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PURPOSE OF HANDBOOK

Managing forest soils require knowledge of
factors that cause and reduce soil losses. Forests
are often managed to produce muldple goods
and services; most of these products are dependent
upon the basic resource—soil. How the forester
manages a site influences the productivity of the
soil and the amount of goods and services pro-
duced on that site. Forest management practices
vary in impact wpen sheet and rill crosion, The
soil loss prediction procedure presenicd in this
handbook provides a method for estimating sheet
and rill erosion for various practices. The same
procedure is useful for planning forestry prac-
tices that will mimmize erosion, and for under-
standing the cause and effect relationships
between management practices and erosion,

The procedure presented is based wpon an
empirical equation, the Universal Soil Loss Equa-
ton (USLE) (7). The USLE was developed for
agriculture with increasing use on forest land. The
USLE has been modified to better predict sheet
and rill erosion on forest land (1), The cover-
management factor C was modified; and it is now
possible to assign an approximate C value for most
forest conditions. The prur_“l:dur: was validated
using research plots and watersheds.

The C=Factor procedure for forests isanadapra-
ton of a system developed by Wischmeier
(¥, 6) and Wischmeier and Smith (7) for agricul-
wral land where the component subfacrors affect-

mg C are evaluated to assign a compasite C
value. Nine subfactors have been identified and
this approach provides great flexibility in assign-
ing a C value. However, the use of nine subfactors
presents problems of consistency in application
and in interpretation of the subfactors.

This handbook's goal 15 to provide consistent
application and interpretation of subfactors in the
field. Words alone will not suffice; therefare, the
text is accompanied by illustrations. Where ap-
propriate, these illustrations are given numerical
values to provide consistent rating of feld
conditions.

It is bevond the purpose of this handbook to
discuss the origin of the USLE and its application
to agriculture and construction sttes. These sub-
jects are covered in Agriculture Handbook 537 (7).

The USLE estimartes sheet and rill erasion where
forest management activitics and other causes ex-
posc soil to the erosive encrgy of rainfall and
runoff. Erosion is defined as the amount of soil
delivered to the toe of the slope where either
deposition begins or where runoff becomes con-
centrated. The USLE does not estimate gully,
landslide, soil creep or stream channel erosion.
Mor does it estimate deposition at the toe of the
slope, sediment yield, or erosion from a single
storm. Fiual]}'. the USLE should not be u.pplim:l Lo
mechanical site prepared areas treated by bedding.



UNIVERSAL SOILLOSSEQUATION

The crosion rate of a given site expresses the
influence of numerous physical and management
factors. Over the years, several soil loss equations
have been developed to estimate erosion for various
agriculture conservation planning  programs.
These equations were attempts to extrapolate
limited research data to the wide variety of condi-
tions found in the field. The USLE has evolved w0
become the best available model to predice
erosion for a large portion of the United States:
its application is being expanded to other regions
and countrics (7).

The USLE was developed o predict long rerm,
average soil losses in runoff from specific field
areas in specified cropping and management
systems in agricaloure (7). This means if the
site and cover conditions remain fixed, theaverage
erosion for 20 or more years could be estimared
by the USLE. Obviously, site, rainfall and cover
factors vary by season of year and over time.
How to develop a weighted erosion rate for these
changing conditions is discussed later.

With appropriate selection of its factor values,
the USLE estimates the average scil losses for
rotation of timber, recovery period of a dis-
turbance, a particular year within the recovery
period, or a season within a particular year of a
recovery period. It predicts the soil loss for a given
site as a product of six major factors whose values
at a particular location can be expressed numer-
ically. Erosion variables reflected by these factors
vary considerably about their means from storm
to storm, but the effects of these fluctuations
average out over the long run. Because of these
unpredictable short-term variations, the USLE is
substantially less accurare in predicting specific
events and short periods, than for predicting long
tEFM averages.

The soil loss equation is: A = RELSCP

Where: A is the computed soil loss per unit
area, expressed in the units selected
for K and for the period selected for
. In pncric:, these are usual]}' S0
selected that they compute A in tons
per acre per year, but other units can
be selected.

[35]

R. the rainfall and runoff factor, is
the number of rainfall erosion index
umits, plus a factor for runoff from
snowmelt or applied water where
such runoff 1s sdg;n:iﬁr:nt.

K. the soil erndibility factor, is the soil
lass rate per erosion index unit for a
specificd soil as measured on a unit
plot, which is defined as a 72 6-foor
length of uniform 9-percent slope
continuously in clean-tilled fallow.

L, the slope-length factor, is the ratio
of soil loss from the field slope lengeh
to that from a 72.6-foot length under
identical conditions.

S, the slope-steepness factor, is the
ratio of soil loss from the field slope
gradient to that froma¥-percent slope
under otherwise identical conditions.

., the cover and management factor,
is the ratio of soil loss from an area
with specified cover and management
to that from an identical area in tilled,
continuous fallow.

P, the support practice factor, is the
ratio of soil loss with a suppore prac-
tice like contour disking to that with
straight-row farming up and down
the slope.

Applying the USLE

The USLE is used o estimate sheet and nill
erosion from rainfall and runoff. The erosion
estimate is made by muluplying the values for the
six factors (RKLSCP). Values for these factorsare
derived from figures, tables, published informa-
tion, and field observations.

The rainfall and runoff factor R 1s read from
figure 1. To make an erosion estimate, locate the
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area on the map and note the R value shown there.
R values can be interpolated between isoerodent
lines. R values range from less than 50 to 550 EI
units. One EI unit equals 100 (foot tons/acre)
(inches/hour). Rain in low R regions occursusually
as low intensity storms, with low annual precipita-
tion. High R's generally reflectalarge occurrence
of intense spring and summer thunderstorms and
high annual precipitation.

Some soils are more erodible than others. The
soil erodibility factor K accounts for this vari-
ability in soils. Usually, K values range between
0.1 and 0.5 tons per acre per year per unit of R on the
unit plot. K values are available for most soils from
the Soil Conservation Service (SCS). If the desired
K values cannot be obtained from SCS, refer to
the soil erodibility nomograph in Appendix II.

Erosion increases as slope length increases.
However, there is a practical limit to the maxi-
mum length to be found in the field. Slope length
is defined as the distance from the origin of over-
land flow to the point where either the slope
gradient decreases enough that deposition begins
or the runoff becomes concentrated. Surface
runoff will usually concentrate in less than 400
feet. Some typical slope lengths are illustrated
in figure 2.

Slope-steepness factor S reflects the influence of
the gradient of a uniform slope on erosion. How-
ever, slopes are often not uniform, but concave
or convex. An irregular slope procedure is pre-
sented in Appendix III to evaluate concave and
convex slopes. Values read from figure 3 and table
1 are for uniform slopes.

Figure 2.—Slope length examples,

Legend:

Slope A. If undisturbed forest soil above does ot yield surface runoff, the top of slope starts with edge of undisturbed forest soil
and extends down slope to windrow §f runoff is concentrated by windrow.
Slope B. Point of origin of runoff to windrow if runoff is concentrated by windrow.

Slope C. From windrow to flow concentration point.

Slope D. Point of origin of runoff to road that concentrates runoff.

Slope E. From road to flood plain where deposition would oceur.

Slope F. On nose of hill, from point of origin of runoff to flood plain where deposition would occur.
Slope . Point of origin of runoff to slight depression where runoff would concentrate.



L and § are evaluated together from table 1 or
figure 3. Slope is read in percentusing aclinometer,
Abney level or similar device, Slope length is
paced, measured, or estimated in the field.

C, the cover-management factor, is based upon
field observations of the nine subfactors described
in the next section. The nine subfactors are (1) the
amount of bare soil, (2) canopy, (3) scil reconsoli-
dation, (4) high organic content, (5) fine roots, (6)
residual binding effect, (7) onsite storage, (8)
steps, and (9) contour tillage. The ninth is part of
the supporting practices P factor of the USLE.
Values for C are obtained by multiplying the
values of the appropriate subfactors for a given
condition. Sites fall into rtwo disturbance cate-
gories (untilled or tilled) and the subfactors o
consider are grouped by category in table 2. Disk-
ing and deep root raking break up or till the soil,
and make it more susceptible to erosion. The
observer must inspect cach site to determine which
subfactors are operating and derive subfactor
values from figures and tables presented in the
following section.

A couple of examples will show the useof the USLE
in cstimating erosion:

Example 1.—Logging in central Georgia ona 10-
percent slope with a 120-foot slope length on a
soil having a K value of 0.24 rons/acre/El umt.

Table 1.—Values of the topographic factor,
LS, for specific combinations of slope
length and steepness.'

Siope lesgth (et
"'.':":' T . B ]
azr sa pash 004F GOFS 008D QOB 00T O0FF 003
as ... &Y DE3 OM) S pd M 1R 128
o . 3 o T - N | 113 B3 a3 ral o L14R
B et i35 4% ids 500 3T 38 w0 i
3 . Lo Wm0 T A BT A3 QM 400 4T
d R T TR« N 1 - R - | s AN AT
5 Sk ATF a8 AW TR I 14F
B _iiee... O ATA SE1 4T MM B2 L7 0
[ ] ... AR TE1 HWF B2 01 140 0LTT 5@
L] ABS  MEE LIF 13T 18 R4 RIIF 174
| - I L] 138 1.5 VE ORI 2185 13 4
14 .. 4 [T ] 1 13 201 13F  3FE 4NF
i .. 14T Ton Tas  RB4 3B 400 d¥R SR
] - L. 17T a1 28T 241 4 dBe BF3 AT
w» ... 704 TEE 31851 a0 A0 AN TOT MM

L% = ASTEETT (B5AT sind + 455 wn @ + 006 ] where & = slope lengeh in
fear: B = angle of dloge in degrees) and m = 0.2 for gradients less than 1
percent, L3 (o 1wz 3 percent alopes, 14 for 3.5 mo 4.5 percent slopes, and
0.5 far ;tq'pln of & pErcent or Ereshee (T

C for logging equals 0.004 (the derivation is
described later).

R = 300 El units/year (figure 1)
K = .24 rons/acre/El unit

LS =15 (figure 3)
C = 0

A = (300) (24) (1.5) (.004)
A =043 tons/acre/year

Example 2.—Site preparation by disking for tree
planting in Morthern Michigan on a 2-percent
slope with 100-foot slope length and a soil having a
K value of 017 tons/acre/El unit. The cover-man-
agement factor is 0.118(the derivation is described
later).

R = 75 EI units/year {figure 1)
K = .17 tons/acre/El unit

L5 = .201 (table 1)
C =118

A = (75) (.17) (.201) (.118)
A = 030 tons/acre/ year

The same site preparation treatment in the central
Georgia site in cxample 1 would have produced:

A = (300) (.24) (1.5) (.118)
A = 127 rons/acre/ycar

These examples illustrate the importance of
lacation, slope, slope length, soil and management
UpOn CTosion.

Table 2. Potential subfactors by disturbance
category

Disturbance category
Tilled  Untilled

Subfactor

Bare soil X
Canopy X
Soil reconsolidation X
High orgamic content
Fine roots

Residual binding
Digpression storage
Sreps

Contour tillage
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COVER-MANAGEMENT FACTOR(C) FORFORESTS

Logging, fire, grazing, mechanical site prepar-
ation, wildlife and other activities disturb and
destroy cover, exposing soil to the erosive cnergy
of rainfall and runoff. An undisturbed and totally
covered forest soil usually vields no surface runoff:
thus, it has no sheet and nll eroston (4). Although
these actvities and their end results vary, C factor
values can be assigned to cxpress these conditions.
P is included as a subfacror for our purposes. Ex-
perimental daea arc not available for this wide
range of condition on forest land. Consequently,
we adapted a system developed by Wischmeier
(5, 6) and Wischmeier and Smith (7) where the
component subfactors affecting C are evaluated
and used to develop a composite C.

Wischmeier (6) identified three major sub-
factors: (I} canopy, (II) surface cover, and (111}
below surface effects. The Type 1 subfactor can
be further broken intoeffectsfor soil detachabiliry,
roughness, land use residual, and incorporation
of crop residue (5). This procedure for subfactorin
C was further validated for ecropland in Agriculture
Handbook 537 (7). It is this basic procedure that
we used with appropriate additions and modifica-
tions, to develop a procedure for evaluating C
factors for torest conditions. The cover-manage-
ment factor C procedure presented here should be
used instead of tables 11 and 12 in Agriculture
Handbook 537 (7).

Forest Subfactors

Major subfactors operating in the forest en-
vironment arg:
(1) amount of bare soil, or conversely, ground
cover, (2) canopy, (3) soil reconsolidation, (4)
high orgamic content, (5) finc roots, (6) residual
binding cffect, (7) onsite storage, (8) steps, and
(9) contour tillage. Subfactors 12356 and 7
have direct counterparts in agriculeural practices,
especially conservation tillage. The eighth docs
not occur m most agricultural sitvations. The
ninth is part of the supporting practices P factor
of the USLE. A value for the composite C factor
1s a product of valucs for each of the subfactors
operating in a given forest situation.

Bare Soil Subfactor

Erosion is a function of the amount of cxposed
soil. Cover such as litter, slash, logs, and surface
rock protects the soil from the crosive forces of
raindrop impact and runoff (figure 4). Protected
and undisturbed forest soils have infiltration rates
that usually exceed rainfall intensity (4). Ex poscd
forest soils arc subject 10 soil detachment by
raindrop impact. Also, they yield surface runoff,
which potentially erodes soil and transports
detached soil from the slope. The observer esti-
mates the percent of the area in bare soil. Figure 5
is a guide for estimating the arca occupied by
bare sol.

and rumof],

The relationship for the bare soil subfactorisan
adaptation of Wischmeier's (6) curve for the
cffect of surface cover. His curve was adjusted
for ground cover greater than 80 percent to give
no erosion at () pereent bare soil. In the forest, 20
percent bare soil is generally a healed or an un-
disturbed condition (figure 6). Generally, no
runoff occurs, thus no erosion. In contrast, agri-
cultural soils are regularly tilled and, even with
zero bare soil, runoff and slight erosion can occur,
which is reflected by the 0.04 value from Wisch-
meier’s curve at zero bare ground.



Bare soil in forests tends to be in parches random-
|1_,r distributed over the area fﬁgltlr.‘ -|':|. These
patches are usually much larger and much fewer
than the numerous small bare spots in agriculrural
situations that are typically uniformly dis-
tributed. Runoff generally occurs uniformly from
both bare and mulch covered areas of agricultural
soils. In contrast, covered patches in forests often
vield no runoff or sediment. Runoff and sedi-
ment from bare patches reaching the toe of the
slope in forest situations depends on the mnter-
connection of bare arcas. Runoff from a bare area
OO a2 i,'l.:'|."1,'r1.‘|.| areca may be fnmp]ttflj’ absorbed,
This further warrants the modification of Wisch-
meier's curve (6) below 20 percent bare soil.

A patch of ground cover in a largely exposed
area usually has a very high ground cover per-
centage within its boundaries; this area is not
eroding. Surface runoff is usually directed around
such patches.

If forest, brushland or desert situations are
encountered thar are similar to agriculture con-
ditions, where bare soil is uniformly distributed
i small p:m.'ln:'t {on the order of 4 square inches),
runoff occurs uniformly from both bare and
covered areas, and some runoff occurs when the
soil is completely covered; Wischmeier s(6) mulch
effect curve may be used instead of the procedure

described in this handbook.
Canopy Subfactor

Vegetal canopy intercepis rainfall and collects
water on its foliage. Water drops form and fall wo
the ground. Drops falling from the canopy may be
larger than the original raindrops, but they fall
from a low canopy; the energy of the drops reach-
ing the soil surface is less than thar of rainfall in
open areas. Some of the intercepred rainfall never
reaches the ground, but is evaporated during and
after the storm. Some of the intercepred raintall
reaches the ground as stemflow and may contri-
bute to runoff. Wischmeier (6) developed values
for the canopy subfactor that depend on foliage
density and average drop height. Figure 8 illu-
strates the average drop height, which is approxi-
mately the midpoint for several types of canopies.

This subfactor applies only to the canopy above
bare soil (figure 9). Canopy over litter is not in-
cluded because the surface cover is the con-
tralling factor here (figure 6). Canopy 1sevaluated

by estimating the percentage of bare soil having
canopy over it (tigure 8), and the average drup
height of the canopy. The open area within the
canopy where rain can pass is not counted as partof
the canopy.

Evaluation of canopy in most forestry situations
is different than for agriculwere (6). In forests,
canopy often is not uniformly distributed, nor
is the hare soil. Areas of forest soil with un-
disturbed liirer cover u.ﬂ.m“j.' }'ichl i surface

om
0| —
&
O
w
Llre
=

Figure S=—Cuide for estimating density of bare soil, comapy,
Jine roots and steps.



Figure 6.—A totally protecied forest soil,

runotf, whereas covered agricultural soil often
docs. Wischmeier's (6) reduction of the canopy
tactor assumes uniform conditions and some
surface runoff even from areas of covered sol.
Forest canopy over bare soil reduces erosion from
rainfall detachment erosion; because no surface
runoft occurs from protected soil, canopy s given
full credit.

It forests, brushland and desert conditions are
t"l]".“.‘:lll]‘]“"rt'{l ‘-’ﬁ"}]{'rt [.'&11'!(}}‘.:}’ i'-]'ﬂ{'] b:ﬂ'{: E«.U]-_]_ are L”'_I]I.—
formly distributed as in agricultural situations,
and the observer has rli’rTi{:u]tj,' estima |:i11g the
canopy cover over bare soil; Wischmeier (6] pro-
vides a procedure for reducing canopy cffect for
this situation. Both the above and Wischsmeier's
procedures produce the same answer.

Soil Reconsolidation Subfactor

Sail reconsalidates and hecomes less erodible
over time after land is retired from tillage. After
7 years, erosion of p]ms at Zanesville, Ohio, re-
duced to 45 percent of the crosion while main-

tained in tilled, continuous fallow {5). The 0.45
value {.'nrru::qnm:lﬁ to the C facror for undismarbed
land with no cover (7). This soil-type subfactor
15 necessary because the soil :_‘m[]ibi]it}r factor K
15 derived from tlled soils in continuous fallow:
that 1s, continuously void of vegetatlve Ccover.
The relationship for decrease in erosion over
time as soil reconsolidates is shown in figure 10.

For untilled forest soils, the soil reconsolida-
tion subfactor is 0.45 (figure 7). However, if the
soil 15 tilled h}-‘ [11'.&]1'1!15__{, or rootraking 2 inches or
fmore c].f:f.‘p, this subfactor b::ginh at 1.0 and de-
creases with time after wllage (figure 11). To
evaluate soil reconsolidation, the observer deter-
mines whether the soil hasbeen tilled or not, and +f
tilled, how long ago.

High Organic Content Subfactor
Under permanent forest, topsoil accumulates a
high organic matter content that is not considered
in the USLE soil erodibility nomograph (7] which
only goesashigh as 4 percent organic mateer. With
good management, organic matter content can



Figure 7.—Nonuniform distribution of bare soil.
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Figure 8.— Canopy effect and typical drop heights for three types of vegetation.
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be maintained in agricultural soils, but seldom
will it be as high as that under permanent forests.
This higher organic content results in permanent
forest soils being less erodible (figure 12). Wisch-
meier and Smith (7) recommend multiplying by a
subfactor of 0.7 to account for the high organic
content of permanent forest soils. Topsoil should ex-
ceed 4 percent organic matter and be more than 1 inch
thick to qualify.

However, forests on recently abandoned farms
have not had time for a high organic content to
accumulate in the topsoil; thus, no adjustment
is made (figure 13). This latter situation is common
in the Piedmont and Coastal Plain regions in the
South. The observer will need to dig a few shallow
holes around the site to determine if 1 inch of top-
soil is present or not.

Fine Root Subfactor

A dense mat of fine roots is usually present in the
top 2 inches of forest soils (figure 14). Even after
the trees are removed, the residual root mat will
partly protect soil from erosive forces of rainfall

and runoff by holding soil in place. Little data are
available for this effect. Thus, we used Wisch-
meier’s (6) curve for the effect of a grass root net-
work to describe the protective effect of the roots.
His curve was used after the reconsolidation effect
was removed, since he had combined both into a
single curve. The fine root mat effect of trees is
described by the curve in figure 15.

® o

B o

)

Reconsolidation value

o
o

Years since last time soil was tilled.
Figure 10.—The subfactor for soil reconsolidation
after land was last tilled.



Sometimes the site is exposed by removal of the
surface organic material, while the topsoil with its
fine root mat is left in place. Where equipment has
removed the topsoil, the fine root mat is usually
eliminated. The observer estimates the percentage
of bare soil having this effective root mat in place
(figure 5). To qualify as an effective root mat, a
fine root should be present in each 1/4-inch square
area (figure 14). Careful examination is often
required to see fine roots.

Figure 12.—Highly organic topsoil,

Figure 11.—Mechanical site preparation by disking.

W

Sometimes roots extend laterally, radiating out
from invading vegetation, often far beyond the
crown. Other vegetation extend their roots straight
down under the root collar with no fine roots in the
soil surface (figure 16). Therefore, when evaluating
this subfactor, the observer must estimate the percent-
age of the disturbed bare soil now occupied by roots of
invading plants (figure 5).

R s
ANt

Figure 13.—Soil lacking highly organic topsoil.
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Dense, fine root mat of trees.

Figure 14,

If forest, brushland or desert situations are en-
countered that are similar to agricultural condi-
tions, where bare soil is uniformly distributed in
small patches (on the order of 4-square inches),
runoff occurs uniformly on both bare and covered
areas, and where covered areas do not divert runoff;
use the percent of the total area rather than the
percent of bare soil. This adjusted procedure must

be used with Wischmeier’s (6) mulch-effect
curve.

Residual Binding Effect Subfactor

The erosion response of a soil depends on the
soil’s recent history. That is, there is a residual or
carryover effect when the land use or condition
changes. When a soil that has not been tilled for
some time is cultivated, erosion immediately after
it is first tilled may be much less than it willbe2 to3
years later. At first the soil has a fairly good struc-
ture: fine roots and organic matter bind soil into
more stable aggregates (figure 17). With time, this
ettect decays and the soil becomes more erodible.

The magnitude of the effect, and itsduration, isa
function of the amount of roots and organic matter
in the soil at the time of tillage, plus structure and
permeability of the subsoil. Four residual condi-
tions have been identified:

g

ELD

.§ 8

86

24

E 2

2% 20 a0 & 80 00
WL Percent of bare soil with fine roots

Figure 15.—The subfactor for fine roots in the top
1 to 2 inches of soil.

[y

. Topsoil has good initial fine root mat; and sub-

soil has good structure and permeability

(figure 17).

2. Topsoil has poor initial fine root mat; subsoil
has good structure and permeability.

3. Topsoil is absent with poor initial root mat;
subsoil has good structure and permeability
(tigure 18).

4. Topsoil is absent with poor initial fine root mat;
subsoil has poor structure and permeability.
The four residual conditions were adopted from

USLE data for residual effect of turned sod (7).
This subfactor is evaluated by inspecting the

site for the presence or absence of topsoil, a good

fine root mat in the topsoil, and by determining the
structure and permeability of the subsoil. The
subsoil can be inspected in nearby road cuts.

Onsite Depression Storage Subfactor

Not all detached soil may be delivered to the
toe of the slope; a portion may be stored locally
in depressions. Onsite storage opportunities in-

Figure 16.—Area of bare soil influenced by fine roots
af invading vegetation,
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Figure 17.—Condition 1 residual binding effect.
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Figure 18.— Condition 3 residual binding effect.
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Figure 19.—Subfactor for onsite depression storage
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Figure 20.—Very linle depression storage
thus a rating of 0.9.
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Figure 21.—Depression storage in tracks and behind berms,
with a rating of 0.7.
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clude depressions such as stump holes, berms
turned up by tractor treads, dips created by bull-
dozers, slits cut by choppers, rolled-up debris, and
voids between clods, as shown in figures 19 to 23.
Coefticients for onsite depression storage (rough-
ness) were developed from USLE soil loss ratios(7)
and from Wischmeier’s (5)analysis of conservation
tillage systems. Values range from 0 to 1 for forest
conditions. A “0”" means that all detached soil is
stored on site, and a ““1”" means no storage.

The observer evaluates onsite depression
storage by estimating the proportion of the exist-
ing onsite erosion that will be trapped in these
depressions. To geta depression storage value close
to 0.0, the site must usually have a small amount
of exposed soil and erosion adjacent to depressions
that can trap and hold most eroded soil.

The observer must be careful not to count de-
pression storage in disked areas as it is accounted
for in the contouring subfactor.

Step Subfactor

Surface runoff often washes debris down slope
until it lodges. This debris forms dams which pond
water and collect sediment. When these ponds
are full of sediment, they form steps, as shown
in figures 24 and 25. Steps also form behind roots,
clumps of vegetation and other obstacles, and
when depressions fill with sediment. Also, ma-
chinery can form steps. For example, the tracks
marks of a tree crusher traveling up a steep slope
have the configuration of steps.

Steps reduce slope steepness on the area occupied
by steps. Approximately 100 steps were measured
throughout the Southeast, with the average slope
being 3 percent. The step subfactor was developed
by assuming that the portion of the slope covered
by steps acted as short slope segments of 3
percent steepness. Further, runoff was assumed to
flow uninterrupted across the steps. The relation-
ship for steps was developed by assuming that the
steps were small and randomly distributed, and
by applying Foster and Wischmeier's (3) irregular
slope procedure. The step subfactor is evaluated
by estimating the percentage of the slope occupied
by steps(figure 5) and measuring the slope gradient.
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Figure 22.—Chopper slits trapping most of the erosion,
with a rating of 0.1.

Contour Tillage Subfactor

Disking on the contour generally reduces sheet
and rill erosion by reducing runoff amount and
velocity in comparison with tillage up and down
slope, which is the standard or base condition
assigned 1.0 in the P factor of the USLE (5, 7). Site
preparation by disking is similar to agricultural
tillage. However, disking on the contour in forests
is usually judged less effective than contouring
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Figure 23.—Very litle erosion with large depression storage,

with rating of 0.0
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Figure 24.—Steps formed behind debris dams.
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from row ridges in farm fields. Therefore, we
modified the USLE P factor values (7) for disking.

Disking equipment should be operated on the
contour (figure 11), but this is not always practical,
resulting in ridges and furrows being oriented
at an angle to the contour. As furrows and ridges
increasingly deviate from the contour, their
effectiveness decreases (figure 26). As the grade
aIDng the furrow increases, transport capacity of
runoff in the furrows increases and the amount of
material deposited in furrows quickly decreases.
The value for this subfactor is a function of degrees
off contour by the furrows and land slope.

At this time, the use of the USLE contour sub-
factor or even the USLE to mechanically site
prepared areas that have been bedded is not
recommended. Additional research is needed for
this special situation.

Sediment
accumulation

i
/3% _ .

L
' Debris dam

" Clump of grass

- - = Original ground line

Figure 25.—5tep formation.

Figure 26.—Contour tillage subfactor.
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CFACTOR EVALUATION

Subfactor values are derived from field ob-
servations and tables 3 to 8. Table 3 combines the
cffects of bare soil, fine roots, and soil reconsolida-
tion for untilled soils. Tables4a, b, ¢ and d are for
tilled soils which express subfactors for bare soil,
soil reconsolidation, and residual binding effects.
Values for the remaining subfactors are given
in other tables and figures.

Most forest management practices or disturb-
ances do not normally till the soil; that is, logging,
burning, grazing, chopping, chopping and burning,
and shearing and windrowing. Disking and root
raking till the soil.

The following examples illustrate the use of
the procedure and subfactor tables. The first
situation is a disked site that is 6-months old on a
10-percent slope. The site has 70 percent bare soil,

‘with a canopy over 20 percent of the bare soil. The
canopy height is 0.5 meters. Topsoil is present,
containing a good, fine root mat. The subsoil has
good permeability and structure. Vegetation has

invaded, with new, fine roots occupying 235
percent of the bare soil. Half the new roots are
lateral. The disk furrows are 20 degrees off
the contour. The subfactor values are:

Subfactor Source of

Subfactors _value value
Bare soil, residual binding,

and soil reconsolidation 194 Table 4a
Canopy A3 Table 5
Invading vegetation 82 Tableé
Contour tillage B9 Table 8

The cover-management factor{C) for this disk-
ed site becomes:
C = (.194) (.83) (82) ( 89)
C=0.118

The second example, logging on a 10-percent
slope, is an untilled situation: Logging exposed 15
percent bare soil, 30 percent of which has a 1.0-

Tahble 3.—Effect of bare soil, fine root mat of trees, and soil reconsolidation on

UNTILLED SOILS.

Percent of bare soil with dense mat of fine
roots in top 3 centimeters of soil.

Percent
bare sail 00 9% B0 7 6 50 4 ¥ X 10 .0
i A0
1 0004 0004 0005 0006 0007 0008 0010 002 0014 0016 D018
2 0008 0008 L0010 0012 0014 0017 0020 0023 0027 0031 0036
5 003 003 003 004 005 006 007 008 009 011 012
10 nos 005 006 008 000 011 M3 015 017 020 023
0 011 012 014 017 020 024 028 033 038 o044 O
30 017 .08 020 025 029 036 .42 050 059 068 0V
A 023 024 027 034 042 049 058 068 079 092 1M
540 030 032 038 045 054 064 074 088 103 118 (135
Gl 037 038 .43 055 067 079 082 09 127 147 167
70 047 049 054 068 083 008 117 138 161 187 212
B 055 0S8 066 OB1 008 118 141 164 192 21 D52
85 0656 065 078 095 115 138 .165 195 228 24 300
1] 075 080 089 .11 133 157 187 222 260 301 042
a5 086 090 102 125 155 (182 217 255 9B .45 392
100 B9 .04 17 444 80 207 248 293 M2 396 450

M



Table 4. —Effect of bare soil, soil reconsolida-
tion and residual binding on

TILLED SOILS.
4a.—Good initial fine root mat in top-
soil and subsoil has good structure

and permeability.

meter high canopy over it. All the bare soil has a

fine root mat. The topsoil has a high organic con-

tent, 3-inches thick. Steps occupy 10 percent of the

slope, Depression storage was evaluated at 0.9,
The subfactor values are:

Subfactor § f
Time (months) since tillage  gubfactors :-nl::s ; ﬂm;i-‘ﬂﬂ
Percent vatue
b il 0 & 12 and 24 + th :
aners 7 4 &0 e Bare soil and fine roots 0,008 Table 3
C 0,74 Table s
0 0000 0000 0000  .0000 S;‘:::P}’ 094 Table?
; $$ 0017 008 0020 Depression storage 00,90 Figure 19
5 -mq ﬂ'ﬁj gﬁf‘ ::1:1 High Organic content 0,70 Discussed
10 A9 022 :[L'H Lﬁﬁ - ) g e
20 037 045 049 056 Logging with these conditions pru:-du-:es the
10 050 064 0174 -ﬂ-ﬂ-"r r{'n-"-;:lwihg C factor value:
40 85 A5 04 A17
0 108 124 136 153 € =(.008) (.79) (:94) (.90) (-70)
0 137 157 472 1% C = I
0 J6% 94 S 2 240 ; :
an 12 24 267 301 The C factor values just determined are for
85 241 Eer jﬂ_‘i. .HE one point in time, for a fixed condition. Bur,
50 474 115 344 ";HH conditions often th:ngr_ asa disturbance heals, and
05 '.“3 11'!'.'1“ '3,;3 q.q.q by seasons of the year. If a C factor value is being
100 3-150 ::‘14 'Aw ISI-I} developed to represent a recovery period or a
4b.—Poor initial fine root mat in topsoil. Subsoil has good structure and permeability.
Time (months) since tillage
Percent
bare soil 0 6 12 thru 48 60 T2+
36
i L0000 UL L) O RN LMK Ny
1 0021 A3 25 L2 02 D018
2 L0422 A7 JOHSD 045 JHH S0
5 A4 A15 A& A5 13 1117
10 27 J31 133 JA2a 126 023
20 JI58 A65 WL ) M54 44
30 JET A1UE JA03 JE2 A2 Rire!
40 JA22 35 44 i | 115 J0d
50 159 A7 8% 6T 150 d35
Al 2 224 2349 213 L] JT
i} 249 27 20 63 L2235 212
Rib e I JdH 52 330 J295 266
Tl A3 A48 AT9 A3 380 342
L& Aid 513 S A47 A5 S02
11K} 53 LS00 ) ] LS 50
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4c.—Poor initial fine root mat with topsoil absent. Subsoil has good structure and permeability.

Time (months) since tillage
Percent

bare soil 0 6 12 24 36 48 60 T2+
1 JNZR A9 030 24 U026 A2 D020 JME
2 I L0058 59 M057 052 045 040 036

5 A8 A9 Ay 18 A7 M5 013 o2

10 M36 138 038 37 034 29 D26 A2

20 A76G 07 A0 077 A0 6 054 49

30 d15 120 J21 A6 107 L M85 AI74

40 A61 d6% L1170 A63 150 29 A15 Ji4

50 210 220 222 213 J95 168 A50 35

) 266 279 281 20 247 213 A80 A7

70 329 M5 M7 s S0 263 235 212

& 413 432 A5 419 334 S50 295 e

85 469 491 A95 AT6 A36 75 335 . 174

1 S32 557 S62 540 A94 A26 330 42

95 H09 %] Ha3 618 S A87 435 S92

100 T 733 T35 J10 S50 560 500 AS0

4d.—Poor initial fine root mat with topsail absent. Subsoil has poor structure and permeability.

Time (months) since tillage
Percent

bare soil 0 f 12 24 36 48 60 72+
| 0032 033 0033 L0030 0026 S22 0020 A018
2 S0 A6 A065 A5G 052 0045 D040 J36

5 021 022 021 19 017 A5 A3 o2

10 042 043 D43 JI38 J134 029 026 023

20 86 089 A8 S0 070 060 054 A9

30 131 136 A3 122 107 092 JE4 Ar74

40 184 190 188 A70 A50 129 J15 A04

50 240 248 245 222 195 168 A50 135

6l S04 314 a1 281 247 213 ) i |

70 376 JRG R4 S4B 306 263 235 212

80 A72 A88 A83 437 84 350 295 266

85 536 554 548 496 436 575 335 302

0 608 529 H22 b2 A94 A26 380 a2

95 06 719 J12 o 566 487 435 392

100 800 827 .18 740 650 560 500 450




vear, a weighted C factor value must be approxi=
mated that reflects changes in subfactors with
ume. Changes in subfactors can be decumented
by field observations throughour either the year
or the various stages of recovery.

Rainfall erosivity (R) often varies by season of
year and should be recognized in devcloping a
weighted C factor value. Distributions for R are

given by Wischmeier and Smith (7); see Appendix
I. For a year, a weighted C factor value can be
approximated by multiplying the seasonal C factor
values times the seasonal R values, summing the
products (CR) and dividing by the annual R. This
procedure i3 the same as computing a C factor
value for a crop rotation on agricultural land
described in Agriculture Handbook 537 (7).

Table 5 ~—Canopy Subfactor

Percent of bare soil with canopy cover

Canopy height
meters (Jeet) 0 10 20 30 40 50 60 70 8O 90 100
0,5-{1.5) 100 ¥ B3 74 66 SR 49 41 A2 24 A6
1.0-{3.2) 1.0 93 B 79 32 5 58 5l H 37 30
2.0-(6.5) 1.0 A5 80 A5 80 a5 ] 65 Bl .55 S
4.0-13.0) 1.0 97 95 92 90 8 B &2 M M .74
6.0-{19.5) 1.00 8 a7 96 a4 3 82 M) A9 87 A5
8.0-(26.0) 1.00 R 08 a7 96 95 5 g 3 93 92
16.0-{52.0) 1.0 1.00 99 Rt A8 S8 98 7 97 96 S
20.0-(65.0) 100 100 100 100 100 100 100 1.0 1.00 1.00 1.00

Table 6.—Fine roots of invading plants on TILLED SOIL.

Percent bare soil =

- ; ine oot
with fine roots e

] 1.000

10 87

20 iy

30 A5

40 56

5 A7

il A0

70 M

i ..

Gl 24

100 .

23,



Table 7.—Step effect on slope.

Percent of total slope in steps
Percent
31.1.1[}:
0 10 ] 30 40 50 ) T0 B0 ) 100
5 1.06) 99 4 R a7 s A5 04 Sd 93 o2
il 1.00 97 R ] 02 B9 Bb ] A1 .78 6 g3
7 1.00 96 92 BB A4 B by L 1 A7 63 59
H 1.0 A5 L*1] B5 B ) ] A 59 o A
9 1.00 4 B9 B3 a7 i | B3 Sl 54 44 42
1] 1.00) A4 A7 B ] i) A2 Sh A4 43 36
12 1.0 93 5 T8 1 63 56 A9 A2 4 27
15 1.00 A2 54 i 67 5 1 A3 M4 26 A8
20 jLL A B2 74 %) 5 A7 38 25 20 A1
30+ (R ¥ A1 g2 63 53 e 5 25 A5 ¥
Table #,.—Contour tillage subfactors.
Percent On Degrees off contour
slope contour 15 n 45 il )
(=2 0.80 ] o o4 T 1.00
3-7 0,70 B2 BT Rl S 1.0
A-12 (1RO A1 A4 96 1.00
13-18 0.5 S 6 7 R ] 1.00
19+ 1.0 1.00 LA 100 00 1.000




VALIDATION

This procedure was tested using data from
forest research watersheds in northern Mississippi,
western Tennessee, and Morth Carolina, and
research plots in South Carolina. The four plots
and 35 watersheds were located in the Southern
Coastal Plain, Mississippt Valley Siley Uplands,
and Southern Piedmont. The plots were abour
0.0% to 0,13 ha and the watersheds ranged between
0.2 and 1.0 ha, averaging 0.5 ha. The forest man-
agement conditions covered a wide range: undis-
turbed, clearcut, strip cut forest, and a variety
of site preparation treatments including bed-
ding, chopping, disking, shearing and windrow-
g, and shearing, windrowing and seeding with
grass,

Observed dara included sediment yield, record-
ing ramgage charts, soils maps of the watersheds,
periodic ground cover surveys, and descriptions
of conditions from onsite inspections. Sediment
yield (SY) at the plot or warershed outler is given
by

5Y = RKLSCP + Channel Erosion-Deposition

Variables B,K L,5,Cand Pare the USLE factors.
Their product gives the USLE estimate of soil loss
tor the end of the slope as defined for the USLE. The
USLE does not estimate deposition by overland
flow or channel flow, nor gully, or stream channel
crosion., Gully and stream channel erosion and
deposition were estimated from field observa-
bons.

Standard procedures (7) were used to estimate
R from EI (storm energy times maximum 30-
minute intensity ), computed from raingage charts
for each storm that occurred over a 9= to 12-month
period. The value used for R was the sum of the
El's for the study period rather than the average
annual R value normally used in the USLE when
the equation is used in planning.

The LS factor was approximated using the
Foster and Wischmeier (3) procedure for estimat-
ing sotil loss from irregular slopes. Soil erodibility
factor values for K were obtained from the SCS,
and were assigned to the sites based upon soil maps
and field inspection. Values for factors C and P

were estimated by the procedures described
above,

We estimated sediment yield for each treatment
using the sediment yield equation before the
measured sediment yield data were supplied o us,
to aviodd ]Ji.'-lsill[.r, the Computations. The calcwlared
sediment yield estimates were sent to Stanley .
Ursic and James E. Douglass, USDA Forest
Service rescarchers at the Southern and South-
eastern Forest Experiment Stations, respective-
ly, where the watershed data originated. The plot
data were supplicd by forest industry researchers
i South Carolina. The measured valuesare ploteed
against the estimated values in figure 27. The
points are about equally distributed around the
line of perfect fit. The regression line for the
vilidation data is close to the line of perfect fir,
and has an B2 of 0.90. The standard error of the
estimate is 1.43 metric tons per hectare, which is
71 percent of the mean, measured, sediment yield.

Estimates of soil loss are most accurate for Iugh
erosion rates, 1.0 metric tons per hectare and
greater. The percentage error in soil lossestimares,
with the USLE, seemed to increase as the estimare
decreases. As bare soil decreases to less than 10
percent in forests; its nonuniform distribution is
such that the probability of eroded soil reaching
the toe of the ﬂnpc was hig]‘l]}' variable, Inter=
vening litter, storage opportunitics, presence or
absence of runoff paths, and continuity of bare
soil are variable factors contributing to the error
of estimates at low values.

The field data for this validation are subject to
error. Errors could be |:1rgi: in the estimates of
deposition and channel erasion from ficld observa-
tons. Also, the time period only included 9 o 12
months of precipitation. At least 10 years of data
is preterable for good estimates of the average,
annual soil loss. However, forest disturbances
heal too rapidly to provide opportunities to study
the same condition year after year on the same plot.
There are also errors in the estimates of the soil
eradibility factor K. However, these are the hest
data available, to our knowledge. Good quality
data to develop and validare the USLE for forestry
conditions remains an important need.
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CONCLUSIONS

Results of the validation suggests that the
procedure gives reasonable values for the USLE
cover-management factor C for forest conditions.
This procedure incorporates many factors that
affect sheet and rill erosion on forest land, and
properly reflects their influences. The procedure
provides a means for evaluating C factors for a
broad range of conditions thar could not he

appraised with a tabular classification system.
Furthermore, the results of the validation demon-
strate that the USLE can be used to estimate sheer
and rill erosion for forest conditions where the
equation appropriately applies. The procedure
for estimating factor C values is recommended as
a replacement for tables 11 and 12 in Agricultural
Handbook 537 (7).
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APPENDICES

The following appendix material provides
the necessary information and evaluation dara
for the R.K.L and § factors of the USLE, The
appendix 15 divided into sub-appendices for
factors RK,L and S, Appropriate sections of
Agriculture Handbook 537 (7) are reproduced
in these appendices so that all the necessary
material is under one cover. The numbers for
tables presented in this handbook do not cor-

respond to figure and table numbers in Agriculture
Handbook 537. The figure and table numbers
referred to in the following excerpts from Agri-
cultural handbook 537 are enclosed in brackers
ndicating that the figure or table was used but
the number was changed. Material shown in in-
dented paragraphs is from Agriculture Handbook
537. Additional comments are presented to I-u-lj-.
apply the USLE factors to forest land.



APPENDIX I: RAINFALL EROSION INDEX (R)
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Table 10.—Kinetic energy of rainfall
pressed in foot tons per acre
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called sioerodents because they connect point
of equal rainfall erosiviry. Erosion index values
for locations between the lines are obtained by
lincar interpolation.

The iscerodent map in the original version of
this handbook was developed from Z2-year sta-
tion rainfall records by computing the EI value
for cach storm that met the previously defined
threshold criteria. ocrodents were then located
berween these point values with the help of pub-
lished rainfall intensity-frequency daa and
wpographic maps. The 11 Western States were
omiteed from the initial map because the rainfall
patterns n this mountainous mg‘i.m ars ;pnr.idic
and not encugh long-term, recording-rain gage
records were available o establish paths of equal
erosion index values.

The isoerodent map was extended to the Pacif-
ic Coast in 1976, by use of an estimating proce-
dure. Resules of investigations at the Runodf
and Soil Less Data Center ar Purdue University
showed that the known erodion index walues in
the Western Plains and North Central States
could be approximated with reasonable accuracy
by the quantity 2738 P*", where P is the 2-
year, 6-hour rainfall amount. This relationship
was nsed with Natonal Weather Service isoplu-
vial maps w approximate erosion index values
for the Western States. The resulting isoerodents
are compatible with the few point valses char
had been established within the 11 Western States
and can provide helpful guides for conservation

M

planning on a site basis. However, they are les
precise than those compured for the 37-5tate area,
where more dats were availsble and rainfall
patterns arc bess erratic. Also, linear interpola-
tions between the lines will nor always be ac-
curate in mountain regions because valoes of the
erosion index may change rather abruptly with
elevauion chamges, The point values thar were
computed directly from lomg-term station rainfall
records i the Western States are included
[.H'-I.Hl.' ]t] as rzﬁ:r:n;\: PoEnLE

[Figure 1] shows thar local, average-anmual
values of the erosion index in the 48 conterminous
Seates range from less than 50 to more than 300 B
units. The eosion inﬂ:':l: measures the combined
effect of rainfall and it associated runeff. IF the
soil and ropography were exactly the same every-

where, average annual soil lowses from plots
maintained in continuows fallow would differ
in direct proportson to the erosion index values.
However, this potential difference is partially
offict by differences in soil,  topography,
vegetative cover, and rendues.

If fairly accurate estimates are needed for a site
In a mountainous region and recording raingage
data are available, a better estimate of R can be
obtained by computing R from several years, pre-
ferably 22, of record. This procedure is discussed
later in this appendix.

Seasonal Distribution of R

Average annual rainfall erosivity (R) does not
completely describe the effects of local differ-
ences in rainfall pattern on soil erosion. Rain-
fall crosivity varies from month to month, and
from season to season of the year.

The distribution of R throughout the year is
important in planning erosion control strategies
in forestry. Figure 28 shows three typical EI dis-
tribution curves. To minimize erosion, the critical
erosion stage of a forestry practice should be
planned 1o avoid the period of highest EI, if
practical.

The distribution of El can vary within short
distances in mountainous regions as illustrated in
table 11. Thus, figure 29 was not extended into
mountainous areas by Wischmeier and Smith (7).
However, El distribution curves were developed
for homogenous EI arcas for the East (figure 29
and table 12).



Table 11. —Monthly distribution of ET at selected raingage locations.
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Figure 28,— Typical EX-distribution curves for Figure 29— Key map for selection of applicable EI-dinriburion
three rimfull patierns. duta from table 12.




Table 12.—Percentage of the average annual EI which normally occurs between January 1 and
the indicated dates.! Computed for the geographic areas shown in figure 28.
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Computing R from
Recording-Rain Gage Records

The procedure for computing R is presented
here for use with mountainous locations or where
R index data are not available.

depends on the sdzes and termanal velocities of

the raindrops, and these are related 1o rainfall

'ihll-‘rl-'ii-!'!-'- The L‘m'l1|1l.1lnl CHEFRY por inch of ramm

at each intensity is shown [rable 10], The energy

of a given storm depends om all the intensitities at

which the rain sccurred and the amcunt that

occurred at each intensity. A recording-rain gage

13

record of the storm will provide this information.
Clock time and rain depth are read from the chart
av cach point where the slope of the pen line
changes and are abulated as shown in the firse
two colummns of the sample compuration in [rable
9]. Clock rimes (col. 1) are subtracted to obuain
the time mrervals given in column 3, and the
depths (col. 2) are subtracted w obtain the
incremental amounts bulated in columna 4. The
mtensity for cach increment {col. 5) is the
incremental amount times 60, divided by column
ki )

The energy per inchi of rain in cach interval
(onl, &) is obrained by entering [w@ble 10] with the
intensity given in column 5 The incremental



energy amounts (col 7) are products of columns 4
and 6. The total energy for this %-minute rain is
1,284 foot-tons per acre. This is multiplied by a
constant factor of 104 to convert the storm
energy to the dimensions in which EI values are
expressed.

The maximum amount of rain falling within 30
cotsscutive mingtes was 1 08 in., from 4227 to4:57
Lo is twiee 1.08, or 2.16 inches/hour. The storm
El value 1284 (2.16) = 27.7 hundreds of (foot
tons/acre) {incheshour). When the duration of a
storm it less than 30 minutes, la is twice the
amount of the rain.

The El for a specified time is the sum of the
computed values for all significant rain periods
within that time. The average annual erosion
index for a specific locality, as given in [ fgure 1]
is the sum of all the significant storm EI valuss
over 20 to 25 years, divided by the number of
years, For erosion index caloulations, b hoser or
meope with less than 0,5 inch of precipitation was
Jefined as a break between stosms. Rains of less
than 0.5 in, wp;nmd from other showers by &
haur or more, were omitted as insignificant unless

the maximum 15-minute intensity exceeded 0.95
inchs/hour.

Recent studics showed that the median dropsize
of rain does not continue wo increase for intensines
greater than about 25 w3 iochevhour.
Therefore, caergy per unit of rainfall also does
nOt Continue o incTexse, as was assumed in the
derivation of the energy-intensity table published
in 1958, The valus given i [table 10] for rainat 3
inches/hour should be wsed for all greater
intensities. Also, analysis of the limited soil loss
data available for occasional storms with 30-min.
intensities greater than 2.5 inches/hour showed
that placing a limit of 2.5 inches (6.35 cm J/hour on
the [ component of El improved prediction
sccuracy for these storms. Both of these limits
were applied i the development of [figure 1].
They slightly lowered previously compated
crosion index wvalees m the Southease, bat
average-annual El valaes for the U5, mainland
ather than the Southeast were not significantly
affected by the limits because they are rarely
exceeded.



APPENDIX II: SOIL ERODIBILITY FACTOR (K)

The meaning of the term “soil eradibility” is
distinctly different from that of the werm “sail
erosion,” The rare of sod erosion, A, in the sadl
loss esation, may be influenced more by land
slope, rainstorm characteristics, cover, and man-
agement than by inherent properties of the soil.
However, some soils erode more readily than
others even when all ather factors are the ume.
This difference, caused by propertics of the soil
iself, is referred to as the soil erodibility,

Differences in the namral suscepeibilities of
wils o erosion are difficult o quantify from
ficld ohservarions. Even a sodl with a relatively
low erodibility factor may show signs of serios
erosion when it occurs on long or steep slopes or
in localities with numerous high-intensity rain-
storms. A soil with a high nawral erodibality
tactor, on the other hand, may show linde evi-
dence of acmaal erosion under gentle rainfall
when it occurs on short and gentle slopes, or
when the best possible management is practiced.
The effeces of rainfall differences. ’1""'?"" CONVET,
and management are accounted for in the pre-
diction equation by the symbols R,L,S,, and P,
Therefore, the soil erodibilivy factor, B, must be
evalnated independently of the effects of the

ather facrors

Definition of Factor K.

The sodl erodibility factor, K, in the USLE isa
quantitative value experimentally determined.
For a [ur:icul.u sandll, it o5 che rate of sodl loss per
L TR irhlf! unil a8 measared o a PH L plm:,
which has been arbirearily defined as follows: A
unit plot is 726 fr. long, with a uniform lengih-
wise !-]'-'I'FE' of 9 percent. i continnous Fallowr,
tilled up and down the dope. Continuous Fallow,
for this purpose, is land thar has been tilled and
kept free of vegeration for more than 2 vears.
Dhuring the period of wodl loss measurements, the
plot is plowed and placed in conventional com
secdbed condition each spring and s rilled as
needed 1o prevent vegetative growth and severe
surface crusting. When all of these conditions
are met, L, 5, C, and P cach equal 1.0, and K
equals AJEL

The 72.6 fr. length and % percent sieepness were
selected as hase values for L, 5, and K becanse they
are the predominant slope length and about the
average gradient on which past erosion measure-
ments in the United States had been made. The
designated management provides a condition that
nearly eliminates effects of cover. management.
and land wse residual and that can be duplicated on
any cropland,

Direct measurements of K on well-peplicared,
umt plots as described reflect the combined
effects of all the sail properties that significantly
influcnce the case with which a particular sodl i
eraded by rainfall and runoff if nor provecred.
Hewever, K is an average value far a given sl
and direct measarement of the factor requires
5-'-“' ]I.'Iﬂ- MELSUrEmenes I’m a fl.'P.I:I.'H:ﬂ'.Itl'i'['
range of storm sizes and  antecedent  soil
conditkns.

Values of K for Specific Soils

PBepresentative valucs of K for most of the soidl
types and texture classes can be obtained from
tables prepared by soil scientist using the latest
available research information, These tables are
available from the RBegromal Technical Service
Cemizrs or State offices of $CS. Values for the
exact soil conditions ar a specific site can he
computed by use of the soil erodiblity nomo-
graph [figure 30).

Soil Erodibility Nomograph

The soil loss data show that very fine sand
(005010 mm) is comparable in erodibility
stlt-sized particles and dhat mechanical-analysis
data are much more vahble when expressed by
an interaction term thar describes the proporiimn
in which the sand, silt, and clay fractions are
combined in the soil. When mechanical analy-
sis data hased on the sandard USTA classification
are wsed for the nomograph in [figure 30]. the
percentage of very fine sand (.01-0.05 mm) must
first be transferred from the sand fraction to the
silt fracvion. The mechanical ql].il'!,ltii dara are
then ':'ﬂ'-t':'.'“'ll"tl}' deseribed |.'|'!.' 3 p:lr:iu_'lf-j,jz.c
parameter M, which l.'qll'-lll- percent st |:H.f|-
0.002 mm) times the quantiny 100-mimus-percent-
:!|4!|.'. Where the sl fracten does not excend
T} PERCERE, -H'-l:ldil:ill.tr VAres .:]1]1-rnxima |:|_-|:.- as
the 1.14 power of this parameter, bur prediction
accuracy is improved by adding information on
organsc matter content, il stawctare, and profile
prrrru'u.'hi]i!'!.' class.

For soils containing less than 70 percent sils
and VEEY fine sand, the nnrrﬂsgr:iph ['ﬁgur'c oL |
solves the equation:

K2 AME (10°%) (12-a)  0,0325(b-2) + 0.025(c-
3} where:
M =the particle-size parameter defined above,
1 Spercent Organic matter,
b =the soil-structure code used in sodl classifi-
cation, and
¢ =the profile-permeability class.
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The intersection of the selected percentesilt and
percent=sand lines computes the waliae of M on the
unidentificd horizontal scale of the nomograph.
[Percent clay enters mnto the computation as 100
minus the percentages of sand and silt.)

The darta indicate a change in the relatgon of
M 1o eredibalicy when the sile and very fine sand
fraction exceeds about 70 percenr. This change
was empirically reflected by inflections in the
percent-sand curves at that poins, but has not been
described by a oumerical equation.

Nomograph Solution

With appropriare dara, enter the scale ag the
left and proceed to points representing the wil's
pereent sand (01020 mm), percent organic
matece, structure code, and permeabilicy class
as illustrared by the dotted line on the nomograph.
The harizorral and vertical meves must be made
in the listed nce. Use linear interpolations
between plotted lines. The structure code and

emeability clases are defined on the nomo-
graph for reference.

Many agricultaral soils have both fine
granular wpsoil and moderare permeability.
For thesc sails, K may be read from the scale
labeled “first approximation of K.” and the
scond block of the graph is not needed. For all
other soils, however, the procedure must be com-

w

plered o die soil E.I'ﬂl.!i.bill!'rlu' scale in the secomd
balf of the graph.

The mechanical analysis, organic mateer, and
structure data are those for the topsoil. Por eval-
pation of K for desurfaced subsoil horizons, they
permain to the upper & inches of the new soil
profile. The permeability class is the profile
permeability. Coarse fragmenes are excluded
when determining percentages of sand, slt, and
clay. If coarse rock fragmenns cause a permanent

mualch effect, they are considered as ground cover
in the bare soil subfacror.

Confidence Limits
In rests against measured K values ranging from
003 o 0.6%, tons/acre/El unit, 45 percent of the
romograph solutions differed from the measared
vi|1.lt!-|n"]|.-u than 002, and 95 Percvcn[ of them
bjl' lesa Il!li.'l'lﬂ M ronsSaeres Bl umie. Limared daca
available in 1971 for mechanically exposed B and
C sbsoil honizons indicated abour comparable
accuracy for thess conditions, However, more
recent data taken on desurfaced high-clay sub-
soils showed the unmrh_g_'raph solecion o lack e
desired sensirivity todifferences in erodibilities of
these soil Borizons. Por such sotls the content of
free irom and aluminom oxide: mank:s next to
particle=size  distribugion as an  indicator of
erodibility.



APPENDIX lll: TOPOGRAPH FACTOR (LS)

Both the length and the steepress of the land
sdope sabstantially affect the rate of soil erasion
by water. The two effects have been evaluared
separately in research and are represented in the
soil loss cquation by L and 5, respectively. In
field applicanions, however, considering the two
as a single ropographic factor, LS, is often mare
ConVERient.

Slope

Sail los increases muoch mwore rapidly than
ranoff as slopes stecpen. The slope-sieepness
factor, 5, in the soil loss squation ks evaluated
by the cquation

§ = 65,42 sin " = 4.5 sin § + 0.065
where @ 15 the angle of slope in degrees.

Slope Length

Slope length is defined as the distance from the
poing of nrig'n of overland flow to the point
where either the slope gradient decreases enough
that deposition begins, or the runol | becomes con-
centrated. A well defined steeam channel or ditch
need not be present.

The plot data showed average soil loss per
unit area to be proportional to a power of slope
length. Because L is the ratio of field soil boss
to the corresponding loss from 72.6-fr slope

, e vahoe may be r::l:prn:::d a5 L= [WT2AT

where & is the feld slope length in feet and m
ASFLIES :ppm:im:wl;.‘ the values given in the LS
eguation in the Fn||nw:r||!q aeC i

of 1 to 3 percent, and 0.2 of uniform gradients
of less than 1 percent.

Irregular Slopes

Sl loes is also affected by the shape of a slope.
Many Feld slopes either seecpen toward the
lower end {convex sbope) or flatren towand the
lower end [concave dope). Use of the average
gradient to enter [figure 3 or able 1] would
underestimate =il movement to the foot of a
convex shope and would overestimare it for con-
cave shopes. leregular slopes can wswally be di-
vided into segments that have a nearly uniform
gradient, but cannot be evaluated as independent
slopes when runcff flows from one segrcns 1o the
o] 19

However, where two simplifying assamptions
can be accepted. LS for irregular slopes can be
routinely derived by combining selected values
from the slope-effect chart and [rable 13]. The
assumptions are that (1) the changes in gradient
are not sulficient 1o came upslope deposition,
amd (2] the irregular slope can be divided inwo
2 small mumber of cqual-length segments in such
s manner that the gradient within each segment
for practical parposes can be considered uniform.

Table 13.—Estimated relative soil losses from
successive equal-length segments

of a uniform slope.!

In forest siruations, the s]q'np:: I:':ugth will ran:lj,' - Fraction of weil lees

Wgwbar ol nagmanh

be more than 400 feet. In natural landscapes, topo- e 0 4L LR Lk
graphic depressions uswally concentrate surface < ; ":: ':":: E";:‘
run off [ figure 2], Strong on-site evidence must be 3.0 " 1 - e
present showing that surface runoff does not con- 2 as 33 E
centrate until some point beyvond 400 feet. . : :: 'ﬁ :::
Topographic Factor (LS) : :: P 3;
LS is the expected ratwo of soil loss perunit arca 4 33 n Y
from a ficld slope 1o that from a 72.6-ft bength of R ' o A1 a1
aniform 9-percent slope under otherwise identi- 2 b 1?7 a8
eal conditions. This eatio for specificd combina- : a el T
tioms of field slope length and uniform gradicnt & o 3 i
3 g 27 1%

may be obuained directly from the dope-effec
chart [figure 3 or table 1] or from the tollowing
CRUREROI;
LS =(A/T260" (65,41 sin’ 84 4,56 sin @+ 0.063)
Where & = slope lengeh in feet:

i = Jllgl.l.'- of EIE'F": n ':I""-Hmtlr and W15 for shopes & 5 percenr. 014 for & peroent slopes, and 0.3 foe 3 por-

m = 1.5 if the peroent shope is 3 or more, cemt or bewj; amd M = sy of equal lengrh soganents ino whach the

0.4 on slopes of 3.5 to 4.5 percent. 0.3 on slopes dhope wan davaded

'l:ll,'nw[d I:I:.' the Formuls

%il bons frmcein = {5 Il::r1:'-.|

Al

i
whese 1 = sepmens seqgaener number; m = dloge kengrh exponcm



Afrer dividing the convex, concave, or com-
plex slope into equal-length segments as defined
carlizr, the procedure s as follows: lust the
segment gradients in the order in which they
accur on the ll-n-]:l:. 'bcgi'm:ing at the upper end.
Enter the slope-effect chare with the tatal dape
length and read LS for each of the listed gradients.
Muluiply these by the corresponding factors from
[nﬂ;ﬂ: |3] and add the Fn:ldu:l: to olbtain LS for
the entire slope. The following tabulation illu-
serates the procedure for a 400-fr convex slope on
which the upper third has a gradient of § perceny;
the middle third, 10 percent; and the lower chird,
15 percent:

110 E 1 L] 1% L 13 o
fegrwei Porvewi Teble 1 ToMe 1 Prodes S b Ll f
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L= 17

ﬁll’ th:‘ COnMCave :hﬁFﬂ: ﬂf'}lﬂ SIS knsl}l, wlrh
the segment gradients in reverse order, the values
in the third column would be lsed in reverse
order. The products would then be 0.573, 0.559,
and 0,492, giving a sum of 2.42 for LS.

The product of LS {columm 3} and the soil loss
factor for a segment [column &) gives the LS for
the segment. This product omes REKC and P
si'uzl an c:.l:i.m:.l::' uf saal  loas I‘m :ihﬂ.i.l.r.iﬂl.'lﬂl
JEH;ITIL"IL‘E-

Rescarch has not defined just how much
gradient change is needed under varions condi-
tons for deposition oF soll parucles of various
ares o T::Eim. but depml.ti.mul areas can be
determined |:|:|.' observation. When the :||1'|-1:-l:
breaks are sharp enough to cause deposition, the
procedure can be wsed o estimare LS for slope
EFH‘D.'[IH .I‘h}'-'f iﬂd hll:l-“" l;.I'I:f d:]‘mlil‘inﬂﬂ ATEd.
Hnwer:-r. it el mot Fr:d:i:l: the total sediment
moved from such an Lnbr:TruFtl:d llnp: because
it does not predict the amount of deposition.

A lrrem & sndl 7 iy mem @ Ao Haiook 4T
Tk oy th et o et

an

Changes in Soil Type
or Cover Along the Slope

The procedure for irregular slopes can include
evaluation of changes in soil type within a slope
length. The products of values selected from
table 1 or figure 3 and table 13 to evaluate LS
tor irregular slopes are multiplied by the respec-
tive values of K before summing. To illustrate,
assume the K values for the soils in the three
segments of the convex slope in the preceding
example were 0.27, 0.32, and 0.37, respectively.
The average KLS for the slope would be obtained
as fnllnws:

L1 [F] b (7] 1] ' 1"

v Tubde i  Tabls it ¥ Frsbuad il Lma KL% e
bl (R I b ™ g
gerimdemi (K i
! Lar o B n L1 57 in
-} L kL] &2 L (5] i
3 S IE Ed L) Ly 1= &1

ElR = [ el

Column 7 gives the KLS for each of the three
segments. These values, multiplied by RCP, give
an estimate of soil loss for each segment. Note
that the soil loss on segment 3 15 16 umes that on
scgment 1.

Within limirs, the procedure can be further
extended to account for changes in cover along the
slope length by adding a column of Segment C
values. However, it does not apply where a
practice change along the slope causes deposition.
For example, a grass buffer strip across the foor of
a slope on which substantial erosion is occurring
induces deposition. The amount of this deposition
is a function of transport relationships and cannot
be predicted by the USLE.



APPENDIX IV: CONVERSION TO METRIC SYSTEM

With the spread of applicarion of the USLE to United States, comversion factors to SI units
other countries and the gradual adoption of the are presented in rable 14.
Systeme International de Unities (SI) in the

Tahle 14.—Conversion factors for USLE factors.

Ta Convert From: Multiply By: To Obrain: Units:
Kainfall intensiey i or Iy, in 5.4 millimeter I
he howur h
Rainfall encrgy € ft-toms 2638 x 107 megajoules M]
per unit of rainfall acre in hectare millimezer ha mm
Storm erosivity  El ft-tons in 01702 megajoules millimeter M) mm
acre hr hectare hour ha kb
Storm erosivioy El fe-tons in x 107 1702 m:E,:_inulu millimerer M] mm
acre |::r ]1.-:1.'1.|l-|: |1mll' |'Ia-| II
Annual erosivity R fe-toms in x 107" 1702 megajoules millimeter M] mm
acre hr yr bectare lsour year hahy
Erosivity R or El fi-tons in x 107°° 1.702 Mewtons N
acre hr hour b
Soil crodibiliey K tons acre hr 0.1317 tons hectare hour tha h
acre ft-ton in x 107 hectare megajoules millimeters halfmm
Soal erodibility K tons acre hr 1.317 tofs hour th
acre fe-tons in x 107" hectare Mewron ha M
Soil boss A Lt 2,242 o t
acre hectare ha
Soil loss A boms 0.2242 kilograms kg
acre meter’ m
Sl lovas A tons .1 kilograms kE
hectare meter m2
Soal loss A kilograms 1000.0 grams i
meter” meter’ m

*Biy chis notation, x 10 ¥ mean numerical values should be mueliglesd by 1060 i ohtain eroe nomenical values in gives enits, For example, B 125 (fe-108
mlacre he} x W07 = 12500 { Feconskiaore brl. The convone i toue for x W07 i che desomanator (2],





