivity to beauty and adventure in the West is appalling. It is as though Secretary Watt can’t tell the
difference between national
parks and industrial parks.”
The Reagan years are described as “the unhappiest of
times” for the National Park
Service. Even so, the park service had two reasonably good
directors during the Reagan administration; Russ Dickinson
and William Penn Mott. The
problem was that they were
never supported, a n d were
even undermined, by their superiors. According to Frome,
partisan policy plainly came to
control park service policy and

programs. He uses as one example the appointment by
President George Bush of the
Dan Quayle campaign fund
raiser from Indiana, James M.
Ridenour, who had never visited the Grand Canyon, Yellowstone, or Yosemite.
Frome is very good at detailing the negative impacts and
influences of concessions,
many of which are controlled
by a few powerful families.
The concessionaires blur the
lines between pubkc trust and
private gain. The role of park
superintendents has been diminished while the power of
concessionaires has increased.
According to Frome, “superintendents grow heavier and
paunchier. They acquire a
rhetoric with more verbiage
and less substance. They opt
for convenience and time saving. Many become paper tigers
or shadowboxers; even when
they care, they know the other
guy has the power behind the
punch.”
Some of Frome’s most compelling (a word he uses too
often) prose is dedicated to the
contemplation of the value of
recreation to our culture. He
questions what w e d o for
recreation, what we do to recreate ourselves. He challenges
us to each seek out our own
sacred mountain or place for
spiritual renewal. Frome finds
inspiration from a plaque that
hung on the mantle of former
Wilderness Society director and
president Olaus Murie’s home
in Jackson Hole: “The wonder
of the world, the beauty and
the power, the shape of things,
their colour, lights and shades these I saw. Look ye also while
life lasts.” As Frome notes,
within in all of the federal government, the National Park Service is the only agency with
the singular mandate to preserve nature. The national
parks have a unique importance to U.S. culture. They are
our cathedrals, our wonders.
The concept of national
parks is American, one of our

They emphasized five broad
research areas that critically
need to be strengthened. This
summary succinctly covers the
essential conclusions and recommendations developed by
the committee. The four chapters following provide a thoro u g h analysis of t h e topic
under study.
Chapter 1 is a brief a n d
compelling presentation of societal needs and concerns for
the forest. The problems of our
world environment, of rorest
modification and destruction,
of climate alteration and other
poorly understood chanqes
were discussed. The concern
for global bio-diversity a n d
ecosystem protection was expressed along with the human
needs driven by the ever expanding population and their
demand for food, fiber, water,
wildlife, a n d other benefits
from the forest.
Forestry Research: A ManIn chapter 2, the committee
date for Cbange; National attempted to describe the gap
Research Council, Com- b e t w e e n these numerous
mittee on Forestry R e - needs and the present status of
search, John C. Gordon, forestry research. The contrastChair; National Academy ing viewpoints of conservationPress, Washington, D.C. ists and those with “more romantic views of forests” was
1990; 84 pp.
discussed. Our present level of
Forestry Research: A Man- research was described as indate for Change is a brief, ar- a d e q u a t e to c o p e with t h e
ticulate analysis of the state of added load of responsibility for
research on forestry and a plea the broader priorities. Some infor more action in a field of ut- teresting insights were presentmost importance to our coun- ed o n cooperation between
try. The National Research forestry and agriculture.
Council selected a blue ribbon
Chapter 3 covers research in
committee of 13 distinguished considerable detail. The basic
scientists to conduct the study. five areas developed by the
The Committee was chaired by committee are [ll biology of
Dr John C. Gordon, Dean and forest organisms; [21 ecosystem
Professor at t h e School of function and management; [31
Forestry a n d Environmental human-forest interactions; 141
Studies at Yale University.
wood as a raw material; and [51
The committee was charged international trade, competiwith the responsibility to “cre- tion, and cooperation. A very
ate a vision of what such re- large array of research needs
search must be like in the fu- was described within these five
ture in order for society t o categories .
The final chapter is a thorachieve desired forest management goals.” In the executive ough discussion of the conclusummary, the authors outlined sions and recommendations
the array of societal needs tnat developed by the committee.
depend o n forestry research. The call is for a radical change
truly original and essential contributions to world culture.
Frome provides a strong argument that the mandate of the
park service has been diluted,
that even from its beginnings
the agency has not been able
to adequately preserve nature.
He concludes that it is time for
the National Park Service to
pursue its mandate with renewed vigor and imagination.
Michael Frome views national
parks as his sacred mountain
and preserving that mountain
is key for creating a green and
peaceful planet. Regreening the
National Parks presents a
thought provoking, though
sometimes off-the-mark, reflection and a helpful charge for
future action .--Frederick Steiner, Department of Planning,
Arizona State University,
Tempe.

in forestry research to meet national and global needs. Both
educational and fiscal systems
n e e d restructuring to meet
these obligations.
T h e authors of this book
have presented a challange, I
hope that many of their recommendations will be implemented. The recommendation to establish a National Forestry
Research Council [NFRCI
should be a first priority.-Review by Fred B. Knight, Dean
Emeritus and Professor Emeritus of Forestry, University of
Maine, Orono.
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Errata:
"Length-slopefactors for the revised universal soil
loss equation: simplified method of estimation," by
Moore and Wilson. JSWC 47 (5): 423428.

T

he original printing of this article contained a series of typographical errors in
equations (61, (7), @a), (9b), (llb), (12a),
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Furthermore, the equation in Table 1 after
Moore and Burch should read as follows:
LS= (As/22.13)m(sinp/O.O896)"
~

In the January/February issue of the Journal of Soil and Water Consewation, an error
was made in this table from page 81, "Corn
yield; erosion relationship of representative

~

~
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Table 6. Regression equations for corn grain yield on the soils grouped by parent material.
Equation

R*

Glacial till parent material
0.29*
yd = 0.014 PRECIP + 2.06
yd = 6.85 PI + 2.19
0.33*
yd = 0.005 CD + 6.49
0.003
yd = 0.136 OC + 4.29
0.06
yd = 6.76 PI + 0.014 PRECIP - 2.53
0.61
yd = 0.009 CD + 0.014 PRECIP + 1.26
0.29*
yd = 0.128 OC + 0.014 PRECIP-0.352
0.35"
yd = 0.012 PRECIP + 2.99
yd = -2.06 PI + 8.94
yd = 0.006 CD + 6.62
yd = -0.074 OC + 8.70
yd = -1.77 PI + 0.012 PRECIP + 4.45
yd = -0.01 3 CD + 0.013 PRECIP + 4.27
yd = -0.093 OC + 0.012 PRECIP + 4.74
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n
69
69
69
69
69
69
69

Loess parent material
0.27*

0.005
0.001
0.013
0.27'
0.27*

0.2v

yd = Grain yield (Mg ha-1); OC = Organic carbon of the Ap horizon (kg ma);
CD = Depth to the C horizon (cm);
PI = Productivity Index; PRECIP = Precipitation for May-August (mm)
* Significantly different than 0 at P = 0.01
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loess and till soils in the North Central United States," by Tom E. Schumacher, Michael
J. Lindstrom, Delbert L. Mokma, and Wallace
W. Nelson. This is the corrected version.
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Comment on
''Length-slopefactors for the Revised Universal Soil
Loss Equation: ShpWied method of estimation,"
Ian D. Moore and John P. Wilson

Journal of Soil and Water Conservation 47(5):423-428

George R. Foster

B

on the paper's title and implicain the paper, a reader might aseY
: tions
:
that the LS relationships develo p e d by Moore a n d Wilson (6) a r e
interchangable with or equivalent to the
slope length-slope steepness factor (LS) relationships used in the Revised Universal Soil
Loss Equation (RUSLE) and that the Moore
and Wilson LS equation can be used instead
of the current RUSLE LS relationships. Such
is not the case.
Moore and Wilson concluded that the
RUSLE LS factor is a measure of sediment
transport capacity, but this conclusion is exactly the opposite of that determined by the
developers of RUSLE. McCool et al. (5) assumed detachment-limiting conditions to derive the slope length relationships for
RUSLE. This assumption produces values for
the slope length exponent in the RUSLE L
factor that vary from 0 to 1, which is the
range observed in experimental data (5).
Furthermore, the slope length exponent in
experimental data is near zero for low
slopes and near 1 for steep slopes. The
slope length exponent in experimental data
also increases as rill erosion increases relative to interrill erosion, and the slope length
exponent tends to be near 1 when rill erosion is large relative to interrill erosion. The
slope length exponent relationships used in
RUSLE are based o n detachment-limiting
theory, which very nicely describes the
trends observed in experimental data.
In contrast, the transport-limiting theory
assumed by Moore and Wilson gives a single
value for the slope length exponent that

does not vary with slope steepness, slope
length, or rill erosion. That is, the transportlimiting theory does not provide a variable
slope length exponent to match experimental data. Furthermore, Foster and Wischmeier
(3) and Foster and Meyer (2) calculated sediment transport capacity using the Yalin
equation and found transport capacity to be
larger than measured sediment load for conditions represented by RUSLE. Alonso, Neibling, and Foster ( I ) showed that the Yalin
equation is a good estimator of transport capacity for conditions represented by RUSLE.
Based on these and other considerations, the
developers of RUSLE concluded that RUSLE
and its LS factor represent detachment-limiting conditions, not transport-limiting conditions as claimed by Moore and Wilson. Notably, Moore a n d Wilson made n o
comparisons with experimental data to justify their claim.
In their equation (19), Moore and Wilson
(6) equated an expression for a dimensionless sediment transport capacity with the
RUSLE LS. Regardless of whether LS represents detachment or transport-limiting conditions, Moore and Wilson's equation (19) is

T*,= (AJ22.13)" (sinp/0.0896)"

= LS(l9)

where T*, = dimensionless transport capacity, A, = upslope areahnit contour width,
22.13 = slope length of the RUSLE unit plot
in meters, m = slope length exponent, p =
slope angle, 0.0896 = sine of the 9% slope of
the RUSLE unit plot, and n = slope steepness
exponent. The dimensionless transport caMARCH-APRIL
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‘Equation 20 has been rearranged as equation 26 with $J = 1

pacity T*, is given by
T*‘.= TJ T,,,

Moore and Wilson’s equation (19) was developed for use in terrain modeling of three
dimensional landscapes where flow converges and diverges. However, for slopes of
uniform width represented by RUSLE, the A,
term in Moore and Wilson’s equation (19)
can be replaced with slope length A.
A comparison of equation 25 with Moore
and Wilson’s equation 19 shows that the
slope length exponent for equation (19)
should be m + 1 and not the exponent rn
that Moore and Wilson showed in their
equation 19.
Thus, Moore and Wilson’s equation (19) is
incorrect. The error in Moore and Wilson’s
equation 19 is easily illustrated by solving
their equation 20, which is

(21)

where T, = sediment transport capacity
(madwidth x time) and T,,, = transport capacity for the RUSLE unit plot conditions.
RUSLE computes soil loss A ( m a d a r e a time), which is the average erosion rate for
the slope length A. The equation for A is

where A has been substituted for A,, the
order of the terms has been reversed so that
erosion rates have positive rather than negative signs, and the subscript j indicates the
lower edge of a slope segment. Moore and
Wilson stated that their equation (20) provides a possible measure of erosion or deA = K (;3/22.13)mS
(22)
position on a slope segment or cell.
Values from the solution of their equation
where K = the product of the RUSLE factors RKCP (erosivity, erodibility, cover man- (20) are shown in Table 1, illustrating that
agement, and supporting practices factors, Moore and Wilson’s equation (20) computes
respectively) and S = the RUSLE slope steep- an erosion rate that decreases with distance
ness factor. The term u ( 2 2 . 1 3 ) ” in equation downslope, which is incorrect. The correct
22 is the L factor in RUSLE. The variable A slope length exponent in equation 20 should
differs from T, in that A is the average soil be m + 1, as equation (23) shows. Moore
loss from the slope length A and has units of and Wilson commented, “However, further
mass/(area x time), whereas T, is t h e testing is required to determine whether or
amount of sediment passing through a plane not this relationship applies across most
at t h e e n d of A a n d has t h e units of landscapes.” The simple computations permass/(width x time). The relationship be- formed to develop Table 1 show that Moore
tween A and T, is T, = A,
when A is con- and Wilson’s equation does not apply to any
sidered to be a measure of transport capaci- landscape because of their error in the exty. Therefore, w h e n A is a measure of ponent on their A, term.
For these reasons, Moore and Wilson’s
transport capacity, multiplication of equation
statement concerning the A, (slope length)
(22) by slope length A gives
exponent in their equation (16) is also incorrect when they stated that the slope length
T, = K (u22.13)” k!?
exponent from their transport capacity equa= Kjlm+1~/22.13m
tion is the same as the RUSLE L slope length
The transport capacity for the unit slope is exponent. As the above equations show, a
given by
value of 1 should be subtracted from their A,
exponent in equation (16), a transport capacity equation, to produce the correct
z.,,= ~(22.13/22.13)“22.13
= 22.13 K
(24) slope length exponent that is comparable to
the slope length exponent in RUSLE, an avwhere the slope length of the unit plot erage erosion rate equation. Had they made
has been substituted for A in equation (23) this necessary subtraction, they would have
and S = 1 for a 3% slope. Division of equa- obtained a slope length exponent of -0.44.
tion (23) by equation (24) gives the equation Differentiation of Moore and Wilson’s equafor dimensionless transport capacity T*,, tion for transport capacity with respect to
distance also shows this error. In this operawhich is
tion, the analytical form of the equation for
erosion rate is D = dTc/dx, where x = disT*, = (a22.13)m+1S
(25)
tance downslope, which is actually Moore
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and Wilson’s equation (20). Applying this
operation to Moore and Wilson’s equation
(1%) gives a -0.44 slope length exponent
indicating that Moore and Wilson’s transport
equation computes an erosion rate that decreases with distance downslope when
slope steepness is uniform, obviously an incorrect result.
Moore and Wilson concluded that the
RUSLE LS factor could be simplified to the
equation
LS= (A/22.13)06 (~inp/0.0896)’.~

(27)

While Moore and Wilson may consider
this relationship to be sufficiently close to
the RUSLE LS relationship for their application in terrain modeling, equation (27) is not
sufficiently close to the RUSLE LS relationships to be used in typical RUSLE applications such as conservation planning for
which RUSLE was developed. For example,
the RUSLE L value for a 250 m, 0.5 percent
slope is 1.2 while the value for L from equation (27) is 4.3, a difference far too great to
be acceptable. Similar large differences exist
for the S factor for low slopes. When McCool et al. (4, 5) developed the LS relationships for RUSLE, we were well aware of simple power relationships like equation (271,
because they had been used in erosion prediction since the 1940s (7). When compared
against experimental data ( 4 , 5) the LS relationships used in RUSLE are clearly much
superior to equation (27) considered by
Moore and Wilson to be equivalent to the
RUSLE Ls relationships.
Moore and Wilson (6) misrepresented the
deviation of the RUSLE LS relationships.
Using only a portion of the RUSLE LS relationships, they fitted equation 27 to values
computed with the RUSLE LS equations. On
the basis of their results, they stated, “The
best fit between RUSLE LS and an equation
of the form of equations 14 and 18 occurs
when the area and slope steepness exponents ( mand n) are 0.6 and 1.3, respectively
(Figure 3d). These results suggest that the
combined LS factor in the USLE and RUSLE
are measures of the sediment transport capacity of the flow.” Equations 14 and 18 are
sediment transport equations that have the
form of equation (27). Earlier in their paper,
Moore and Wilson stated, “Figure 3c shows
that there is also good agreement between
the dimensionless sediment transport capacity, TI,, that is derived from the WEPP theory, and the RUSLE LS. To a large degree this
is expected as the LS factors developed for
the RUSLE by McCool et al. (4, 5> were derived in part by applying the Foster and
Meyer (2) theory, which is the basis of the
WEPP model.”
These statements by Moore and Wilson

are erroneous and misrepresent how the
RUSLE LS equations were derived. First, the
RUSLE S factor was derived entirely from
empirical data with n o consideration of
transport capacity o r any erosion model.
Second, the L factor in RUSLE was derived
using erosion theory with separate terms for
rill and interrill erosion. A totally detachment-limiting assumption with absolutely no
connection to a sediment transport equation
was used to derive the equations for the
RUSLE L factor. Since the L equation in
RUSLE was derived entirely from detachment-limiting theory, Moore and Wilson’s
claim that the fit of their equation to RUSLE
LS values shows that the RUSLE LS is a measure of transport capacity is erroneous and
completely misrepresents how the RUSLE L
factor was derived and what it represents.
To conclude, the equations derived by
Moore and Wilson for LS are not equivalent
to the LSrelationships in RUSLE. RUSLE represents detachment-limiting and not transport-limiting conditions. Moore and Wilson’s
LS equation should not be used in RUSLE
because results will differ greatly from estimates that RUSLE computes using equations
recommended by its developers. The LS
equations recommended for RUSLE were developed from an extensive analysis of experimental data and rigorous theory for erosion
mechanics consistent with the erosion
processes represented by RUSLE.
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Reply to

comments bY

Foster

Ian D. Moore and John P. Wilson

In the past, we have been able to model
specific point and two-dimension (2-D; i.e.,
hillslope) erosional processes in considerable detail. There have been few studies that
have modeled the spatial variability of erosion processes in real 3-D terrain. Our research aims to develop approximate methods that can provide a knowledge-based
approach to environmental analysis and can
be embedded within the data analysis subsystems common to most geographic information systems (GIs). After examining several process-oriented erosion models, such
as WEPP and the Hairsine-Rose models, we
concluded that RUSLE and generalized flux
equations represented a reasonable compromise between physical realism and degree
of sophistication for examining the spatial
patterns of erosion in complex landscapes.

Equation (19), M o o r e and Wilson
(1992)
Both WEPP and RUSLE were derived from
the same conceptual theory: that erosion
processes can be divided into rill and interrill components. The theory ignores the effects of re-entrainment and redetachment of
previously deposited sediment, which has
quite different physical properties to those
of the parent soil. In WEPP, rill detachment
is a function of the difference between the
sediment flux and the sediment transport capacity, whereas in RUSLE the rill soil loss
per unit area is a function of excess boundary shear stress. As will be demonstrated
later, the form of this relationship means that
rill soil loss in RUSLE is a linear function of
sediment transport capacity. Hence, although the transport limiting case is not considered in RUSLE, the form of the equations
ensures that the rill soil loss is implicitly a
measure of the sediment transport capacity
and vice versa. Thus, although USLE and
RUSLE do not represent transport-limiting
conditions per se, the LS factor is a measure
of the dimensionless sediment transport capacity given by Moore and Wilson’s (20)
equation (16) for the rill-erosion dominated
condition.
In Moore and Wilson (201,it was stated
that the transport-limiting case occurs when
q, 2 T, (not qs = T,; publisher’s typographi174
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cal error, which Foster was aware of, based
on personal communication with the authors
and the publisher). Equation (15b) in Moore
and Wilson (20)is the correct formulation of
the sediment transport capacity, based o n
the simplified Yalin equation used in WEPP
[equation ( 6 ) in Moore and Wilson (lo)].
From that, we derived a dimensionless sediment transport equation T*, [equation (16)1,
not a dimensionless soil loss equation. This
equation is mathematically and functionally
correct. Foster appears to have assumed that
Moore and Wilson (20)incorrectly said that
qs= T,, and then incorrectly said that the
sediment load Y= q,= T,, when in fact, as
Foster rightly points out, it should be Y =
q,/A,, where A, is the specific catchment
area (m2m-I), and A, = 31, for an idealized,
non-converging, and non-diverging hill
slope. This assumption was not made by
Moore and Wilson (20).
Moore and Wilson (10) then went on to
show empirically that the form of the equation for T*, is functionally similar to the LS
factors in RUSLE. We will show later that in
fact this is only strictly true for the rill-limiting case. Because of this, we do agree with
Foster that the slope-length exponent is not
a constant. However, we will show that the
range of values should be 0 to 0.56, rather
than 0 to 1, as proposed by Foster and McCool et al. (6>,
which is incorrect, based on
the RUSLE slope length theory.
Foster’s arguments, built around his equations (21) to (25), are irrelevant t o our
paper. To show why, we must go back to
the theoretical derivation of the IS relationship for RUSLE by McCool et al. (6).In
RUSLE, the L factor is based on the relative
magnitude of rill and interrill erosion for detachment limiting conditions. Rill soil loss
per unit area, DJ;is expressed as

where z is the boundary shear stress, K,.is
the rill soil erodibility factor, and C,. is the rill
soil management factor. The rill sediment
transport capacity is also a function of the
3/2power of shear stress (2), so that rill soil
loss (kg m2s-’)
can be written in terms of the
rill s e d i m e n t t r a n s p o r t capacity,
T, (~,rn-’s-’), as

where K, is the rill sediment transport coefficient. Hence, rill soil detachment is a
linear function of rill sediment transport capacity. Using the relationship for rill sediment transport capacity given by equation
(15b) in Moore and Wilson (101, the rill soil
loss per unit area can be written as

where g, is a constant. This is the rill soil
loss per unit at a point. The average soil loss
per unit area for a hillslope or catchment
Y can be obtained by integrating equation
(30) with respect to the specific catchment
area A,, and then dividing by A, to yield

develop, soil loss for a catchment is likely to
be controlled by the shallow sheet flow capacity to transport rainfall detached sediment (i.e., q,2 Tc), that is, by the transport
capacity of shallow sheet flow. In such
cases, the following equivalent LS factor can
be derived:
LS= (A, "2/22.13") [(~inp)"~/0.0896~1(34)

where rn2 = 4 . 1 (approximately = 01, rn =
Therefore, for the limiting case when Df 0.56, n2 = 1.05, and n = 1.22. For this equa>> Di,
where Diis the interrill soil loss per tion, rilling is assumed to dominate for the
reference condition where A, = 22.13 m and
unit area, the LS factor therefore reduces to
tanp = 0.09, and the exponents on these
terms reflect a moderate rill/interrill ratio.
LS = (As/22. 13)11'
(sinp /0.0896Y = T*, (32)
This equation yields a slope factor that is alwhere m = 0.56, n = 1.22, and T*, is Moore most a linear function of sinp and predicts a
and Wilson's ( 1 0) dimensionless sediment value of Sof 0.073 for a 0.5% slope gradient,
which is consistent with the empirical value
transport capacity relationship.
Therefore, LS does indeed equal T*, and from RUSLE. Therefore, the exponent on the
is a measure of the sediment transport ca- slope length factor should range from 0 to
pacity for this limiting case. This relationship 0.56, rather than from 0 to 1.0, using the
indicates an upper limit to the slope length RUSLE theory.
exponent, rn = 0.56, and physical justification for the power function form for the RUSLE slope steepness factor
slope factor S, as proposed by Moore and
The RUSLE S factors were purely empiriWilson (10). Based on comparisons with the
observed LS data (6) this limiting case ap- cally derived, which represents the second
flaw in the development of the RUSLE Sfacpears to occur for slope gradients > 12%.
Readers should note that there is a funda- tors. McCool et a1 (6) developed the L factor
mental error in the development of the using a theoretical approach proposed by
RUSLE slope-length relationship in McCool Foster. This theoretical approach could easiet al. (6). They incorrectly use the following ly have been applied to developing S factor
broad sheet flow equation in the derivation relationships, but was ignored. Furthermore,
of the expression for effective shear stress McCool et al. (5) provide no physical justification for a distinct break in the S versus
[equation (7) in (611.
slope-gradient relationship at 9% within
RUSLE. Moore and Wilson's (lo) approach,
which we have shown to be consistent with
where yis the weight density of the flow, Yb the detachment-limiting concept in RUSLE
is the flow depth, and 4 is the ratio of flow for the limiting case where rill erosion domivelocity with cover and roughness to flow nates, offers a theoretical basis for the develvelocity over a bare, smooth soil. For rill opment of the S factor relationships in
flow, y h should be replaced with the rill hy- RUSLE.
The slope steepness factor, S, as predicted
draulic radius, Rh. If this correct form of the
hydraulic relationship is used, then an equa- by USLE, RUSLE, and the M W (Moore-Wiltion identical to equation (32) with m and n son) power functions, is compared in Table
equal to 0.56 and 1.22, respectively, is ob- 1. For slope gradients >7%, RUSLE and MW
tained. This error, of using the incorrect predictions are within 0 to 5% of each other.
form of the hydraulic relationship, propa- For slope gradients of 3 to 12% (the range of
gates through their subsequent computa- slope gradients encompassing most of the
tions. The broad sheet flow equation pro- data on which the USLE is based), the USLE
duces equivalent values of m and n of 0.9 and MW predictions are within 0 to 5%,
and 1.05. This explains why their upper limit whereas RUSLE predicts 31% larger values at
on rn is about 1.0 and why they might use a a slope gradient of 4%. For slope gradients
linear function of sinp for the slope factor, of 2%, RUSLE and MW predict Svalues that
are 35% and -22% of the USLE values, rewhich is theoretically incorrect.
The other limiting case occurs when Of<< spectively. At 1.5%, these values are 29%
Di,
in which case interrill soil loss dominates and -34%, respectively. For slope gradients
and rn = 0, as interill soil loss is independent 5 1%, MW predicts smaller values of S than
of A, or A (1). For this case, in very low either USLE or RUSLE.
RUSLE and USLE predict similar values of
slope gradient environments where no rills
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S for slope gradients < 1%. The S function
for low slope gradients in RUSLE is based on
the results of Murphree and Mutchler (11).
The scatter of their data is large at small
slope gradients and the fitted relationship
used in RUSLE could have been forced
through the origin (zero S - zero p), with little reduction in the coefficient of determination [see Figure 4 (511.
Murphree and Mutchler (11) state that “soil
loss on such low (0.1 to 3%) slopes was overestimated using the current (USLE) slope relationship.” Furthermore, in discussing supporting evidence for the S relationship in RUSLE,
McCool et al. (5) indicated that for 0.5%
slopes the average S value was 0.13, with a
standard deviation of 0.12 (ranging from 0 to
0.45). Hence, the M W predictions of Sat low
slope gradients fall within the one standard
deviation error band. Also, the natural variation in slope gradient at low slopes makes application of the USLE and RUSE relationships
dubious. Only in special cases, such as in
laser levelled fields, would it be appropriate
to apply these relationships at low slope gradients.
However, as shown by equation (341, applying the transport-limiting concept at low
slopes (I 1%)produces an almost linear variation of Sversus slope gradient and a value of
Sof 0.073 at a slope of 0.5%, which is similar
to the RUSE prediction. Hence, there is a theoretical justification for the low slope relationships in RUSLE.
The data supporting the break in slope of
the S versus slope gradient relationship at a
9% slope gradient [Figures 1 and 2 (91are
also weak, as many different curves could be
fitted to the data with equal statistical validity.
Hence, on purely empirical grounds, the M W
Sfactor relationship is statistically as good as
the RUSLE relationship. On intermediate slope
gradients (3 to Y ) , it appears to be superior,
in that it more closely approximates the U S E
estimates. Furthermore, the relationship has a
physical basis from a consideration of the rill
erosion-dominated and, hence, the transportlimiting condition.
Finally, for steep slopes in the Pacific
Northwest wheat and range region, McCool et
al. (5) have recommended a power function
relationship for S, which has the same form as
equation (32), but with n = 0.6 rather than
0.56. Hence, this recommended relationship is
virtually identical to the MW relationship.

Slope length
Slope length is defined by Wischmeier
and Smith (24) as “the distance from the
point of origin of overland flow to the point
where either the slope gradient decreases
enough that deposition begins, or the runoff
176
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water enters a well defined channel that
may be part of a drainage network or a constructed channel.”
This definition is only valid for one-dimensional hillslopes and soil erosion research plots and under furrow irrigation and
farming systems. The concept of slope
length is quite inappropriate for three dimensional landscapes where the terrain
causes convergence and divergence of overland flow. Such situations represent most
applications of USLE and RUSLE. The reason
that the slope length is inappropriate is that
in USLE and RUSLE it is used as a surrogate
of catchment area above a point, and hence
of runoff and discharge. The concept of specific catchment area (drainage area per unit
width orthogonal to the flow direction), as
outlined by Moore and Wilson (lo),is conceptually and physically a far superior surrogate for runoff and discharge than is slope
length. For a non-converging and non-diverging hillslope, the concept of specific
catchment area is identical to that of slope
length and so is compatible with existing approaches for this special case.
Renard et al. (13) say that “more questions and concerns are expressed about the
L factor than any of the other USLE factors.
One reason is that the choice of a slope
length involves judgment, and different
users choose different slope lengths for similar situations.”
We certainly agree with this statement.
One of the major reasons for this difficulty is
that the concept of slope length is incorrect
and inappropriate. However, it continues to
be used and applied because of the inability
of researchers and practitioners to escape
from a one-dimensional view of the world.
Research scientists argue about the values of
the exponent in the length-slope factor in
minute detail (e.g., Foster’s comments), but
seem happy to ignore the limitations of and
the errors caused by the slope-length concept in applications to real landscapes. Another deficiency in the development of
RUSLE has been the retention of the slopelength concept at a time when significant
advances were being made in both terrain
and spatial analysis, as illustrated below.

Sou loss in irregular terrain
Equation (20) in Moore and Wilson (20)
hypothesized that the change in sediment
transport capacity may possibly serve as a
measure of the erosion and deposition potential in a cell. While this equation does
represent the change in transport capacity
for the transport-limiting case, what is really
of interest is the soil loss per unit, Y, in a
given cell. For the transport-limiting case,

Foster has correctly shown that Yshould be
written as
[A:;+ (sin&)" - A$:
in&)^]
yj=$
(35)

4

where q a n d Axj are the soil-loss and
flow-path distance in cell ij, respectively, @
is a constant, and j and j - signify the outlet
and inlet of cell j , respectively.
We would like to build on Foster's discussion and show how the Foster and Wischmeier (3) approach for the detachmentlimiting case can be expanded to more fully
take into account terrain attributes such as
slope, profile curvature, specific catchment
area, and convergence and divergence of
flow in complex 3-D terrain.
There is a large body of empirical evidence that suggests that the sediment flux,
qs (kg r n - l sl) at any point in a catchment
can be approximated by the following relationship:

such as USLE and RUSLE, then ar,/ax=O
and equation (39) becomes

yx=kl Ap,(az/ax)n-l [nA,(awax2) +
(p + 1) (adax) ( a ~ , / a ~ ) i r p 1 (40)
This equation represents the effects of
topography on soil loss in 3-D terrain for the
detachment limiting case and is a more complete form of the equations derived by Foster and Wischmeier (3).The terms in this
equation A, aA, /ax, a d ax, and a2z/axz
are topographic attributes that can be readily
calculated by terrain analysis (8, 9).
For a non-converging or diverging hillslope (i.e., a simple hillslope), dA,/dx= 1
and equation (40) becomes
+

This equation not only contains a slope
term ( a d a x ) , but also a profile curvature
term (a2z/ax2)that describes the rate of
change of slope. This last term is ignored in
the Foster and Wischmeier (3) equation
[Foster, equation (911. For a planar slope
(a2z/ax3= 0 and equation (41) reduces to

where qx is the specific discharge and p is
the slope angle at x, and p and n are exponents. The USLE and RUSLE soil loss equations are consistent with this relationship, if
the reader is prepared to accept the arguments that follow, that the slope factor is
well described by a power function relation- which is the USLE and RUSLE equation for
ship. In RUSLE and USLE, p varies with soil loss at a point.
slope and is dependent on the susceptibility
of the soil to rill erosion, relative to interrill Soil loss in irregular terrain: An exerosion.
emplary catchment
The specific discharge qx = AJ,,
where
A, is the specific catchment area (m' ml) We can illustrate the consequences of reand rx is the rainfall excess (dm2s').The taining an outmoded and inappropriate
slope-length concept like that used in RUSLE
sin p term can be written as
by examining the LS values computed for a
small agricultural catchment in Montana. The
(37)
topographic map reproduced in Figure 1
was prepared from a plane table and geowhere z is the elevation of the land surface logic alidade survey by Pings (12).The conand x is the distance in the aspect direction, tours were digitized with ARUINFO, exporti.e., in the direction of steepest slope. A use- ed to an ASCII file as a series of x,y,z points
ful approximation of equation (37) is sin0 = and converted to a regular grid with ANUazbx, for which the error ranges from 0 at DEM (4). The TAPES-G (7) suite of terrain
0% slope to 4.4% at 30% slope. Therefore, analysis programs was then used to comequation (36) can be rewritten as
pute the slope gradient, flowpath length and
specific catchement area terms required for
the RUSLE and M W LS equations [see Table
1 , ( l o ) ] for each of the 689 30m x 30m
cells. TAPES-G used digital versions of the
The sediment loss per unit area,
catchment boundary and channel system
Y, (kg m -z S-9,is Yx= aqsx/ax, yielding
mapped by Pings (12) to delineate the
catchment boundary and channel system, respectively, the Rho8 (random-eight node) algorithm with a multiple drainage path option to determine flowpaths and upslope
If the rainfall excess per unit area is as- contributing areas for those cells above desumed uniform (i.e., rx= r), as is commonly fined channels, and the Rho8 algorithm to
assumed in most simplified erosion models direct flow below the cells marking points of
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Table 1. Comparison of USLE, RUSLE and MW slope factors and USLE and RUSLE slope
length exponents, m.
Slope

(W

0.5
1.o
1.5
2.0
3.0
4.0
5.0
7.0
8.0
9.0
10.0
12.0
15.0
18 0
20 0
25.0
30.0

USLE

S factors
RUSLE

0.090
0.1 18
0.149
0.183
0.261
0.352
0.456
0.703
0.845
1.Ooo
1.167
1.537
2.181
2.926
3.475
5.018
6.776

0.084
0.138
0.192
0.246
0.324
0.462
0.569
0.784
0.891
1.Ooo
1.172
1.502
1.992
2.476
2.795
3.575
4.327

L factor exponent, m
USLE
RUSLE*

MW
0.024
0.058
0.098
0.142
0.241
0.350
0.467
0.723
0.859
1.ooo
1.145
1.448
1.925
2.425
2.767
3.647
4.547

0.2
0.2
0.3
0.3
0.3
0.4
0.4
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.085
0.149
0.201
0.244
0.320
0.361
0.401
0.459
0.482
0.517
0.518
0.546
0.590
0.601
0.614
0.640
0.658

* For a moderate rillAnterrill ratio

Table 2. Relative incidence of simple and complex hillslopes in a small Montana
catchment.
Class

Ratio of

No. of cells

Minimum
1
2
3
4
5
6
7
8
9
Totals

3.35
0.21
0.21
0.54
0.00
0.00
0.26
0.1 2
3.09
0.00

1
15
103
123
110
144
128
62
3
689

50.40
0.41-0.80
0.81-1.20
1.21-1.60
1.61-2.00
2.01 -3.00
3.01-5.00
5.01-10.0
>10.0

Slope gradient (%) -___
Mean
Maximum
3.35
5.14
6.61
7.08
5.22
5.98
6.96
5.42
4.58
6.25

3.35
19.44
23.14
33.91
30.06
27.49
25.82
19.95
6.52
33.91

.

Table 3. Comparison of RUSLE and MW length-slope factors for selected cells in a small
Montana catchment.
Cell ID
1
2
3
4
5
6
7
8
9
10
11
12
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Slope

(“w
1.7
11.0
7.7
1.8
6.0
3.0
4.5
1.3
5.3
1.7
3.9
1.o
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A

Ag

(m)

(m2m-l)

129.9
129.9
99.9
117.4
57.4
172.3
129.9
334.7
15.0
15.0
15.0
15.0

88.2
96.0
102.9
127.8
76.2
236.4
233.4
649.5
33.6
39.0
60.9
61.8

Ratio of
A, l A
0.68
0.74
1.03
1.09
1.33
1.37
1.80
1.94
2.24
2.60
4.06
4.12

RUSLE
LS

MW
LS

0.39
5.26
2.59
0.40
1.47
0.89
1.38
0.32
0.72
0.23
0.53
0.15

0.29
3.26
2.1 1
0.35
1.36
0.89
1.44
0.42
0.83
0.20
0.71
0.12

LOCATION W

-

*

1 Meter Contours
Watershed Boundary
Ephemeral Channels

Sample Points

Figure 1. Map showing the 12 cells in the area surveyed.
channel initiation.
We can compare the flowpath length (m)
and specific catchment area (m2m-l) terms
on a cell by cell basis to determine the relative incidence of pIanar hillslopes versus
those where terrain causes convergence and
divergence of overland flow. Table 2 shows
the number of cells (and typical slope gradients) classified according to the ratio of specific catchment area to flowpath length. The
third class contains only 103 cells and approximates the planar or one-dimensional
hillslope for which the RUSLE slope-length
concept is appropriate. Classes 1 and 2, and
4 through 7 contain the most cells (76%) and
represent those cells located above the
channel system on diverging and converging
hillslopes, respectively. The final three classes with ratios of specific catchment area to
flowpath length greater than 3.0 contain
those cells that make u p the 2.5 km long
user-defined channel. We have reported
minimum, mean, and maximum slope gradients with these data because the differences

in the RUSLE and MW S estimates vary with
slope gradient (Table 1) and these differences are carried forward with those due to
converging and diverging hillslopes in Table
3 (discussed below).
Table 3 shows the flowpath lengths, specific catchment areas, slope gradients, RUSLE
LS and MW LS values that were computed
for the twelve cells located in Figure 1. Two
cells, one representing gentle and the other
steep slopes, were chosen from classes 2
through 7 of Table 2 for this part of the
analysis. The LS equations reported in Table
1 of Moore and Wilson (10)were multiplied
by an (m+l)term so that we could compute
LS for individual cells in accordance with
standard practice (as noted by Foster). These
results capture the effects of using different
equations for slope gradient (see Table 1 for
details) and of including the effects of threedimensional hillslopes in the MW equation.
The cells with steep slopes minimize the differences due to slope gradient and the ordering of the cells from low to high ratios of
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specific catchment area to flowpath length
meant that the effects of convergence of
overland flow on the MW LS values becomes more pronounced from top to bottom
in Table 3. Overall, the results in Tables 2
and 3 confirm that planar, one-dimensional
slopes are very rare in nature and that the
inclusion of terrain terms to account for the
convergence and divergence of overland
flow has a large impact on the computed LS
values for the majority of cells.

Summary
The exponent m in RUSLE does vary and
is bounded between 0 and 0.56, rather than
0 and 1 as proposed by McCool et al. (5)
and Foster. This range also appears to fit the
observed data very well (6). In the limiting
case where rill processes dominate, rn =
0.56, and the LS factor is indeed a measure
of the sediment transport capacity. A power
function with exponent n = 1.22 (i.e., 1.3) at
all but very low slopes (where the relationship is almost linear) fits the slope factor
data as well as the existing RUSLE S factor
relationship and has a physical basis. Equation (20) in Moore and Wilson (10) only
represents the change in sediment transport
capacity for the transport limiting case. Foster has demonstrated the appropriate equations for estimating soil loss per unit area.
We have developed and demonstrated a
more general form of the equations for the
detachment limiting case that includes additional terrain attributes that enhances its application to 3-D terrain.
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Comments on Moore and Wilson
D. K . McCool

M

oore and Wilson presented an interesting development of a procedure
to calculate LS factors for the
RUSLE. The analysis, which appears to follow logically from their assumptions, is limited to rill erosion and the transport limiting
case.
On the other hand, the developers of the
LS relationships currently in use in RUSLE
(3,4)relied heavily on field and plot erosion
data including both rill and interrill erosion,
with use of theoretical development to provide the forms of the relationships. The relationships did not assume, nor did the data
indicate, transport limiting conditions.
A specific data set indicates limitations of
the Moore and Wilson approach. Extensive
rill erosion data were collected from fields in
the Palouse Region of the Northwestern
Wheat and Range Region (NWRR) from 1973
through 1983 (2). The data for complex
slopes from 9 to 56% indicated slope length
and steepness relationships, LS for erosion
prediction of

[

Ls=
where LS

=

il

=

8

=

sinsin5.14”

p”

slope length and steep
ness factors
horizontal slope
length in meters
slope angle in degrees

N o interrill erosion data were collected,
and all measurements were taken above the
footslope position where deposition occurred. In fact, we observed no deposition
above the footslope.

When runoff and erosion events included
rain or snowmelt on thawing soils we usually found larger amounts of deposition, extending slightly farther upslope, indicating
that transport capacity was reached but only
at the footslope where velocity decreased
significantly. Erosion for even this thawweakened condition was apparently limited
by detachment, not transport, for almost the
entire slope length. The fitted slope steepness exponent of 0.6 is quite different from
the theoretical value of 1.22 developed by
Moore and Wilson. Use of the Moore and
Wilson slope steepness exponent for the
NWRR would result in overprediction of soil

loss from steeper slopes of the region.
The assumption that detachment is directly related to the 1.5 power of m&e force t is an a p
proximation to compensate for lack of knowledge of values of tc. Otherwise, detachment
would be related duectly to (t - tc). Soils in the
NWRR are frequently thaw weakened at the
time of erosion and tc should be quite small.
This is reflected in the slope steepness exponent
of 0.6. Following the assumptions and calculations of Moore and Wilson, and assuming detachment is directly related to tractive force t,
then the slope length exponent for the NWRR
data should be two-thirds of 0.56 or 0.37. This
was not the case. It appears that the assumptions of Moore and W h n are not truly g e n d
for erosion prediction fiom rills.
The authors indicate their procedure is
appropriate for predicting soil loss from
three-dimensional landscapes and watersheds. Such procedures would be useful
because runoff from U.S. cropland almost always converges into a larger channel such
as a concentrated flow channel or grassed
waterway before exiting the field. However,
it has not been proposed or assumed that
RUSLE hydraulic processes would apply
where concentrated flow erosion or deposition is a part of the runoff conveyance system. A major reason for the Water Erosion
Prediction Project (WPP) was the need for
predicting erosion and deposition in concentrated flow channels. It is doubtful that
the authors’ LS relationship would make
RUSLE more applicable to a strongly converging watershed .
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