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Preface

The Revised Universal Soil Loss Equation, Version 2 (RUSLE?2) is used to guide conservation
and erosion control planning at the local field office level. RUSLE2 estimates average annual
rill and interrill erosion based on site-specific conditions. In a typical application, the planner
identifies several potential erosion control alternatives for the site and estimates erosion for each
alternative. The planner then chooses the alternative that provides adequate erosion control and
best meets other requirements.

RUSLEZ2 is computer-based technology that involves a computer program, mathematical
equations, and a large database. The RUSLEZ2 user describes a specific site by making selections
from the database. RUSLE2 uses this information in its mathematical equations to compute
erosion estimates for alternative erosion control practices for the site.

RUSLEZ2 can be used to estimate rill and interrill erosion where mineral soil is exposed to the
erosive forces of impacting raindrops and water drops falling from vegetation and surface runoff
produced by Hortonian overland flow. RUSLEZ2 is land use independent and can be applied
wherever these conditions exist. RUSLEZ2 can be used on cropland, pastureland, rangeland,
constructions site, reclaimed mine land, landfills, mine tailings, mechanically disturbed and
burned forestlands, military training sites, and similar lands.

This document describes the RUSLEZ2 science, which is primarily embodied in the mathematical
equations used in RUSLE2. The RUSLEZ2 User’s Reference Guide, a companion document,
describes how RUSLEZ2 works, how to interpret values computed by RUSLEZ2, how to select and
enter values into the RUSLE?2 database, and how to judge the adequacy of RUSLE2. Additional
information is available on the RUSLE?2 Internet site maintained by the USDA-Agricultural
Research Service: http://www.ars.usda.gov/Research/docs.htm?docid=6010. Additional
information is also available on RUSLEZ2 Internet sites maintained by the USDA-Natural
Resources Conservation Service and the University of Tennessee.

Each chapter in this document stands alone with its own list of symbols given at the end of the
chapter. Symbols are defined on their occurrence. Refer to the list of symbols at the end of each
chapter because symbol usage differs between chapters.

RUSLEZ2 uses mathematical equations from several disciplines. In most cases, the symbols that
are common in a given discipline are used in this document, which results in the same symbol

being used for multiple variables, even within the same chapter. Using the typical symbol for a
given variable was considered to be more useful than having a unique symbol for each variable.

Also, topics overlap between chapters. The topics within and between chapters are organized
according to the mathematical structure of RUSLEZ2 rather than along a user oriented structure,
which is followed in the RUSLE2 User Reference Guide. Consequently, the mathematical
representation of key variables such as residue may be discussed in several places in this
document. Cross references to other sections where this variable is discussed are included for
the major variables.


http://www.ars.usda.gov/Research/docs.htm?docid=6010
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Disclaimer

The purpose of RUSLE? is to guide and assist erosion-control planning. Erosion-control
planners should consider information generated by RUSLE? to be only one set of information
used to make an erosion-control decision. RUSLE2 has been verified and validated, and every
reasonable effort has been made to ensure that RUSLE2 works as described in RUSLE2
documentation available from the USDA-Agricultural Research Service. However, RUSLE?2
users should be aware that errors may exist in RUSLEZ2 and exercise due caution in using
RUSLE?2.

Similarly, this RUSLE2 Science Documentation has been reviewed by erosion scientists and
RUSLEZ2 users. These reviewers’ comments have been faithfully considered in the revision of
this document.

Every reasonable effort has been made to ensure that this document is accurate. The USDA-
Agricultural Research Service alone is responsible for this document’s accuracy and how
faithfully the RUSLE2 computer program represents the information in this document.
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Term Description
10 yr EI Storm EI with a 10-year return period
10 yr-24 hr EI Storm EI for the 10 yr-24 hr precipitation amount

10 yr-24 hr precipitation

24 hour precipitation amount having a 10 year return period

Antecedent soil moisture
subfactor

See cover-management subfactors

Average annual, monthly,
period, and daily erosion

RUSLE2 computes average daily erosion for each day of the year,
which represents the average erosion that would be observed if
erosion was measured on that day for a sufficiently long period.
Average period, monthly, and annual erosion are sums of the
average daily values

Average erosion

Average erosion is the sediment load at a given location on the
overland flow path divided by the distance from the origin of
overland flow path to the location

b value

Coefficient in equation for effect of ground cover on erosion,
values vary daily with rill-interrill erosion ratio and residue type

Buffer strips

Dense vegetation strips uniformly spaced along overland flow path;
can cause much deposition

Burial ratio Portion of existing surface (flat) cover mass that is buried by a soil
disturbing operation (dry mass basis-not area covered basis)

Calibration Procedure of fitting an equation to data to determine numerical
values for equation’s coefficients

Canopy cover Cover above soil surface; does not contact runoff; usually
vegetation

Canopy shape Standard shapes used to assist selection of fall height values

Canopy subfactor See cover-management subfactors

Climate description

Input values for variables used to represent climate, stored under a
location name in the climate component of RUSLE?2 database




Concentrated flow area

Area on landscape where channel flow occurs; ends overland flow
path

Conservation planning
soil loss

A conservation planning erosion value that gives partial credit to
deposition as soil saved, credit is function of location on overland
flow path where deposition occurs

Contouring

Support erosion control practice involving ridges-furrows that
reduces erosion by redirecting runoff around hillslope

Contouring failure

Contouring effectiveness is lost where runoff shear stress exceeds a
critical value

Contouring description

Row grade used to describe contouring; stored in contouring
component of RUSLE?2 database; ridge height in operation
description used in cover-management description also key input

Core database

RUSLE2 database that includes values for base conditions used to
validate RUSLEZ2; input values for a new condition must be
consistent with values in core database for similar conditions

Cover-management
description

Values for variables that describe cover-management, includes
dates, operation descriptions, vegetation descriptions, vegetation
production levels (yields), external residue descriptions and
amount applied, cover-management descriptions named and saved
in the management component of RUSLE?2 database

Cover-management

Cover-management subfactor values used to compute detachment

subfactors (sediment production) by multiplying subfactor values; subfactor
values vary through time as cover-management conditions vary
temporally
Canopy Represents how canopy affects erosion; function of canopy cover

and fall height, canopy varies through time

Ground cover

Represents how ground cover affects erosion; function of portion
of soil surface covered

Surface Represents how soil surface roughness affects erosion; function of
roughness roughness index
Soil biomass Represents how live and dead roots in upper 10 inches and buried
residue in upper 3 inches and less affect erosion
Soil Represents how a mechanical disturbance affects erosion;, erosion

consolidation

decreases over time after last disturbance as the soil consolidates
(soil consolidation as used in RUSLE2 represents soil particles
rebonding during soil wetting and drying; rebonding process is not




to occur by mechanical compaction)

Ridging Represents how ridges increase detachment (sediment production)

Ponding Represents how a water layer on soil surface reduces erosion

Antecedent soil Represents how previous vegetation affects erosion by reducing
moisture soil moisture; used only in Req zone

Critical slope length

Location where contouring fails on a uniform overland flow path

Cultural practice

Erosion control practice such as no-till cropping where cover-
management variables are used to reduce erosion

Curve number

An index used in NRCS curve number method to compute runoff;
RUSLEZ2 computes curve number values as a function of
hydrologic soil group and cover-management conditions

Database

RUSLE?2 database stores both input and output information in
named descriptions

Dead hiomass

Represents live above ground and root biomass converted to dead
biomass by kill vegetation process in an operation description;
dead biomass decomposes

Dead root biomass

A kill vegetation process in an operation description converts live
root biomass to dead root biomass; dead roots decompose at the
same rate as surface and buried residue

Decomposition

Loss of dead biomass as a function of material properties,
precipitation, and temperature; decomposition rate for all plant
parts and buried and surface biomass is equal; decomposition rate
for standing residue is significantly decreased because of no soil
contact

Deposition

Process that transfers sediment from sediment load transported by
runoff to soil surface; net deposition causes sediment load to
decrease with distance along overland flow path; depends on
sediment characteristics and degree that sediment load exceeds
sediment transport capacity; enriches sediment load in fines;
computed as a function of sediment particle class fall velocity,
runoff rate, and difference between sediment load and transport
capacity

Deposition portion

Portion of overland flow path where net deposition occurs

Detachment

Separates soil particles from soil mass by raindrops, waterdrops
falling from vegetation, and surface runoff; net detachment causes
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sediment load to increase along overland flow path; detachment is
non-selective with respect to sediment characteristics; computed as
function of erosivity, soil erodibility, distance along overland flow
path, steepness of overland flow path, cover-management
condition, and contouring

Disaggregation

Mathematical procedure used to convert monthly precipitation and
temperature values to daily values assuming that daily values vary
linearly; daily precipitation values sum to equal monthly values,
average daily monthly temperature values equals average monthly
temperature value

Diversion/terrace/

sediment basin

A set of support practices that intercept overland flow to end
overland flow path length.

Diversions

Intercepts overland flow and directs it around hillslope in
channelized flow, grade is sufficiently steep that deposition does
not occur but not so steep that erosion occurs

Elso

Storm (rainfall) erosivity; product of storm energy and maximum
30 minute intensity; storm energy closely related to rain storm
amount and partly to rainfall intensity

Enrichment

Deposition is selective, removing the coarse and dense particles
and leaving the sediment load with increased portion of fine and
less dense particles

Enrichment ratio

Ratio of specific surface area of sediment after deposition to
specific surface area of soil subject to erosion

Eroding portion

Portion of overland flow path where net detachment (erosion)
occurs

Erosivity

Index of average annual rainfall erosivity at a location; closely
related to rainfall amount and intensity; monthly erosivity is
average sum of individual storm values in month, annual erosivity
is average sum of values in year; storm rainfall amount must be %
inch or more to be included in sum

Erosivity density

Ratio of monthly erosivity to monthly precipitation amount

External residue

Material, usually biomass, added to soil surface or placed in the
soil; affects erosion as surface residue and buried residue produced
by vegetation

Fabric (silt) fence

Fabric about 18 inches wide placed against upright posts on the
contour; porous barrier that ponds runoff and causes deposition;
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widely used on construction sites

Fall height (effective)

Effective fall height is the effective height from which waterdrops
fall from canopy; depends on canopy shape, canopy density
gradient from bottom to top of canopy, and top and bottom canopy
heights

Filter strip

A single strip of dense vegetation at the end of an overland flow
path; can induce high amounts of deposition

Final roughness

Soil surface roughness after roughness has decayed to unit-plot
conditions; primarily represents roughness provided by soil
resistant clods

Flattening ratio

Describe how much standing residue that an operation flattens;
ratio of standing residue before operation to standing residue after
operation; values depend on operation and residue dry mass basis.

Flow interceptors

Topographic features (ridge or channel) on an overflow path that
collects overland flow and directs the runoff around hillslope; ends
overland flow path; diversions, terraces, and sediment basins are
flow interceptors

Gradient terraces

Terraces on a uniform grade (steepness)

Ground cover

Represents the portion of the soil surface covered by material in
direct contact with soil; includes plant litter, crop residue, rocks,
algae, mulch, and other material that reduces both raindrop impact
and surface flow erosivity

Ground cover subfactor

See cover-management subfactors

Growth chart

The collection of values that describe the temporal vegetation
variables of live root biomass in upper 4 inches, canopy cover,
effective fall height, and live ground cover; values are in a
vegetation description in the vegetation component of the RUSLE2
database

Hortonian overland flow

Overland flow generated by rainfall intensity being greater than
infiltration rate; although flow may be concentrated in micro-
channels (rills), runoff is uniformly distributed around hillslope

Hydraulic (roughness)
resistance

Degree that ground cover, surface roughness, and vegetation
retardance slow runoff; daily values vary as cover-management
conditions change

Hydraulic element

RUSLEZ2 hydraulic elements are a channel and a small
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impoundment

Hydraulic element flow
path description

Describes the flow path through a sequence of hydraulic elements;
named and saved in hydraulic element flow path component of
RUSLE? database

Hydraulic element system
description

Describes a set of hydraulic element paths that are uniformly
spaced along the overland flow path described without the
hydraulic element system being present, named and saved in the
hydraulic element system component of the RUSLE?2 database

Hydrologic soil group

Index of runoff potential for a soil profile at a given geographic
location, at a particular position on the landscape, and the presence
or absence of subsurface drainage

Impoundment

A flow interceptor; impounds runoff; results in sediment
deposition; represents impoundments typical of impoundment
terraces on cropland and sediment basins on construction sites

Impoundment parallel
terrace

Parallel terraces; impoundments occur where terraces cross
concentrated flow areas; impoundments drains through risers into
underground pipe

Incorporated biomass

Biomass incorporated (buried) in the soil by a soil disturbing
operation; also biomass added to the soil by decomposition of
surface biomass; amount added by decomposition of surface
material is function of soil consolidation subfactor

Inherent organic matter

Soil organic matter content in unit-plot condition

Inherent soil erodibility

Soil erodibility determined by inherent soil properties, measured
under unit-plot conditions (see soil erodibility)

Initial conditions

Cover-management conditions at the beginning of a no-rotation
cover-management description

Initial input roughness

Roughness index value assigned to soil disturbing operation for the
base condition of a silt loam soil having a high biomass on and in
the soil; actual initial roughness value used in computations is a
function of soil texture, soil biomass, existing roughness at time of
soil disturbance, and tillage intensity

Injected biomass

Biomass placed in the soil using an add other residue/cover
process in a soil disturbing operation description; biomass placed
in lower half of disturbance depth (see operation processes)

Interrill erosion

Erosion caused by water drop impact; not function of distance
along overland flow path unless soil, steepness, and cover-
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management conditions vary, interrill areas are the spaces between
rills; very thin flow occurs on interrill areas

Irrigation

Water artificially added to the soil to enhance seed germination and
vegetation production

Land use independent

RUSLEZ2 applies to all situations where Hortonian overland flow
occurs and where raindrop impact and surface runoff cause rill and
interrill erosion of exposed mineral soil; the same RUSLE?2
equations are used to compute erosion regardless of land use

Live above ground
biomass

Live above ground biomass provided by vegetation (dry matter
basis); converted to standing residue (dead biomass) by a kill
vegetation process in an operation description.

Live ground (surface)
cover

Parts of live above ground biomass that touches the soil surface to
reduce erosion.

Live root biomass

RUSLE?2 distributes input values for live root biomass in upper
four inches over a constant rooting depth of 10 inches for all
vegetation types and plant growth stages; a kill vegetation process
in an operation description converts live root biomass to dead root
biomass. Primarily refers to fine roots that are annually produced,
RUSLEZ2 uses live and dead root biomass in the upper 10 inches to
compute a value for the soil biomass subfactor

Local deposition

Deposition that occurs very near, within a few inches, the point of
detachment in surface roughness depressions and in furrows
between ridges; given full credit for soil saved

Long term roughness

Roughness that naturally develops over time; specified as input in
cover-management description; depends on vegetation
characteristics (e.g., bunch versus sod forming grasses, root pattern
near soil surface) and local erosion and deposition, especially by
wind erosion; RUSLE2 computes roughness over time; fully
developed by time to soil consolidation

Long term vegetation

Permanent vegetation like that on pasture, range, reclaimed mined
land, and landfills; vegetation description can include temporal
values starting on seeding date through maturity, any arbitrary date,
or only for the annual cycle of vegetation at maturity

Management alignment
offset

Used to sequence cover-management descriptions along an
overland flow path to create alternating strips

Mass-cover relationship

Equation used to compute portion of soil surface covered by a
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particular residue mass (dry basis)

Mass-yield relationship

Equation used to compute standing biomass (dry basis) as a
function of vegetation production (yield) level

Maximum 30 minute
intensity

Average rainfall intensity over the continuous 30 minutes that
contains the greatest amount in a rain storm

Non-erodible cover

Cover such as plastic, standing water, snow, and other material that
completely eliminates erosion; material can be porous and
disappear over time

Non-uniform overland
flow path

Soil, steepness, and/or cover-management vary along an overland
flow path; path is divided into segments where input selections are
made for each segment

NRCS curve number
method

Mathematical procedure used in RUSLEZ2 to compute runoff; a
daily runoff value is computed using the 10 yr-24 hr precipitation
amount and temporally curve number values that vary as cover-
management varies

NWWR Northwest Wheat and Range Region, a region in the Northwestern
US covering eastern Washington and Oregon, northern Idaho (see
Req zone)

Operation An operation changes soil, vegetation, or residue; typically used to

represent common farm and construction activities such as
plowing, blading, vehicular or animal traffic, and mowing; also
used to represent burning and natural processes such as killing frost
and germination of volunteer vegetation.

Operation disturbance
depth

Surface residue buried by a soil disturbing operation is a function
of operation disturbance depth

Operation description

Information used to describe an operation, named and stored in the
operations component of the RUSLE?2 database

Operation processes

An operation is described by a sequence of processes; used to
describe how an operation changes cover-managements conditions
that affect erosion

No effect

Has no effect on computations; commonly used to reference dates
in a cover-management description and to cause RUSLEZ2 to
display information for a particular set of dates

Begin growth

Tells RUSLEZ2 when to begin using data from a particular
vegetation description
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Kill vegetation

Converts live above ground biomass to standing residue and to
convert live root biomass to dead root biomass

Flatten

standing residue

Converts a portion of the standing residue to surface residue

Disturb (soil)
surface

Mechanically disturbs soil; required to bury surface residue;
resurfaces buried residue; required to create roughness and ridges;
required to place material (external residue) directly into the soil

Add other cover

Adds material (external residue) to the soil surface and/or places it
in the soil

Remove live Removes a portion of the live above ground biomass; leaves a
above portion of the affected biomass as surface (flat) residue and
ground standing residue
biomass

Remove Removes a portion of standing and surface (flat) residue

residue/cover

Add nonerodible

Adds nonerodible cover such as plastic, water depth, snow, or other

cover material that allows no erosion for portion of soil surface covered,
cover disappears over time; cover can be porous; cover has no
residual effect; not used to represent erosion control blankets and
similar material
Remove Removes portion of nonerodible cover
nonerodible cover

Operation speed

Surface residue buried by a soil disturbing operation is a function
of operation speed

Overland flow path

Path taken by overland flow on a smooth soil surface from its point
of origin to the concentrated flow area that ends the overland flow
path; runoff is perpendicular to hillslope contours

Overland flow path
(profile) description

Includes values for steepness, names for soil and cover-
management descriptions for segments along an overland flow
path; a uniform overland flow path (profile) is where steepness,
soil, or cover-management does not vary with distance along
overland flow path; a convex profile is where steepness increases
with distance; a concave profile is where steepness decreases with
distance; a complex profile is a combination of convex, concave,
and/or uniform sub-profiles or where soil and/or cover-
management vary along the overland flow path
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Overland flow path
length

Distance along the overland flow path from the origin of overland
flow to the concentrated flow area (channel) that intercepts runoff
to terminate overland flow;, does not end where deposition begins
(see USLE slope length and steepness)

Overland flow path
segments

Overland flow path is divided into segments to represent spatial
variability along an overland flow path; conditions are considered
uniform within each segment

Overland flow path
steepness

Steepness along the overland flow path, not hillslope steepness (see
USLE slope steepness)

Permeability index

Index for the runoff potential of the soil under the unit-plot
condition; used in RUSLE?2’s soil erodibility nomographs, similar
to inverse of hydrologic soil group

Plan description

Collection of RUSLE?2 profile descriptions used to computed
weighted averages for a complex area based on the portion of the
area that each profile represents; named and saved in plan
component of RUSLE?2 database

Ponding subfactor

See cover-management subfactors

Porous barriers

Runoff flows through a porous barrier; does not affect overland
flow path; typically slows runoff to cause deposition; examples are
stiff grass hedges, fabric (silt) fences, gravel dams, and straw bales

Precipitation amount

Includes all forms of precipitation; RUSLE2 disaggregates input
monthly values into daily values to compute decomposition and
temporal soil erodibility

Production (yield) level

A measure of annual vegetation live above ground biomass
production; user defines yield measure and preferred units on any
moisture content basis; input value used to adjust values in a
vegetation description at a base yield; maximum canopy cover in
base vegetation description must be less than 100 percent

Profile description

Information used to describe profile (overland flow path); includes
names for location, topography, soil, cover-management, and
support practices used to make a particular RUSLE2 computation,
named and stored in profile component of RUSLE2 database

Profile shape

See overland flow path description

Rainfall (storm) energy

Computed as sum of products of unit rainfall energy and rainfall
amount in storm intervals where rainfall intensity is assumed
uniform; storm energy is closely related to rain storm amount




XViii

Rainfall intensity

Rainfall rate express as depth (volume of rainfall/per unit area) per
unit time

Remote deposition

Deposition that occurs a significant distance (tens of feet) from the
point where the sediment was detached; examples include
deposition by dense vegetation strips, terraces, impoundments, and
toe of concave overland flow paths; only partial credit given to
remote deposition as soil saved; credit depends on location of
deposition along overland flow path; very little credit given for
deposition near end of overland flow path

Req

Equivalent erosivity for the winter months in the Req zone; used to
partially represent Req effect

Req effect

Refers to Req equivalent erosivity; erosion per unit rainfall
erosivity in the winter period in the Req zone is much greater than
in summer period; winter effect is much greater than in other
regions because of a greatly increased soil erodibility; effect
partially results from an elevated soil water content, increased
runoff, and soil thawing

Req zone

Region where erosion is elevated in the winter months because of
the Req effect; region primarily in eastern WA and OR, portions of
ID, CA, UT, CO, and limited area in other western US states

Residue

Has multiple meanings in RUSLEZ2; generally refers to dead
biomass, such as crop residue, created when vegetation is killed;
plant litter from senescence; and applied mulch material (external
residue) such as straw, wood fiber, rock, and erosion control
blankets used on construction sites; material is generally assumed
to be biomass that decomposes; also used to represent applied
material like rock that does not decompose

Residue description

Values used to describe residue, named and stored in the residue
component of the RUSLE?2 database

Residue type

Refers to fragility and geometric residue characteristics; affects
residue amount buried and resurfaced by an operation; affects
degree that residue conforms to surface roughness; affects erosion
control on steep slopes like those on construction sites

Resurfacing ratio

Portion (dry mass basin) of the buried residue in the soil
disturbance depth that a soil disturbing operation brings to the soil
surface; function of residue and operation properties

Retardance

Degree that vegetation (live above ground biomass) and standing
residue slows runoff; varies with canopy cover; function of




XiX

production (yield) level; part of vegetation description

Ridge height

Height of ridges created by a soil disturbing operation; major
variable along with row grade that determines contouring
effectiveness; decays as a function of precipitation amount and
interrill erosion

Ridge subfactor

See cover-management subfactors

Rill erosion

Caused by overland flow runoff; increases with distance along the
overland flow path

Rill to interrill erosion
ratio

Function of slope steepness, rill to interrill soil erodibility, and how
cover-management conditions affect rill erosion different from
interrill erosion

Rock cover

Rock cover entered in the soil description; represents naturally
occurring rock on soil surface; operations do not affect this rock
cover; rock cover created by an operation that adds other cover
(rock residue) is treated as external residue; soil disturbing
operations bury and resurface rock added as external residue

Root biomass

See dead and live root biomass

Root sloughing

Annual decrease in root biomass, RUSLE?2 adds the decrease in
live root biomass to dead residue biomass pool

Rotation

Refers to whether a list of operation descriptions in a cover-
management description are repeated in a cycle; length of cycle is
rotation duration; list of operation descriptions are repeated in
RUSLEZ2 until computed average annual erosion value stabilizes;
eliminates need to specify initial conditions; operation descriptions
in a no-rotation cover-management descriptions are sequentially
processed in a single pass, first operation descriptions in cover-
management description establish initial conditions

Rotation duration

Time (length of cycle) before the list of operation descriptions in a
rotation type cover-management description repeats; time period
over which RUSLE2 makes its computation in a no-rotation cover-
management description

Rotational strip cropping

A rotation type cover-management description that involves
periods of dense vegetation that are sequenced along the overland
flow path to create strips of alternating dense vegetation that cause
deposition

Row grade

Grade along furrows separated by ridges; usually expressed as
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relative row grade, which is the ratio of grade along the furrows to
steepness of the overland flow path

Runoff

RUSLE2 computes runoff using NRCS curve number method and
the 10 yr-24 hour precipitation amount; used to compute
contouring effect, contouring failure (critical slope length), and
deposition by porous barriers, flow interceptors, and concave
overland flow path profiles

Sediment basin

Small impoundment typical of those used on cropland and
construction sites; discharge is usually through a perforated riser
that completely drains basin in about 24 hours

Sediment characteristics

Deposition is computed as a function of sediment characteristics,
which are particle class diameter and density and the distribution of
sediment among particle classes

Sediment particle classes

RUSLE2 uses sediment particle classes of primary clay, silt, and
sand and small and large aggregate classes, diameter of aggregate
classes and the distribution of sediment among particle classes at
point of detachment is function of soil texture; RUSLE2 computes
how deposition changes the distribution of sediment particle
classes

Sediment load

Mass of sediment transported by runoff per unit hillslope width

Sediment transport
capacity

Runoff’s capacity for transporting sediment; depends on runoff
rate, overland flow path steepness, and hydraulic roughness;
deposition occurs when sediment load is greater than runoff’s
transport capacity

Sediment yield

Sediment load at the end of the flow path represented in a RUSLE2
computation; flow path ends at overland flow path unless hydraulic
elements (channel or impoundment) are present; sediment yield for
site only if RUSLE2 flow path ends at site boundary

Segments The overland flow path divided into segments based on
topography, soil, and cover-management to represent spatial
variation

Senescence Decrease in vegetation canopy cover; senescence adds biomass to

surface (flat) residue unless RUSLE?2 is instructed that a decrease
in canopy cover, such as leaves drooping, does not add to surface
residue

Shear stress

Total runoff shear stress is divided into two parts of that acting on
the soil (grain resistance) and that acting on surface residue, surface
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roughness, live vegetation, and standing residue (form resistance);
shear stress acting on the soil is used to compute sediment transport
capacity; total shear stress is used to compute contouring failure;
also function of runoff rate and steepness of overland flow path

Short term roughness

Roughness created by a soil disturbing operation, decays over time
as a function of precipitation amount and interrill erosion

Slope length exponent

Exponent in equation used to compute rill-interrill erosion as a
function of distance along overland flow path, function of rill to
interrill erosion ratio.

Soil biomass subfactor

See cover-management subfactors

Soil consolidation effect

Represents how wetting/drying and other processes cause soil
erodibility to decrease over time following a mechanical soil
disturbance; increase in soil bulk density (mechanical compaction)
not the major cause of reduced soil erodibility; affects runoff,
accumulation of biomass in upper 2 inch soil layer, and soil
biomass effectiveness

Soil consolidation
subfactor

See cover-management subfactors

Soil description

Describes inherent soil properties that affect erosion, runoff, and
sediment characteristics at point of detachment on unit plot
conditions, named and saved in the soil component of the RUSLE2
database

Soil disturbance width

Portion of the soil surface disturbed; weighted effects of
disturbance computed as a function of erosion on disturbed and
undisturbed area to determine an effective time since last
disturbance, effective surface roughness, and effective ground
cover

Soil disturbing operation

Operation description that contains disturb soil process

Soil erodibility RUSLEZ2 considers two soil erodibility effects, one based on
inherent soil properties and one based on cover-management;
inherent soil erodibility effect represented by K factor value
empirically determined from erosion on unit plot; part related to
cover-management is represented in cover-management subfactors

Soil erodibility Mathematical procedure used to compute a K factor value, i.e.,

nomograph inherent soil erodibility

Soil loss Proper definition is the sediment yield from a uniform overland
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flow path divided by the overland flow path length; loosely used as
the net removal of sediment from an overland flow path segment

Soil loss from eroding
portion

Net removal of sediment from the eroding portion of the overland
flow path

Soil loss tolerance (T)

Erosion control criteria, objective is that “soil loss” be less than soil
loss tolerance T value, special considerations must be given to non-
uniform overland flow paths to avoid significantly flawed
conservation and erosion control plans

Soil mechanical
disturbance

Mechanical soil disturbance resets soil consolidation effects;
disturb soil process must be included in an operation description to
create surface roughness and ridges and to place biomass into the
soil

Soil saved

Portion of deposited sediment that is credited as soil saved;
computed erosion is reduced by soil saved to determine a
conservation planning soil loss value; credit depends on location of
deposition along overland flow path

Soil structure

Refers to the arrangement of soil particles in soil mass; used to
compute soil erodibility (K) factor values

Soil texture

Refers to the distribution of primary particles of sand, silt, and clay
in soil mass subject to erosion

Standing residue

Created when live vegetation is killed, decomposes at a reduced
rate; falls over at a rate proportional to decomposition of surface
residue

Strip/barrier description

Support practice, describes porous barriers, named and stored in the
strip/barrier component of RUSLE2 database

Subfactor method

See cover-management subfactors

Subsurface drainage
description

Support practice that lowers water table to reduce soil water
content, runoff, and reduces erosion; RUSLE2 uses difference
between hydrologic soil groups for drained and undrained
conditions to compute erosion as affected by subsurface drainage,
named and save in subsurface drainage component of RUSLE2
database

Support practices

Erosion control practice used in addition to cultural erosion control
practice, hence a support practice; includes contouring, filter and
buffer strips, rotational strip cropping, silt (fabric) fences, stiff
grass hedges, diversions/terraces, gravel dams, and sediment basins
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Surface (flat) residue

Material in direct contact with the soil surface; main source is plant
litter, crop residue, and applied mulch (external residue).

Surface roughness

Random soil surface roughness; combination of soil peaks and
depressions that pond runoff; created by a soil disturbing operation,
decays as a function of precipitation amount and interrill erosion

Surface roughness index

A measure of soil surface roughness; standard deviation of surface
elevations measured on a 1 inch grid about mean elevation; effect
of ridges and land steepness removed from measurements

Surface roughness

See cover-management subfactors

subfactor

Temperature Input as average monthly temperature; disaggregated into daily
values, used to compute biomass decomposition and temporal soil
erodibility

Template Determines the computer screen configuration of RUSLE2 and
inputs and outputs; determines the complexity of field situations
that can be described with RUSLE?2

Terraces Flow interceptors (channels) on a sufficiently flat grade to cause

significant deposition

Three layer profile
schematic

Some RUSLE2 templates include an overland flow path schematic
having individual layers to represent cover-management, soil, and

topography; used to graphically divide the overland flow path into
segments to represent complex conditions

Tillage intensity

Degree that existing soil surface roughness affects roughness left
by a soil disturbing operation

Tillage type

Identifies where a soil disturbing operation initially places buried
residue in soil, also refers to how operation redistributes buried
residue and dead roots

Time to soil consolidation

Time required for 95 percent of the soil consolidation effect to be
regained following a soil disturbing operation

Topography

Refers to steepness along the overland flow path and the length of
the overland flow path

Uniform slope

Refers to an overland flow path where soil, steepness, and cover-
management along the overland flow path do not vary along flow
path
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Unit rainfall energy

Energy content of rainfall per unit of rainfall; function of rainfall
intensity

Unit plot

Base condition used to determine soil erodibility; reference for
effects of overland flow path steepness and length; cover-
management, and support practices; continuous tilled fallow (no
vegetation; tilled up and downhill, maintained in seedbed
conditions; topographic, cover-management, support practice factor
values equal 1 for unit-plot condition

USLE slope length and
steepness

USLE slope length is distance to a concentrated flow (e.g., terrace
or natural waterway) or to the location where deposition occurs;
USLE soil loss is sediment yield from this length divided by length
(mass/area); USLE steepness is steepness of the slope length,
uniform steepness often assumed

Validation

Process of ensuring that RUSLE?2 serves its intended purpose as a
guide to conservation and erosion control planning.

Vegetation description

Information used by RUSLE? to represent the effect of vegetation
on erosion; includes temporal values in growth chart, flow
retardance, and biomass-yield information; named and stored in the
vegetation component of the RUSLE2 database

Verification

Process of ensuring RUSLE? correctly solves the mathematical
procedures in RUSLE2

Worksheet description

A form in RUSLE2 program; used to compare conservation and
erosion control practices for a given site; used to compare erosion
computer for profile descriptions; named and saved in the
worksheet component of the RUSLE?2 database




Rusle 2 Science Documentation

1. ABOUT RUSLE?2

1.1. Introduction

The Revised Universal Soil Loss Equation, Version 2 (RUSLE?2) is a computer program
that estimates rill and interrill erosion by solving a set of mathematical equations (Toy et
al., 2002). RUSLE2 makes estimates based on site specific conditions, which allows
erosion control practices to be tailored to each specific site. The RUSLEZ2 user describes
the site by making selections from the RUSLE?2 database. RUSLEZ2 uses this information
to compute its erosion estimates. The purpose of RUSLEZ? is to serve as a guide to
conservation and erosion control planning. RUSLEZ2 is land use independent and applies
to all conditions where rill and interrill erosion occurs when mineral soil is exposed to the
erosive forces of impacting raindrops and water drops falling from vegetation and runoff
produced by Hortonian overland flow. RUSLE2 computes erosion and deposition along
a single overland flow path. RUSLE2 also computes deposition in channels and small
impoundments that end overland flow paths.

RUSLEZ2 has three major components. One component is the science component that
includes the mathematical equations that RUSLE?2 uses to compute erosion and
deposition. Inputs to the equations are user selected to represent the four major factors
that affect erosion at a specific site. Those factors are climate (determined by location),
inherent soil properties including soil erodibility, topography, and land use.

The second major RUSLE2 component is the RUSLE2 database. The RUSLE2 user
makes selections from the database to describe site-specific conditions. The database
contains information that describes climate (weather) at various locations, soils, cover-
management systems, vegetations, residues, operations, porous strips and barriers, flow
interceptors including diversions and terrace channels and small impoundments,
subsurface drainage systems, irrigation systems, overland flow paths, worksheets, and
plan views (collections of overland flow paths). A single overland flow path is the basic
RUSLE2 computational unit. Erosion can be compared in a worksheet for multiple
erosion control alternatives for a single overland flow path or multiple overland flow
paths. A plan view is used to compute erosion on overland flow areas in spatially
complex landscapes.

The third major RUSLE2 component is the computer program. The program includes a
powerful computational engine that organizes and solves the mathematical equations,
database maintenance tools, and an interface (computer screen) that accepts user inputs
and displays computed values.

The USDA-Agricultural Research Service had overall lead responsibility for developing
RUSLEZ2 and lead responsibility for developing the science (i.e., mathematical equations
used in RUSLE?2). The University of Tennessee had lead responsibility for developing



the RUSLE2 computer program including its interface and computational engine. The
USDA-Natural Resources Conservation Service had lead responsibility for developing
user requirements as the principal RUSLE2 client and the RUSLE?2 database for
cropland. Other organizations developed database information, user guides, and
instructional material for RUSLE2. For example, the University of Denver developed
database information and other materials for application of RUSLEZ2 to construction sites,
reclaimed mined land, landfills, and other highly disturbed lands.

This document describes the RUSLEZ2 science, which is primarily embodied in the
mathematical equations used in RUSLE?2 to compute erosion and deposition estimates.

1.2. Major requirements

The RUSLE?2 erosion prediction technology was designed to meet several requirements,
many of which affected RUSLE2’s science and the equations. These requirements
included:

1) Purpose of RUSLE? is to serve as a guide to conservation and soil erosion control
planning at the local field office level.

2) Be easy to use.

3) Be robust so that computed erosion values are not overly sensitive to small
changes in variables where input values involve considerable uncertainty. Helps
ensure good estimates when extrapolated beyond range of data used to derive
RUSLE?2.

4) Input values are physically meaningful to typical RUSLE2 users and directly
measurable where possible.

5) Not require resources beyond those available at the field office level, especially
for the USDA-Natural Resources Conservation Service that is the primary
RUSLE2 user.

6) Produce useful information for conservation and erosion control planning that is
consistent with the resources (i.e., expertise, time, effort, and other costs) required
to implement and use RUSLEZ2.

7) Lead to desired conservation and erosion control planning decisions as expected
based on available erosion research data, accepted erosion science, field
experience, and professional judgment.

8) Apply to Hortonian overland flow where rill and interrill erosion is caused by
mineral soil being exposed to the erosive forces of surface runoff and impacting
waterdrops from rainfall and rainwater falling from vegetation.

9) Be land-use independent by using relationships based on the fundamental
variables that affect erosion.



10) Produce accurate erosion estimates comparable to measured research values and
estimated by the Universal Soil Loss Equation (USLE).

11) Be an evolution of the USLE and RUSLEL.

12) Be thoroughly and carefully reviewed and evaluated to ensure that RUSLE?2
performs acceptably.

13) Recommendations on how to best apply RUSLE2 would be a part of the RUSLE2
development and documentation.

1.3. Major guiding principles used to develop RUSLEZ2 science

The following principles guided the development of the RUSLEZ2 science according to
the requirements listed in Section 1.2,

1) The USLE is accepted in term of its conceptual basis, equation structure,
empirical derivation, and computed values by both the scientific and user
communities.

2) The USLE is valid (i.e., serves its intended purpose) for conservation and soil
erosion control planning.

3) RUSLE2 development will start from the USLE structure and extend that
structure and empirical derivation.

4) RUSLE2 will represent main effects that can be considered in the conservation
and erosion control planning. These main effects are those established by
empirical data and fundamental erosion science.

5) Erosion data available for empirically deriving RUSLE?2 equations are very
limited. The data set is small in relation to the many variables and their many
complex interactions that affect erosion. The dataset is not a statistically robust
data set because of non-uniform coverage of important variables. The data
contain much unexplained variability that can not be resolved.

6) Equations will be chosen to best represent established main effects rather than
using regression procedures to fit equations to data to provide the best overall
statistical fit. Equations will be chosen based on main effects conclusively
established by empirical data, fundamental erosion science, practical experience,
professional judgment, and overall good judgment (common sense).

7) First establish mathematical relationships empirically using experimental data and
then use process-based equations based on fundamental erosion science to extend
the RUSLE2 beyond the available research data.

8) Start from a mean, typical, or accepted value consistent with the USLE unit-plot
concept and use normalized variables to compute values that deviate about the



value for a base condition to capture main effects. Equations and limits will be
selected to produce a robust erosion prediction technology.

9) Minimize use of geographic zones and variable classes to avoid step changes
(discontinuities) between zones and classes.

10) Achieve land-use independence by having a single set of equations that vary as a
continuous function of the major variables that affect erosion across all land uses.

11) Make judgments in the context of reasonableness and appropriateness for
conservation and erosion planning and implementation. Do the results make good
overall sense? If one had perfect knowledge, what would be the planning
decision? RUSLEZ2 is a tool for conservation and erosion control planning, not a
scientific product designed to produce new scientific knowledge and
understanding.

2. BASIC MATHEMATICAL STRUCTURE

RUSLE2 computes values for the three fundamental erosion processes of detachment
(sediment production), transport, and deposition.> The empirical equation form of the
USLE is used to compute detachment while process-based equations are used to compute
sediment transport and deposition. These equations, which are written for a point in time
and a location on an overland flow path, are integrated in both time and distance to
produce average annual and spatial estimates for segments along the overland flow path
and for the entire overland flow path.

2.1. Detachment (Sediment Production) Equation

The USLE in its original form is:
A =RKLSCP [2.1]

where: A = average annual erosion rate (mass/area-year) for the slope length A, R =
erosivity factor (erosivity unit/area-year), K = soil erodibility factor (mass/ erosivity
unit), L = slope length factor (dimensionless), S = slope steepness factor (dimensionless),
C = cover-management factor (dimensionless), and P = support practice factor
(dimensionless).> The USLE, equation 2.1, has two parts, the part that computes unit-
plot erosion and the part that adjusts unit plot-erosion to represent actual field conditions.
The part that computes unit-plot erosion is:

! Refer to the RUSLE2 User’s Reference Guide for detailed explanations of RUSLE2 terms. Also, see
Glossary of Terms section in this document.

% See List of symbols at end of this chapter.



A, =RK [2.2]

where: A, = average annual erosion (mass/area-year) for the unit plot (mass/area-year).
The terms LSCP are normalized with respect to the unit plot and, therefore, have a value
of 1 for unit plot conditions.* In effect, the USLE computes erosion for unit plot
conditions with the product RK and then uses the terms LSCP to adjust the unit plot
erosion to account for differences between unit plot conditions and actual field
conditions.

Equation 2.2 is a temporal integration of the basic USLE equation that computes unit-plot
erosion for individual storms as:

a, = (El,,)K [2.3]

us
where: a,s = the unit-plot erosion (mass/area) from the storm that has the rainfall erosivity
Elso (force-length/area)(length/time), E = rain storm energy (force-length/area), and I3y =
average intensity (length/time) over the continuous 30 minutes with the most rainfall in
the storm. The linear relationship between unit plot erosion and storm erosivity Elsg
means that the erosivity factor R can be computed for a locations as:

M, Msj)
R: (EIEO)m/Mr [24]

j=1 m=1

where: Elgo = storm erosivity for storm events greater than 0.5 inches (12 mm), M) =
the number of storms in the jth year, M, = number of years in the record being used to
compute erosivity.>

The linear relationship between erosion on the unit plot and erosivity mathematically
means that average daily erosion can be computed as:®

a, =rK [2.5]

u

® The unit plot is 72.6 ft (22.1 m) long on a 9 percent slope, maintained in continuous fallow, tilled up and
down hill to a seedbed condition periodically to control weeds and break crusts that form on the soil
surface.

* The terms A, R, and K have dimensions and units. The terms LSCP are ratios of erosion from a given
field condition to erosion for the unit-plot condition, and these terms are, therefore, dimensionless and have
no units.

> See RUSLE2 User’s Reference Guide for a detailed description of the computation of RUSLE?2 erosivity
values.

® Daily erosion computed by RUSLE2 is a long-term average erosion for that day.



where: a, = daily erosion from the unit plot on the ith day and r = the average daily
erosivity on the ith day. Average daily erosivity values are determined by the
disaggregation of average monthly erosivity input values into daily values (see Section
3.1).

Although the terms LSCP vary with time as field conditions change, the cover-
management factor C is the only one of these USLE terms that is mathematically
integrated with time. An average annual representative value is selected for the other
terms. The mathematical equation used in the USLE to compute erosion for a crop stage
period is:

a, = KLSPr, c, [2.6]

where: a, r, and ¢ = the erosion, erosivity, and cover-management (soil loss ratio) factors,
respectively, for the kth crop stage.” The erosivity for the kth crop stage is given by:

r = f,R [2.7]

where: f, = the portion of the average annual erosivity that occurs during the kth crop
stage.® Therefore, the average annual cover management C factor in the USLE is

computed as:
My
cz(z fkck]/NC [2.8]
k=1

where: Mg = the number of crop stages over the period of N, years involved in the
computation, such as years in a crop rotation or years after disturbance of a construction
site, used to compute erosion.

The mathematics of the USLE equation structure, therefore, allows RUSLEZ2 to compute
an average daily erosion as:

a=rkiScp,, p. pq [2.9]

" A crop stage period is a time interval over which a constant soil loss ratio can be assumed. The soil loss
ratio is the ratio of erosion with a given cover-management condition to the unit plot erosion for the same
period, with all other conditions being the same between the two cover-management conditions.

8 Erosivity varies during the year. The empirical curve that describes this temporal distribution is referred
to as the El distribution.



where: r = daily erosivity (erosivity unit/area-day), k = daily soil erodibility factor
(mass/erosivity unit), | = daily slope length factor dimensionless, c= daily cover-
management (soil loss ratio) factor (dimensionless), p, = daily ponding subfactor
(dimensionless), p. = daily contouring subfactor (dimensionless), and py = daily
subsurface drainage subfactor (dimensionless).® The average daily erosion computed by
equation 2.9 is the average erosion (mass/area) for the slope length A. All terms in
equation 2.9 use average daily values except for the slope steepness factor that is
assumed to be constant in RUSLE?2 for all conditions except for variations in slope
steepness. ™

2.1.1. Equation for rill and interrill detachment combined

Equation 2.9 is converted to an equation that computes rill and interrill erosion combined
at a point so that RUSLE?2 can be applied to non-uniform overland flow paths where soil,
steepness, and cover-management vary along the overland flow path. This equation is
(Foster and Wischmeier, 1974):

D = (m+1)rk(x/ 4, )" Scp, p, P [2.10]

where: D = average daily net detachment by both rill and interrill erosion (mass/area) at a
point at the distance x from the origin of the overland flow path, A, = the unit plot length
(72.6 ft, 22.1 m), and m = daily slope length exponent. The value for each term, except
erosivity r, is the value for the term at the location x on the overland flow path.

2.1.2. Equation for interrill erosion

Interrill erosion is assumed to occur even when RUSLE?2 computes deposition (see
Sections 2.3.1, 2.3.6, and 2.3.8). The RUSLE2 equation for interrill erosion is:

D, =0.5rkS,;cp, p. Py [2.11]

where: D; = daily interrill erosion (mass/area-day), and S; = the slope steepness factor for
interrill erosion. Equation 2.11 for interrill erosion is similar to equation 2.10 for rill and
interrill erosion combined except that equation 2.11 has no distance (x) term, has a slope
steepness factor specifically for interrill erosion, and has a 0.5 factor. The reason for not
having a distance term is that detachment on interrill areas is caused by impacting

® RUSLE?2 describes the effect of other support practices besides contouring on erosion. Those effects are
described using process-based equations that compute deposition rather than a P factor value as in the
USLE.

19 ower case symbols are used in equation 2.9 to distinguish between the daily factor values used in
RUSLE? and the average annual factor values used in the USLE. An upper case symbol is used for the
slope steepness factor because a constant value is used in RUSLE2 that is equivalent to the USLE slope
steepness factor value.



raindrops and waterdrops falling from vegetation. Detachment on interrill areas is
assumed to be uniform along the overland flow path provided soil, steepness, or cover-
management does not change along the overland flow path (Foster and Meyer, 1975;
Foster et al., 1977a; Toy et al., 2002).

The slope steepness factor for interrill erosion differs from the slope steepness for rill
erosion because the detachment forces produced by impacting waterdrops differ from the
detachment forces produced by flow in rill areas. The interrill erosion slope steepness
factor in equation 2.11 was empirically derived from experimental data (Lattanzi et al.,
1974; Foster, 1982; McGregor et al., 1990). The slope steepness factor in the equation
2.10 represents the effect of slope steepness on rill and interrill erosion combined. The
0.5 factor in equation 2.11 results from the assumption that interrill erosion and rill
erosion are equal for unit plot conditions (Foster and Meyer, 1975; Foster et al., 1977b;
McCool et al., 1989).

2.1.3. Ratio of rill to interrill erosion

The slope length exponent m in equation 2.10 is a function of the ratio of rill to interrill
erosion. RUSLE2 computes the slope length exponent m as (Foster et al., 1977b;
McCool et al., 1989):

m=g/(L+ ) [2.12]

where: 3 = ratio of rill to interrill erosion. The typical slope length exponent in the USLE
is 0.5, which is the value computed by equation 2.12 when rill and interrill erosion are
equal. The slope length exponent m computed by equation 2.12 varies about 0.5 as the
ratio of rill erosion to interrill erosion varies about 1. The base condition for rill erosion
equaling interrill erosion is for unit plot conditions.

The ratio of rill to interrill erosion is computed from:**

1 Equations 2.11 and 2.13 illustrate an important design principle in RUSLE2. The terms that represent
interrill erosion in equation 2.13 differ from those in equation 2.11 used to compute absolute interrill
erosion, which seems inconsistent. The design philosophy in RUSLE? is that RUSLE?2 starts from
accepted empirical values, which is 0.5 for the slope length exponent for unit plot conditions. Empirical
values are used to the extent that they can be determined from experimental data, especially to represent
main effects. The best possible empirical value is determined from the experimental data, and then the
accepted empirical value is adjusted using process-based equations. The adjustment is up or down about
the accepted empirical value, which is almost always a ratio in RUSLE2 because the LSCP variables are
non-dimensional ratios. This approach of adjusting up or down about an accepted empirical ratio value
rather than computing absolute values gives RUSLE? increased robustness and avoids RUSLE?2 giving
seriously erroneous values when it is extrapolated. The ratio of rill to interrill ratio can be computed more
accurately than can an absolute value for interrill erosion. The advantage of equation 2.11 is that it
computes values that are close to erosion values computed by the USLE, which is a more conservative and
robust approach than computing an absolute value of interrill erosion using variables from equation 2.13.



ﬂz(&j(ci]( exp(-b, f,) J( 5/0.08% j 213
Ki L ¢, )\ exp(-0.025f ) \3s™ +0.56

The ratio K/K; = the inherent rill to interrill soil erodibility ratio (see Section 4.3), which
is computed as a function of soil texture to reflect that some soils are inherently more
susceptible to rill erosion than to interrill erosion than are other soils. The term cy//Cpi =
the rill to interrill erosion ratio for prior land use soil erodibility (see Section 6.2.2),
which reflects how soil consolidation and soil biomass affect rill erosion differently from
how it affects interrill erosion. The ratio exp(—b, fg)/exp(—0.025 f,) reflects how

ground cover affects rill erosion more than it affects interrill erosion, where b, and 0.025
= coefficients (percent™) that express the relative effectiveness of ground cover for
reducing rill erosion and interrill erosion, respectively (see Section 6.2), and fy = ground
cover expressed as a percent (see Section 6.2.2).

The term (s/0.0896) /(3s°® + 0.56) [where s = steepness of overland flow path (sine of

slope angle)] reflects how steepness affects rill erosion differently than it does interrill
erosion (Foster, 1982). This term assumes that rill erosion varies linearly with steepness.

The assumption in equation 2.12 that rill erosion varies with a slope length exponent of 1
(McCool et al., 1989) is consistent with the maximum slope length exponent of 1
observed in the experimental plot data used to derive the USLE [AH537 (Wischmeier
and Smith, 1978)]. The maximum exponent of 1 is also consistent with the variation of
erosion with discharge on steep slopes (Meyer et al., 1972) but is less than a value of 0.75
reported in other field research (Govers, 1991; McCool et al., 1989) where rill erosion is
the dominant erosion process.

The slope length exponent base value is 0.5. Equation 2.12 increases or decreases this
value as rill erosion increases or decreases relative to interrill erosion. The terms in
equation 2.13 represent the main variables that affect rill erosion relative to interrill
erosion.

Given that rill erosion varies with a slope length exponent of 1, the rill erosion term in
equation 2.13 should have included a slope length term. The reason that a slope length
term is not in equation 2.13 is because of mathematical limitations in devolving the
USLE equation structure into rill and interrill erosion terms. If a slope length term had
been included in equation 2.13, RUSLE2 could not have met the requirement that erosion
computed for the entire overland flow path length be independent of how many overland
flow path segments are used in the computations when other conditions are uniform
along the overland flow path (see Section 5.Appendix 1).

2.2. Spatial and Temporal Integration

RUSLEZ2 requires both a spatial and temporal integration. The spatial integration is made
by solving the governing equations along the overland flow path each day. Temporal
integration is made by summing daily values to obtain totals for the computation
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duration.'” The average annual erosion is the sum of the daily values divided by the
number of years (duration) in the computation.

If RUSLE2 were applied to only spatially uniform overland flow paths, equation 2.9
could be analytically solved for each day and the values summed to compute total erosion
for a rotation duration. However, the solution is complex when soil, steepness, and
cover-management vary along the overland flow path (i.e., spatially non-uniform
overland flow paths), especially when deposition occurs.** RUSLE2 performs a spatial
integration each day to compute daily spatially-distributed erosion, deposition, and
sediment load values along the overland flow path. The spatial integration process in
RUSLE?2 is referred to as sediment routing, a common term used in hydraulic analyses.

2.3. Sediment Routing (Spatial Integration)
2.3.1. Continuity equation

The RUSLEZ2 governing equation that is spatially integrated is the steady state continuity
(conservation of mass equation) given by (Foster, 1982):

dg/dx=D,+D [2.14]

rorp

where: g = sediment load (mass/unit overland flow width-time), x = distance along the
overland flow path from its origin, and Dy = either rill erosion rate (D;) (mass/area-
time) or deposition (Dp) (mass/area- time) by runoff in rill areas.

Equation 2.14 is solved numerically because it can not be analytically solved except for
the special case of a uniform overland flow path where neither soil, steepness, nor cover-
management vary along the overland flow path. RUSLE2 applies in the general case
where any or all of these variables change along the overland flow path. The numerical
solution requires that the overland flow path be divided into segments as illustrated in
Figure 2.1 where the soil, steepness, and cover-management conditions are uniform over
each segment. The numerical form of equation 2.14 for this computation is:

Xa)
9 =D, (X(i) ~ X )+ _[Drorpdx 0 [2.15]

X(i-1)

12 Computation duration is the rotation duration (cycle length) for a rotation type cover-management
description. The computation duration is the length of time specified for the duration of a no-rotation type
cover-management description.

3 RUSLE2 is much more powerful than the USLE because the USLE can not be applied to spatially non-
uniform conditions that cause deposition (Foster and Wischmeier, 1974).
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Figure 2.1. Schematic of the three layers that represent an overland flow path (a
RUSLEZ2 hillslope(overland flow path) profile).

The lower and upper ends of the segment are delineated by X and X.1), respectively, and
the segment length is the difference X — X-1). Equation 2.12 is applied sequentially
along the overland flow path starting at x = 0, which is the origin of the overland flow
path. The incoming sediment load g.1) to the first segment at x = 0 is zero because no
runoff enters at the origin of the overland flow path. The sediment load, gi.1, entering the
ith segment is known from the computation for the upslope (i-1)th segment. The sediment
load g; is the sediment load leaving the ith segment.

Rill and interrill erosion combined are computed with equation 2.10 rather computing
interrill erosion and rill erosion separately as implied in equation 2.15. Equation 2.10 is
solved analytically over the segment by assuming that soil, steepness, and cover-
management are uniform over the segment. If deposition occurs, interrill erosion Dj is
computed with equation 2.11 and the integral for deposition D, is solved numerically (see
Section 2.3.6).

The RUSLEZ2 assumption of uniformity within a segment causes step changes in input
variables and certain computed variables where segments adjoin. Each soil, steepness,
and cover-management variable is constant over a segment, but these variables make step
changes at the common point between two segments. For example, the steepness values
for two segments are not averaged to obtain a single steepness value at the intersection of
two segments. Consequently, computed detachment and deposition values are
discontinuous (i.e., step change) across segment intersections where soil, steepness, or
cover-management changes between segments. However, runoff rate and sediment load
are continuous at adjoining segment points. These step changes require sufficiently short
segments to represent variables that vary continuously along the overland flow path. An
example is a concave overland flow path (profile) where steepness continuously
decreases from its upper end to lower end. A preliminary sensitivity analysis can be
conducted to determine appropriate segment lengths for developing an erosion control
plan for a specific site.

RUSLE2 could have been constructed to accommaodate both step and continuous changes
with distance. However, the benefits of representing both continuous and step changes
were judged insufficient to merit the increased complexity in the equations, inputs, and
programming for most RUSLE?2 applications in erosion control planning. Step changes
seem to occur more frequently than continuous changes in variables along an overland
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flow path in most field situations. RUSLEZ represents these step changes, such as those
associated with buffer strips and intersection of land slopes on construction sites.

2.3.2. Transport capacity-detachment limiting concept

RUSLEZ2 uses the transport capacity-detachment limiting concept to compute rill
detachment or deposition (Foster et al., 1981a). The assumption is that rill erosion occurs
where runoff transport capacity exceeds sediment load. Rill erosion is assumed not to be
affected by the degree that sediment load fills runoff’s sediment transport capacity,
except where rill erosion would overfill transport capacity if rill erosion were to occur at
its capacity rate. In this situation, rill erosion occurs at the rate that just fills transport
capacity.**

A very important RUSLE2 assumption is that detachment and deposition by flow in rill
areas at a location on an overland flow path can not occur simultaneously. Another
important assumption is that both rill and interrill erosion are non-selective (Foster et al.,
1985b). When rill and interrill detachment occur, the detached sediment contains all of
the sediment classes having a distribution and size based solely on soil texture (see
Section 4.7). That is, neither rill nor interrill detachment processes can “reach into the
soil” and selectively remove sediment from particular sediment classes and not remove
sediment from other particle classes. The basis of this assumption is that most soils are
cohesive. Detachment is a process that separates soil particles from the soil mass by
breaking cohesive bonds within the soil. This separation process produces sediment in all
sediment classes because not all bonds in the soil are uniformly broken, much like
striking a piece of concrete with a hammer produces a mixture of particles.*®

Another important RUSLEZ2 assumption is that interrill erosion and deposition in rill
areas occur simultaneously. When flow causes rill erosion, small incised channels are
eroded. When deposition by runoff in rill areas occurs, the deposition is spread across
the slope so that deposition covers the entire local area unless ridges are present (Toy et
al., 2002). Therefore, a case can be made that no interrill erosion occurs on depositional
areas, especially where deposition rates are high and flow is deep to protect the
underlying soil surface from raindrop impact. However, even in these cases, deposition
and water depths are quite spatially non-uniform, resulting in local areas that are not

! The concept of the interaction between rill erosion, sediment load, and transport capacity is valid,
especially in ideal conditions and has advantages for RUSLE?2 (Foster and Meyer, 1975; Foster, 1982).
However, rill erosion in most field conditions is highly variable along rills where very intense local erosion
occurs (e.g., at headcuts) and intervening areas of very low rill erosion. Because the hydraulic equations
used in RUSLE2 do not represent this high degree of spatial non-uniformity, RUSLE?2 can not adequately
capture this important interaction.

1> Soils can contain gravel that runoff does not transport. Conceptually, those particles are not assumed in
RUSLE?2 to be a part of the cohesive soil mass. The reason that gravel particles are not transported is that
the runoff does not have sufficient 