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1. Welcome to RUSLE2 tc  \l 1 "WELCOME TO RUSLE"
Version 2 of the Revised Universal Soil Loss Equation (RUSLE2) estimates soil loss, sediment yield, and sediment characteristics from rill and interrill (sheet and rill) erosion caused by rainfall and its associated overland flow.  RUSLE2 uses factors that represent the effects of climatic erosivity, soil erodibility, topography, cover-management, and support practices to compute erosion.  RUSLE2, like other mathematical models, uses a system of equations to compute erosion.  The RUSLE2 database and its rules and procedures are used to describe a site-specific condition; given a description, RUSLE2 estimates erosion.  RUSLE2 is not a simulation model that attempts to mathematically replicate field processes. 

RUSLE2 is used to guide conservation planning, inventory erosion rates over large areas, and estimate sediment production on upland areas that might become sediment yield in watersheds.  It can be used on cropland, pastureland, rangeland, disturbed forestland, construction sites, mined land, reclaimed land, landfills, military lands, and other areas where mineral soil is exposed to raindrop impact and surface overland flow produced by rainfall intensity exceeding infiltration rate.

The RUSLE2 computer program, a sample database, a tutorial that describes program mechanics, a slide set that provides an overview of RUSLE2, and other supporting information are available for download from Official RUSLE2 Internet Sites supported by the University of Tennessee (web site address ??), the USDA-Agricultural Research Service (ARS) (website address ??), and the USDA-Natural Resources Conservation Service (NRCS) (website address ??). 

2. Why Upgrade from RUSLE1 to RUSLE2? tc  \l 1 "ABOUT RUSLE IN THE NRCS FIELD OFFICE COMPUTER SYSTEM (FOCS)"
Although RUSLE2 is a second generation of RUSLE1, it is not simply an enhancement of RUSLE1 but is a new model with new features and capabilities.  If you are using RUSLE versions 1.05 and 1.06, or even perhaps an older version of RUSLE1,  we strongly recommend that you upgrade to RUSLE2.  RUSLE2 uses a modern graphical user interface instead of the text-based interface of RUSLE1.  RUSLE2 can operate in either US customary units or SI units.   RUSLE2 can globally switch between the two systems of units or the units on individual variables can be changed to one of several units.  Those who work with metric units will find RUSLE2 much easier to use than RUSLE1.   RUSLE2 can also manipulate attributes of variables, which includes graphing, changing units, and setting number of significant digits.  RUSLE2 is much more powerful than RUSLE1, has improved computational procedures, and provides much more output useful for conservation planning than does RUSLE1.

Even though RUSLE2 appears quite different on the computer screen than does RUSLE1, it also has many similarities with RUSLE1.  The general approach is the same and many of the values in the database are the same for RUSLE2 and RUSLE1.  Thus, the conversion from RUSLE1 to RUSLE2 should be relatively easy. 

3. ABOUT RUSLE2 USER’S GUIDES AND DATABASES tc  \l 1 "ABOUT THE USER?S MANUAL"
3.1. RUSLE2 Tutorial

RUSLE2 is a straight forward, easily used computer program that is best learned by using it.  A self-guided tutorial is available on the RUSLE2 Internet Site that can be downloaded and used to help learn the mechanics and operation of the RUSLE2 computer program.  This tutorial can be used to learn the basic mechanics and operations of the RUSLE2 computer program.  As you become familiar with the operation of the RUSLE2 program, we encourage you to thoroughly read this User’s Guide on RUSLE2 and the RUSLE2 Slide Set, especially the speaker notes that accompany most slides, which can also be downloaded from the RUSLE2 Internet Site.  Information on RUSLE2 computer mechanics is included in Appendix A.

3.2. RUSLE2 Database

 Although many values in the RUSLE1 database can be directly transferred to the RUSLE2 database using procedures included in RUSLE2, we recommend that you develop or obtain a new database for RUSLE2.  Several of the inputs in RUSLE2 are different from those in RUSLE1, and new input variables have been added.  Also, core values in the RUSLE2 database have updated based on new analysis.  The RUSLE2 download includes a sample database, but rather than use this sample database as an operational database, we recommend that you obtain the RUSLE2 database available from the USDA-Natural Resources Conservation Service (NRCS) by contacting the State Agronomist in your NRCS State Office.  This database can also be downloaded from (website address ??). 

Values in the RUSLE2 operational database must be based on the RUSLE2 core database given in Appendix C.  Values in the operational database must be consistent with those in the core database, which  ensure consistency in RUSLE2 applications among clients, locations, and other situations were similar erosion values are expected.  This consistency is very important when RUSLE2 is used by a national agency where adequacy of the erosion prediction technology is partly judged on consistency of estimates.  The NRCS database has been extensively reviewed to ensure consistency, minimum error, and expected erosion values.   

3.3. RUSLE2 HELP

The RUSLE2 computer program contains an extensive set of HELP information.  Most of the HELP information is arranged by variable within RUSLE2.  Information on a particular variable can be obtained at the location within RUSLE2 where the variable occurs.

3.4. RUSLE2 Slide Set

A slide set is available with the RUSLE2 download.  This slide set, which includes more than 140 slides, provides an extensive overview of RUSLE2.  The speaker notes that accompany many of the slides provide additional background.  Also, slides can be selected from this set and used for RUSLE2 training and for making presentations on RUSLE2.

3.5. RUSLE2 User Guide
This User’s Guide describes RUSLE2, its factors, selection of input values, and application of RUSLE2.  The Table of Contents lists the topics covered by the User’s Guide.   Rather than reading the entire User’s Guide, specific topics can be selected from the Table of Contents and individually reviewed.  Also, the Glossary of Terms can be useful for information on specific topics.

3.6 Getting Started

Like all other hydrologic models, RUSLE2 requires a proper approach for selecting input values, running the model, and interpreting its output values.  Also, RUSLE2 has particular limitations that must be considered.  Before you begin to apply RUSLE2 to your own applications, become well acquainted with RUSLE2 and its factors by reviewing the RUSLE2 Slide Set.  After you have installed RUSLE2, run the sample database that can be downloaded with RUSLE2 that includes several example profiles.  Change selected variables like location, soil, slope length and steepness, and management and support practices in these examples to help learn the mechanics of the RUSLE2 computer program and main inputs affect soil loss and other variables.  Start out with the “field office simple slope” template rather than one of the more complex templates.  

3.7. Scientific and Technical Documentation

Scientific and technical documentation for RUSLE2 is currently being prepared.  Until this documentation is complete, refer to the Agriculture Handbook No. 703 (AH703), entitled “Predicting Soil Erosion by Water - A Guide to Conservation Planning With the Revised Universal Soil Loss Equation (RUSLE),”  reference manual for RUSLE1
.  The mathematical equations used in RUSLE2 and general procedures are similar to those in RUSLE1.  Therefore, at most, AH703 provides only general background on RUSLE2.

4. Customer Support

If needed information is not available in RUSLE2 documentation, contact one of the RUSLE2 experts.  The USDA-Agricultural Research Service (ARS) and the University of Tennessee are the lead research agencies that developed RUSLE2.  The USDA-Natural Resources Conservation Service (NRCS), the major user of RUSLE2, has much expertise and developed extensive database information for many different types of application of RUSLE2 across the US and in the Tropics.  Contact your NRCS State Agronomist to obtain additional databases, information, and direct assistance on RUSLE2 applications.  Other agencies, such as the USDI-Office of Surface Mining, also provide support for RUSLE2 for specific applications like reclaimed surface mines.   

RUSLE2 Contacts
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George R. Foster, Hydraulic Engineer

USDA-Agricultural Research Service (Retired)

7607 Eastmark Drive, Suite 230

College Station, TX  77840

Telephone:  979-260-9346

Email: gfoster@spa.ars.usda.gov
Topic: Computation programming, technical, and application 

Daniel C Yoder, Professor

Department of Biosystems and Environmental Science

P.O. Box 1071

Knoxville, TN 37901

Telephone: 865-974-7116

Email: dyoder@utk.edu

Topic: Applications and database values

Glenn A. Weesies, Conservation Agronomist

USDA-Natural Resources Conservation Service

National Soil Erosion Research Laboratory

Purdue University, Building SOIL

West Lafayette, IN  47907

Telephone: 765-494-8692

Email:  weesies@ecn.purdue.edu

5. About RUSLE2 

5.1. Fundamental Definitions

RUSLE2 uses several important terms to describe erosion (see Glossary of Terms).  In the mid-1940's, W. D. Ellison defined erosion as, “... a process of detachment and transport of soil particles.”
  Detachment is the separation of soil particles from the soil mass and is expressed in units of mass/area. Soil particles separated from the soil mass are referred to as sediment.  Sediment movement downslope is sediment transport, described as sediment load expressed in units of mass/width of slope. The sediment load at the end of the RUSLE2 hillslope profile is defined as sediment yield.  Deposition, expressed as mass/acre, is the accumulation of sediment on the soil surface.

Detachment transfers sediment from the soil mass to the sediment load so that sediment load increases along the hillslope where detachment occurs.  Conversely, deposition transfers sediment from the sediment load to the soil mass with a corresponding accumulation of sediment on the soil surface.  Deposition is a selective process that sorts sediment.  This process enriches the sediment load in fines in comparison to the soil were detachment originally produced the sediment. 

RUSLE2 considers two types of deposition, local and remote.  Local deposition is sediment deposited very near, within a few inches (several millimeters), of where it was detached.  Deposition in micro-depressions (surface roughness) and in low gradient furrows is an example of local deposition.  The difference between local detachment and local deposition is called net detachment (or net deposition).  Remote deposition is sediment deposited some distance, 10’s of feet (several meters) from the origin of the sediment.  Deposition on the toe of a concave slope, at the upper side of vegetative strips, and in terrace channels is an example of remote deposition.  Full credit for soil saved is taken in RUSLE2 for local deposition, but only partial credit given to remote deposition for soil saved depends on the location of the deposition.  Sediment deposited at the end of a hillslope profile is given very little credit as soil saved.
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tc  \l 1 "ABOUT RUSLE"
5.2. Hillslope Overland Flow Path (Hillslope Profile) as the Base Computational Unit in RUSLE2

The base RUSLE2 computation unit is a single overland flow path along a hillslope profile as illustrated in Figure 5.1.  An overland flow path is defined as the path that runoff flows from the origin of overland flow to where it enters a major flow concentration.  Major flow concentrations are locations on the landscape where sides of a hillslope intersect to collect overland flow in defined channels.  Ephemeral or classical gully erosion occurs in these channels.  These defined channels are distinguished from rills in two ways.  Rills tend to be parallel and are sufficiently shallow that they can be obliterated by normally farming and grading operations as a part of construction activities. When the rills are reformed, they occur in new locations determined by microtopograpy left by soil disturbing operations like tillage.  In contrast, concentrated flow areas occur in the same locations even after these channels are filled by tillage.  Location of these channels is determined by macrotopography of the landscape.

An infinite number of overland flow paths exist on any landscape. A particular overland flow path (hillslope profile), such as the one label A in Figure 5.1, is chosen for the one on which the conservation plan is to be based.  The profile that represents the ¼ to 1/3 most erodible part of the area is the selected profile.  RUSLE2 is used to estimate erosion for this profile that are used in conservation planning to choose a management practice that adequately controls erosion.

The first step in describing the selected profile is to identify a base point on the hillslope through which the overland flow path is to pass.  The overland flow path through that point, such as profile A in Figure 5.1, is described by dividing the slope into segments and specifying distance and steepness for each segment.  The overland path is traced from the origin of overland flow through the base point to where it is terminated by a concentrated flow channel as illustrated in Figure 5.1.  
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Figure 5.2 shows the shape of a typical overland flow path on a common natural landscape.  This complex hillslope profile has an upper convex section and a concave lower section.  This profile has two important parts.  The upper part is the eroding portion where net erosion occurs, and the lower part is the depositional portion where net deposition occurs.  The net erosion rate on the eroding portion of the hillslope is defined as soil loss (mass/area).  Soil loss on the eroding portion of the landscape degrades the soil and that portion of the landscape.  A typical conservation planning objective is to reduce soil loss to a rate less than soil loss tolerance (T), or another quantitative planning criterion.  Keeping soil loss to less than T protects the soil and maintains its productive capacity.

Sediment yield from the hillslope profile and the site is also an important conservation planning consideration.  Excessive sediment leaving a site can cause downstream sedimentation and water quality problems.  Sediment yield is less than soil loss by the amount of deposition.  The sediment yield computed by RUSLE2 is the sediment leaving the hillslope profile represented in RUSLE2.  This sediment yield will be the sediment yield for the site only if the RUSLE2 hillslope profile ends at the boundary of the site.

Many conservation planning applications only involve the eroding portion of the hillslope, which can be approximate by a uniform slope as illustrated in Figure 5.2.  The slope length is the distance from the origin of overland flow to where deposition begins, which is the traditional definition of slope length in the USLE and RUSLE1.  However, soil loss estimated using a uniform slope of the same average steepness and slope length as a nonuniform shaped profile will differ between the profiles, sometimes by as much as 15%.  The difference is especially important on convex shaped hillslopes where erosion near the end of the hillslope can be much larger than the erosion rate at the end of a uniform profile.  Deposition like that in Figure 5.2 for concave hillslope sections does not occur on the uniform and convex shaped hillslopes illustrated in Figure 5.3.  Sediment yield equals soil loss on those profiles.
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Another important complex hillslope shape is shown in Figure 5.4 where a concave section occurs in the middle of the hillslope.  A field example is a cut slope-road-fill slope that is common in hilly terrain being logged.  Deposition can occur on the mid-section of the hillslope where the road is located. Soil loss occurs on the cut slope and on the fill slope where overland flow continues across the road onto the fill slope.  Although the steepness and length of the fill slope is the same as that for the upper cut slope, soil loss is much greater on the fill slope than on the fill slope because of the increased overland flow.  Although the USLE and RUSLE1 cannot easily describe this hillslope, RUSLE2 easily describes it, determines appropriate overland flow slope lengths, and computes soil loss on the two eroding portions of the hillslope, deposition on the depositional portion of the hillslope, and sediment yield from the hillslope. Note that the slope length used in RUSLE2 does not end where deposition begins for this hillslope profile.
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In addition to computing how slope shape affects erosion, RUSLE2 can also compute how variations in soil and management along a hillslope profile affect erosion.  

5.3. Does RUSLE2 Apply to Certain Conditions? 

5.3.1. Rill erosion or concentrated flow erosion?

RUSLE2 does not apply to concentrated flow areas where ephemeral gully erosion occurs.  Whether or not RUSLE2 applies to particular eroded channels is not determined by size or depth of the channels.  The determination depends on whether the channels in the field situation would be included if RUSLE2 plots were to be placed on that landscape.  The core part of RUSLE2 that computes net detachment (sediment production) is its empirically derived from data collected from plots like those illustrated in Figures 5.5 and 5.6.  The length of these plots were typically about 75 ft (25 m) and widths ranged from 6 ft (2 m) to about 40 ft (13 m) wide with plots as wide as 150 ft (50 m) at one location.  These plots were always placed on the sides of the hillslope where overland flow occurred, not in the swales where concentrated flow occurs.  Thus, RUSLE2 can estimate soil loss for rills 15 inches (375 mm) deep on sides of hillslopes because these rill would be in plots placed on this part of the landscape but not erosion from a 4 inch (100 mm) deep ephemeral gully or 10 ft (3 m) deep classical gully in a concentrated flow area because plots were not be placed in these locations. 

5.3.2. Can RUSLE2 be Used to Estimate Sediment Yield from Large Watersheds?
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 Sediment yield from most large watersheds is often less than sediment production within the watershed.  Thus, much sediment is deposited within a typical watershed.  RUSLE2, in contrast to the USLE and RUSLE1, can estimate the deposition that occurs on the overland flow portion of the landscape.  This deposition can be substantial on many hillslopes, up to 75% of the sediment produced on the eroding portion of the hillslope.  If RUSLE2 is being used to estimate sediment yield in watersheds, it should be applied only to the eroding portion of the landscape to compute a soil loss comparable to that computed by the USLE.  Otherwise, a different set of sediment delivery ratio values from those used by the USLE would have to be used with RUSLE2 to take into account deposition on overland flow areas.

In addition to the sediment produced, which is estimated by RUSLE2, by interrill and rill erosion on upland areas, erosion in concentrated flow areas (ephemeral gullies), classical gullies, stream channels, and mass movement of material into channels are other major sources of sediment that contribute to sediment yield, which are not estimated by RUSLE2.

5.3.3.  Estimating Soil Loss with RUSLE2 for Large Areas
RUSLE2 can be used to estimate soil loss for large areas.  The approach is to select sample points over the inventory area where RUSLE2 will be applied to compute soil loss.  These sample points should be selected according the requirements of the inventory, giving special attention to the required accuracy and how soil loss [image: image1.jpg]Figure 56. Exosion plots 12 0 (365 1) wide, 726 8 (221 ) long ear
Colucbia, MO



estimates will be aggregated according to soil, topography, land use, and conservation practice.  RUSLE2 can be applied in several ways.  One way is to estimate a “point” soil loss at the sample point.  A slope length to the point and values for steepness, soil, and cover and management at each sample point are determined.  A slope segment of 1 ft (0.3 m) at the end of the slope length along with values are used in RULE2 to compute soil loss at the point.  Another approach is to determine a slope length through the point that extends to the location that deposition begins or to a concentrated flow area if deposition does not occur.  Values for conditions along the slope length are used in RUSLE2 to compute a soil loss for the slope length.  A limitation of this approach is that soil loss values cannot be aggregated based on conditions that vary along a slope length, such as multiple soil types.  A third approach, which was used by NRCS for the National Resources Inventory (NRI), uses the slope length through the point to either deposition or a concentrated flow area and conditions at the point to compute soil loss.  This approach does not provide an estimate of soil loss at the point.  Soil loss values cannot be aggregated for variables that are related to position on the slope.  For example, the same soil loss is computed at the top of slope as at the bottom of slopes when slope steepness is the same for both locations.
  Although computing soil loss for the entire slope length has limitations, a major advantage is that the number of sample points is significantly reduced that are needed to obtain an accurate estimate of average soil loss for the area or for the main variables that are not landscape position dependent.

An approach that absolutely should not be used is to determine spatially averaged values for slope length and steepness, soil, and cover-management conditions for the inventory area and use these values in RUSLE2 to compute a single soil loss value for the area.  Soil loss estimates by this method are inaccurate because of nonlinearities in the RUSLE2equations.  No simple, universally applicable method can be developed to select the proper values.  The issue is directly related to the proper mathematical procedures for spatial integration, which is exactly the reason why RUSLE2 is much superior mathematically to the USLE or RUSLE1 as discussed below.

5.4. Equation Structure of RUSLE2
RUSLE2 uses an equation structure similar to the Universal Soil Loss Equation (USLE) and RUSLE1. RUSLE2 computes average annual soil loss on each ith day as:

ai = ri ki li S ci pi



[5.1]

where: ai = average annual soil loss, ri = erosivity factor, ki = soil erodibility factor, li = soil length factor, S = slope steepness factor, ci  = cover-management factor, pi = supporting practices factor, all on the ith day.  The slope steepness factor S is the same for every day and thus does not have a subscript.  To emphasize, values for these factors are average annual for a particular day—not for the year, which is the reason that lower case symbols are used rather than upper case as in RUSLE1 and USLE. 

RUSLE2 computes deposition when sediment load exceeds transport capacity using:
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[5.2]
where: Dp = deposition, Vf = fall velocity of the sediment in still water, q = overland flow (runoff) rate per unit width of flow, Tc = transport capacity, and g = sediment load.  RUSLE2 computes runoff rate using the 10 yr storm erosivity, the NRCS curve number method, and a runoff index computed using cover-management variables.  RUSLE2 computes transport capacity using:
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[5.3]
where: s = sine of the slope angle and KT = a transport coefficient computed as a function of cover-management variables.  Sediment load is computed from the steady state conservation of mass equation of:
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[5.4]
where: gout =  sediment load leaving the lower end of a segment on the slope, gin = entering the upper end of the segment, (x = length of sediment, and D = net detachment or deposition within the segment.  The sign convention is “+” for detachment because detachment adds to the sediment load, and “-“ for deposition because it reduces the sediment load.  Equation 5.4 is graphically illustrated in Figure 5.7.
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Equations 5.2-5.4 are solved for each of the five particle classes of primary clay, primary silt, small aggregate, large aggregate, and primary sand.  The distribution among these classes at the point of detachment is computed by RUSLE2 as a function of soil texture.  The wide range in fall velocity for sediment particle classes allows equation 5.2 to compute the sorting of sediment where coarse and dense sediment are deposited first, which enriches the sediment load in fines and less dense particles.  

Average annual soil loss is computed as:
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[5.5]

where: A = average annual soil loss, m = number of years in the analysis, and 365m = the number of days in the analysis period.  The value for m = 1 for continuous vegetation on range, pasture, and similar lands; length (duration in yrs) of cropping-management rotations on cropland, and the number of years following a disturbance like construction, logging, grading of a reclaimed surface mine, or closing of a land fill.  

For comparison, RUSLE1 is:
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[5.6]
where: R = average annual erosivity, fk = distribution of erosivity by half month period, L = slope length factor, P = supporting practices factor, and k = index for the half month period.  The 24 in equation 5.6 is the number of half month periods in a year.  Values for the terms K and C are computed from:
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[5.7]
and:
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[5.8]
Values for K and C were computed and placed in tables so that RUSLE1 could be used in a “paper version” as A=RKLSCP as an alternative to using the RUSLE1 computer program.

The USLE is:
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[5.9]
where: j = the index for crop stage periods and N = the number of crop stages over the analysis period. A crop stage period is one where the cover-management factor c can be assumed to be constant.  Values for C were computed from:
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[5.10]
and were also computed and placed in tables so that the USLE could easily be used in a “paper version” as A=RKLSCP. 

The numerical integration used in RUSLE2 to solve equations 5.1 and 5.5 is much superior to the approximations used in RUSLE1 and the USLE.  The difference in soil loss estimates between RUSLE2 and the other equations can be as much as 15 percent because of the mathematical integration procedures. Modern computers are readily available to solve complex equations to eliminate the need for “paper version” of RUSLE2, which is too complex for a “paper version.”

The USLE, introduced in the early 1960’s and revised in 1978,
 was totally empirical, having been derived from more than 10,000 plot years of data from natural runoff plots and an estimated equivalent of 2,000 plot-years of data from rainfall simulator plots.  The strength of the USLE is its empiricism, which is also its weakness.  The USLE cannot be applied to situations where empirical data are not available for a specific field condition to derive appropriate factor values.

Federal legislation in the 1980’s required erosion prediction technology applicable to almost every cropland use, a requirement that the USLE could not meet.  A “subfactor” method that estimates values for the cover-management factor C allows RUSLE1 to be applied to any land use.  Process-based equations were also added to estimate the values for the support practice factor P so that soil loss could be estimated for modern strip cropping systems not possible with the USLE.  Data were not available for these systems needed to derive USLE P factor values.  This hybrid approach of starting with an empirical structure and then adding process-based equations where empirical data were not adequate greatly increased the power of RUSLE1 over the USLE.

RUSLE2 significantly expands on this hybrid approach by combining the best of empirical based and process based erosion prediction technologies..  Modern theory on erosion processes of detachment, transport, and deposition of soil particles by raindrop impact and surface runoff was used to derive RUSLE2 relationships where the required equations could not be derived from empirical data.  RUSLE2 is a well-validated erosion prediction technology that builds on the success of the USLE and RUSLE1.  Procedures used to validate RUSE2 are described in Appendix B. 

5.5. Major Factors Affecting Erosion

The four major factors affecting interrill and rill erosion are: (1) climate, (2) soil, (3) topography, and (4) land use.

5.5.1. Climate

Rainfall drives interrill and rill erosion.  The most important characteristics of rainfall are rainfall intensity (how hard it rains) and rainfall amount (how much it rains).  Soil loss is high in Mississippi where much intense rainfall occurs, whereas soil loss is low in the deserts of Nevada where very little rainfall occurs.  Thus, rainfall erosivity varies by location.  Specifying the location of a site identifies the erosivity at the site.

5.5.2. Soil

Some soils are naturally more erodible than are other soils.  Erosion by raindrop impact is not easily seen, but varying degrees of rilling indicate differing erodibility among soils.  Knowledge of basic soil properties such as texture provides an indication of erodibility.  For example, soils high in clay and sand have low erodibilities while soils high in silt have high erodibilities.  Soils are mapped and named as map units and components that make up map units.  Soil properties, including erodibility, are assigned by soil component and map unit. These properties are, in effect, specified when the name of a soil mapping unit is selected.

5.5.3. Topography
Topography, especially steepness, affects soil loss.  Intense rilling is evidence that steep slopes like road cuts and fills experience intense erosion when bare.  Runoff that accumulates on long slopes is also highly erodible, especially when it flows onto steep slopes..  Thus, slope steepness and, to a lesser extent, slope length are major indicators of how topography affects erosion.  Slope shape also affects erosion by evidence of deposition that occurs on concave slopes.

5.5.4. Land Use

Erosion occurs when soil is left bare and exposed to raindrop impact and surface runoff.  Vegetative cover greatly reduces soil loss.  Two types of practices are used to control soil loss.  One type is cultural practices like vegetative cover, crop rotations, conservation tillage, and applied mulch, and the other type is supporting practices like contouring, strip cropping, and terraces that “support” cultural management practices.  Of the factors of climate, soil, topography, and land use, land use is most important. It has the greatest range of effect, and it is the one that can most easily be changed to control soil loss and sediment yield.

A powerful feature of RUSLE2 is that it is land use independent.  By using fundamental variables to represent cover-management effects, RUSLE2 can be applied to any land use.  These variables include percent canopy cover; fall height; ground cover provided by live vegetation, plant litter, crop residue, and applied materials; surface roughness; soil biomass; degree of soil consolidation, and ridge height.  RUSLE2 applies to cropland, rangeland, disturbed forestland, construction sites, reclaimed mined land, landfills, military training sites, and other areas where “mineral” soil is exposed to the forces of raindrop impact and overland flow produced by rainfall in excess of infiltration.  

5.5.5. Computing Soil Loss with RUSLE2

RUSLE2 computes erosion by using inputs for climate, soil, topography, and land use.  Information on these factors is stored in the RUSLE2 database using names for locations, which identifies climate, soil, cover-management, and supporting practice.  When RUSLE2 is run, the user selects a name from the list for each of these factors, and RUSLE2 “pulls” the data associated with these names from its database.  The user enters additional site-specific information on topography, yield (production level), rock cover, and type and amount of applied materials like manure and mulch.  This information describes a hillslope profile.  Once the information has been entered in RUSLE2, the profile can be named and saved in the RUSLE2 database.  The RUSLE2 profile component computes erosion on a single hillslope profile.  

The RUSLE2 worksheet component is used in most conservation planning applications to compute erosion for a set of alternate conservation practices for a single hillslope profile for a particular location, soil, and topography.  The worksheet is a convenient way to compare alternatives.  The “field office expanded” template provides additional worksheets.  One of these worksheets can be used to compare hillslope profiles where all attributes including location, soil, topography, cover-management, and supporting practice can vary among the profiles.  Another worksheet can be used to compute average soil loss for a spatial area like a field or watershed where profiles vary over the area.  Like profiles, individual worksheets can be named and saved.

The components of the RUSLE2 database are listed in Table 5.1.  With the exception of a few site specific inputs, RUSLE2 uses values stored in its database to make its computations.  Input values in the database can be modified during a RUSLE2 analysis.  However, you may be locked out of certain database elements because of settings in the RUSLE2 access control.  Contact your RUSLE2 administrator for information on changing RUSLE2 access control.

The mechanics of the RUSLE2 interface are described in a tutorial available from the RUSLE2 download site.  Similar information is summarized in Appendix C.  When the RUSLE2 program is first opened, the opening screen provides two choices.  Select either a profile or worksheet to perform erosion computations or select one of the database components to work on the database.  The second choice is to select a template.  Templates control the appearance of the RUSLE2 interface and determine the complexity of the field problems that can be analyzed.  RUSLE2 is easiest to use a simple uniform slope, which is the “field office simple slope” template.  As you become familiar with RUSLE2, move to other templates to analyze complex slopes.

Table 5.1. RUSLE2 database components

Component
Comment

Worksheet
Computes soil loss for alternative management practices, alternative profiles, average soil loss for an area

Profile
Computes soil loss for a single hillslope profile, the basic computational unit in RUSLE2

Climate
Contains data on average annual erosivity, EI30, rainfall amount, and temperature 

Storm erosivity
Contains data on the distribution of erosivity during the year

Soil
Contains soil’s data including erodibility, texture, hydrologic soil group, time to consolidation, sediment characteristics, soil erodibility nomographs

Management
Contains descriptions of cover-management systems.  Includes dates, operations, vegetation, type and amount of applied materials

Operation
Contains data on operations, which are events that affect soil, vegetation, and residue.  Includes the sequence of processes used to describe each operation; where an operation places residue in the soil; values for flattening, burial, and resurfacing ratios; ridge heights; and initial soil roughness

Vegetation
Contains data on vegetation. Include values on residue type, yield, amount of above ground biomass at maximum canopy, senescence, flow retardance, root biomass, canopy cover, fall height, live ground cover

Residue
Contains data that describe the residue assigned to each vegetation.  Includes values for decomposition, mass-cover relationship, how residue responds to tillage 

Contouring
Contains values for row grade used to describe degree of contouring

Strips/barriers
Contains data that describes filter strips, buffer strips, and rotational strip cropping.  Includes cover-management in strips, width of strips, number of strips across slope length, whether or not a strip is at the end of the slope, and offset of rotation by strip

Hydraulic system
Identifies the hydraulic elements and their sequence to describe hydraulic systems of diversions, terraces, and impoundments.  Includes number across slope length and whether or not a system is at the end of the slope or specific locations on the slope length

Hydraulic element
Contains data on grade of named channel for terraces and diversions

Subsurface drainage system
Contains data on the percent of the area covered by optimum drainage

6. RUSLE2 Database Components

This section describes each of the RUSLE2 database components, the variables in each component, the role of each variable, and how to determine a value for each variable.  

6.1. Climate

Table 6.1 lists the variables in the climate database component.

Table 6.1. Variables in climate database component

Variable
Symbol
Comment

Average annual erosivity
R
An index of the erosivity at a location, closely related to rainfall amount and intensity

10 yr EI30
(EI30)10
Erosivity of an infrequent moderately erosive rain, used to compute transport capacity and deposition for concave slopes, vegetative strips, and channels; reduction of erosion by ponding; effectiveness of contouring; critical slope length for contouring 

Erosivity distribution
Identifier name
Describes how erosivity varies during the year, interacts with variations of soil erodibility and cover-management variables during year to significantly affect erosion

In Req Area?
Yes or no
The Req area is a region  in the Northwestern part of the US where the erodibility of cropland and other highly disturbed soils is greatly increased during winter months, answer Yes to use Req relationships for these land uses 

Use Req distribution?
Yes or no
The wintertime adjustment for increased erodibility does not apply to land uses like pasture and rangeland; if answered no, Req relationships will not be used

R equivalent
Req
The effect of the greatly increased erodibility is accounted for in the Req region by using an equivalent erosivity value based on annual precipitation

EI distribution for Req
-
An erosivity distribution that describes the greatly increased erodibility during the winter

Adjust for soil moisture
Yes or no
An adjustment is made for soil moisture when the Req relationship is selected for cropland and other situations of highly disturbed soil, only applies to Req zone 

Annual precipitation
Vrf
RUSLE2 computes annual precipitation from the monthly precipitation values, used to compute time to soil consolidation

Vary soil erodibility with climate
Yes or no
With the exception of when the Req relationships are used, select Yes to vary soil erodibility values through time as a function of monthly precipitation and temperature

Monthly temperature

Average annual monthly temperature, used to compute the temporal variation of soil erodibility and decomposition of dead plant materials (litter, residue, roots) 

Monthly rainfall

Average annual monthly precipitation (rainfall, snow, and applied irrigation water), used to compute the temporal variation of soil erodibility and decomposition of dead plant materials (litter, residue, roots)

6.1.1. Average Annual Erosivity-R

6.1.1.1. Selecting R values in US

The average annual erosivity factor R is an index of rainfall erosivity at a location.  For example, R-values in central Mississippi are about 10 times those in Western North Dakota. If all things are equal, erosion in central Mississippi is 10 times that in Western North Dakota.  The R factor reflects the effect of both rainfall amount and rainfall intensity.  Thus, R-values can vary significantly among locations having nearly equal rainfall amounts.

Values for R are available from the USDA-NRCS for any location in the US.  Values for selected locations are included in the sample database that is downloaded with RUSLE2.  If none of these sources are available, R-values can be selected from Figures 6.1-6.4.
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6.1.1.2. Estimating erosivity for high elevations

Erosivity varies greatly with location in mountainous areas.  Erosivity maps like those in Figure 6.2 do not provide accurate values because of insufficient map scale and limited rainfall data.  Rain data are often not available at high elevations because rain gages are most often located at lower elevations in valleys where economic activities like aviation and farming occur. 

Values for R can be estimated where data on rainfall amount, but not intensity, are available.  The R-value for each month is computed by multiplying the R-value at the nearest location where R is known by the fraction of erosivity in the month.  The monthly R-value at the second location is computed as the product of the known monthly R-value and the ratio of non-snow monthly precipitation at the locations raised to the power of 1.5, which takes into account both rainfall amount and intensity.  The R-value is then obtained by summing the monthly values.  When data on rainfall amount are not available, estimate annual precipitation in remote mountainous areas based on the type and production of level of vegetation.  Estimate R by multiply the known R-value by the ratio of precipitation values for the two locations raised to the 1.5 power. 

6.1.1.3. Snowmelt erosivity

RUSLE2 does not estimate erosion caused by snowmelt.  However, RUSLE2 does estimate erosion by rainfall for the period when snow cover is not present.  Preciptiation data used to estimate R values should be based only on rainfall and should not include snow values.  The Req relationships discussed below in section 6.1.8. does not apply to conditions where a snow pack covers the soil for the winter months nor does it estimate the erosion that occurs when the snow pack melts.  

6.1.1.4. Estimating erosivity for regions having limited rainfall data

RUSLE2 is frequently applied in regions outside of the US where detailed rainfall data are not available.  Appendix D describes approaches that can be used to estimate erosivity values when rainfall data are limited.  These procedures can also be used in the US to expand the rainfall database to determine R-values. 

6.1.1.5. Computing erosivity from rainfall data

Average annual erosivity is computed as the sum of the erosivity EI30, which is the product of the total energy and maximum 30-minute intensity for the storm, of individual storms.  Total storm energy is closely related to storm rainfall amount, and maximum 30-minute intensity is a measure of peak rainfall intensity.  Total energy for a storm is computed from:
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where: e = unit energy (energy per unit of rainfall),  (V = rainfall amount for the kth period, k = an index for periods during a rain storm where intensity can be considered to be constant, and M = number of periods.  Unit energy is computed from:
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[6.2]
where: unit energy e has units of MJ/ha(mm and i = rainfall intensity (mm/h).
  Table 6.2 illustrates computation of total energy for a storm.  The total energy for the storm is
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8.90 MJ/ha.  The maximum 30-minute intensity must be determined to multiply by the storm energy to determine storm erosivity.  Maximum 30-minute intensity is the average intensity for the continuous 30 minutes with the maximum rainfall.  (Also, I30 = 2(amt of rain in 30minutes with maximum rainfall amt)  Plotting cumulative rainfall for the storm as illustrated in Figure 6.5 is helpful for determining maximum 30-minute rainfall.  This storm is unimodal (single peak) at the time of the 30 minutes having the most rainfall.  The amount of rainfall is 28.7 mm for the 30 minutes with the most rainfall, which gives an intensity of 57.4 mm/h for I30.  The erosivity for the storm is 8.90 MJ/ha ( 57.4 mm/h = 511.9 MJ(mm/(ha(h).  The computation of storm erosivity in US customary units is similar, except that the erosivity values are divided by 100 to provide working numbers of increased convenience.  Rains of less than 0.5 inch (12 mm) and separated from other rains by more 6 hours are not included in the computations unless the maximum 15-minute intensity exceeds 0.5 inch/hour (12 mm/h).  These storms add little erosivity and significantly reduce the amount of rainfall data that must be processed.

Total erosivity for a year is the sum of the storm erosivities in the year as:
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where: Rj = the erosivity for the year, EI30 = the erosivity of individual storms, j =an index for each storm, and J = number of storms in the year.  The average annual erosivity is computed from:
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[image: image41.wmf]Table 6.10. Soil loss along a uniform slope and convex slope of same length and
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R = average annual erosivity, Rm = erosivity for individual years, m = index for year, and M = total number of years.  Annual erosivity varies greatly year to year.  At least 15 years of data are needed to obtain a reasonable estimate of average annual erosivity.  Twenty and even thirty years of data are preferred.  Extreme storms with a greater than a 50 year return period are not included.  These extreme storms can significantly distort the average annual erosivity.  Values for R used in RUSLE2 should be obtained from the USDA-NRCS that has prepared a database of R-values across the US on a 1-km by 1-km grid.
  Values from this database can be extracted and used in RUSLE2.  Values from the NRCS database have been adjusted for elevation and other spatial factors that affect erosivity.

Values of average annual erosivity can be computed for individual locations and mapped as illustrated in Figures 6.1-6.4.  Values can be used from these figures if the NRCS database is not available.

6.1.1.6. Erosivity for the ith day

RUSLE2 uses a value for erosivity for the ith day to compute soil loss on the ith day in equation 5.1.  This erosivity is computed by multiplying the average annual R value by the fraction fi of erosivity that occurs on the ith day.  The erosivity ri on any day is determined from the distribution for erosivity during the year, which is discussed in section 6.1.3.  
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6.1.2. 10 yr EI30
The 10 yr EI30 is used to compute runoff using the NRCS curve number method and the reduction of erosivity by ponding.  Runoff is used to compute factor values for contouring, the critical slope length for contouring, and sediment transport capacity.  Sediment transport capacity is used to compute deposition by runoff entering concave slope sections, dense vegetation, high ground cover, and rough soil surfaces.  The 10 yr EI30 value is the maximum storm erosivity that occurs in any year that has the probability of occurring once every10 years (a 10-year return period).
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The USDA-NRCS has determined values for 10 yr EI30 from observed weather data.  Values for 10 yr EI30 are available for any location in the US in a database that can be obtained by contacting the NRCS State Agronomist in your state. If these data are available, a 10 yr EI30 value can be selected from Figures 6.6-6.9.
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6.1.3. Distribution of Erosivity During the Year

Erosivity varies temporally in patterns that vary by location as illustrated in Figure 6.9.  For example, erosivity is nearly uniform at Memphis, Tennessee, while eighty percent of the erosivity occurs in the months of May, June, and July in North Dakota, a period when clean tilled row crops are especially susceptible to erosion because little cover is present.  Therefore, on a relative basis, greater erosion occurs with clean tilled crops like corn per unit R in North Dakota than in Tennessee because of time of peak erosivity overlaps with the time when the cropping system leaves the soil most vulnerable to erosion in North Dakota. Growing a crop like wheat that provides the greatest protection during peak erosivity can significantly reduce erosion.  Another example is to ensure that the exposed portion of a construction site is minimal during peak erosivity.  Soil erodibility also varies during the year.  Erosion is greatest when peak erodibility,  erosivity, and vulnerability of cover-management all correspond.
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The distribution of erosivity is entered into RUSLE2 by half-month period, which RUSLE2 expands into daily values.  The procedure used to expand the half-month values into daily values is described in section 6.1.7.  

Values for the erosivity distributions at any US location are available from the USDA-NRCS State Agronomist in your state.  If these data are not available, use the values that are available in the sample database downloaded with RUSLE2.  These values are associated with the EI distribution zones shown in Figure 6.10.
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6.1.4. Annual Monthly Precipitation and Temperature 

RUSLE2 uses data for average annual monthly precipitation and temperature to compute decomposition of plant litter, crop residue, dead roots, and applied materials like manure and mulch.  The best source of these weather data is the database available from the USDA-NRCS State Agronomist in your state. Values for your location can be extracted from this database that provides on a 1-km by 1-km grid across the US.  

If values are not available from NRCS, the values can be obtained from local weather records.  The most recent 30 years of data should be used.  Do not use less than 20 years of data.  Using data from a nearby location with essentially the same weather is better than using data from a record less than 20 years.

Use care in developing these data.  Measurements at certain locations are not representative of the area where RUSLE2 will be applied.  For example, rainfall and temperature data from an urban airport may not represent a neighboring rural area.  Sometimes data from a single station is used to apply RUSLE2 to a county. Data from surrounding stations should be reviewed for consistency.  A better data set is one where data from neighboring stations are averaged rather than using data from individual stations.  Unexplained variability in the weather data introduces variability in soil loss estimates from RUSLE2 that do not represent “real” variations and that should be considered in conservation planning.

Both temperature and rainfall vary spatially in mountainous areas.  The best approach is to contact the NRCS State Agronomist in your state for rainfall and temperature values at your location.  However, if these values are not available, use professional judgment to develop temperature and precipitation values.

6.1.5. Varying Soil Erodibility with Climate

RUSLE2 varies soil erodibility as a function of monthly precipitation and temperature.  This capability should be used for all locations and conditions where the standard erosivity relationships are used, including all areas in the Western US.  However, the soil erodibility should not be varied with climate for the Req zone described in section 6.1.8.

6.1.6. RUSLE2 Reduces Erosivity for Ponding

Intense rainfall on slopes less than about 1 causes ponded water that reduces the erosivity of raindrop impact, an effect very important in the Mississippi Delta Region.  RUSLE2 automatically computes the effect of ponding on erosivity by internally reducing R values.  The reduction is computed as a function of slope steepness and the 10 yr EI30. The 10 yr EI30 storm captures the effect of a large, intense relatively infrequent storm where ponding is most likely to have its greatest effect.  In contrast to RUSLE1, RUSLE2 assumes that ponding reduces erosivity on both flat and ridged surfaces, and the adjustment for ponding in RUSLE2 cannot be “turned off.” 

6.1.7. Disaggregating Half Month and Monthly Values into Daily Values
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Although RUSLE2 uses average annual daily weather values in its computations, input values for weather values are on a half-month and monthly basis.  RUSLE2 “disaggregates” half-month and monthly values into daily values.  This procedure uses linear equations that preserve the half-month and monthly averages in the input data.  The resulting daily values are sometimes not smooth, especially for rainfall values that vary up and down from month to month in comparison to the smooth trends in temperature.  Preserving average values was considered to be more important than having a smooth curve.  Examples of RUSLE2 disaggregated monthly values are shown in Figures 6.10 and 6.11.

6.1.8. Erosivity Relationships in the Req Region

6.1.8.1. Req values

The erosion processes in the Northwestern Wheat and Range Region (NWRR),
 adjacent areas with similar climate, and certain other areas of the western US are different from those in other regions.  Erosion from rainfall and/or snowmelt on thawing cropland, construction sites, and other sites of highly disturbed soils in this region is much greater than expected based on standard R-values.  Therefore, equivalent R-values, Req values, are used to apply RUSLE2 to these special conditions.  In addition, a modified erosivity distribution and special equations for the topographic and cover-managements factors are also used.  The Req erosivity distribution is described below and the topographic and cover-management relationships are described in sections 6.3.1.1. and ??.  
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Figure 6.9. Erosivity distribution for locations in California, 
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The conditions where these relationships apply is known as the Req zone.  This zone is illustrated in Figure 6.12.  Northwestern Colorado and southeastern Utah and southwestern Colorado are special transitional areas that use different relationships from those in the Req zone.  

Values for Req are used instead of standard R values in the Req zone.  Values for Req are computed from annual precipitation as:

Req = 7.86Vrf – 50.5


[6.6]




where: Req = the equivalent erosivity (US erosivity units) and Vrf = average annual precipitation (in).  Equation 6.6 is an empirical equation developed primarily for conditions across eastern Washington into Idaho.  Equation 6.6 should not be applied to situations that give an Req value greater than 200 US erosivity units.  Similarly, an Req value greater than 200 US erosivity units should not be used in RUSLE2.  

The best approach is to obtain Req values from the NRCS.  A value for Req can be entered directly into the RUSLE2 database for a particular location or RUSLE2 can compute it from average precipitation using equation 6.6.  If Req values can not be obtained from NRCS, values can be taken from Figures 6.13-6.14.
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[image: image52.wmf]Table 6.12. Soil loss on a cut-road-fill slope
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At first, the Req effect may appear to apply to areas beyond the NWRR where frozen soils and runoff from snowmelt occur, such as the northern tier of states in the U.S.  However, that region does not experience the repeated freezing and thawing that is characteristic of the Req zone.  Instead, the freezing, thawing, and runoff on thawing soils in those areas is limited to about one month instead of occurring repeatedly throughout the winter months in the Req zone.  Research at Morris, Minnesota showed that only about seven percent of the annual erosion at that location is associated with erosion during the spring thaw.  The soil is much more susceptible to erosion during the thawing period, but that effect is considered in the temporally varying soil erodibility factor K for all areas of the US except for the Req region where the Req erosivity distribution accounts for the variation of soil erodibility.

Rainfall and runoff on thawing soil is common to regions like the upper Mid-South and lower Midwest regions of the US that experience repeated freezing and thawing events and where much rainfall routinely occurs during the winter.  Even though repeated freezing and thawing is experienced, the soil is not super-saturated by a restricting frost layer a few inches below the soil surface like that in the Req zone.  The temporally varying soil erodibility factor K partially takes into account the increased erosivity during freezing and thawing.
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6.1.8.2. Req distribution
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A special erosivity distribution is needed for the Req zone to account for the greatly increased erosion that occurs during the winter months.  The Req erosivity distribution is shown in figure 6.14 with the erosivity distribution based on standard erosivity computations.

6.1.8.3. Selection of RUSLE2 Climate values for the Req zone

Several considerations are necessary in applying RUSLE2 in the Req zone.  The first consideration is whether or not to use the Req relationships.  Definitely the Req relationships are used for cropland where tillage occurs annually and on disturbed areas like construction sites, reclaimed land sites, and disturbed forest lands within one year after the disturbance.  The Req relationships do not apply to undisturbed lands like pasture and rangelands.  Hay and similar lands where mechanical soil disturbance (cultivation) occur regularly but infrequent and as time elapses after landfill closure or reclaimed mine site grading is finished requires special consideration.  The recommended approach is to assume that the transition time between the Req effect and standard erosivity effect equals the time to soil “consolidation.”  Erosion is computed assuming both the Req relationships and the standard erosivity relationships.  A soil loss is interpolated between these two values depending on how frequently a mechanical soil disturbance occurs or how time has elapsed since a disturbance.
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If the Req relationships are to be used, answer Yes to the question In Req area?  and Yes to the question Use Req EI distribution.  The standard Req erosivity distribution that is in the RUSLE2 sample database should be used throughout the Req zone.  Select the appropriate special erosivity distribution for either Northwestern Colorado or southeastern Utah and southwestern Colorado.  Answer Yes to the question adjust for soil moisture when the Req relationships are used in RUSLE2.  The amount of moisture in the soil profile during the winter months greatly affects erosion in the Req zone.  Certain management practices and crops grown ahead of the winter greatly soil moisture and  soil loss.  Answering Yes instructs RUSLE to take into account these effects.  Answer No to the question Vary soil erodibility with climate when the Req relationships are used.  Answer Yes for varying soil erodibility with climate when the standard erosivity is used, including all areas of the US, including the Western US.

6.2. Soil

The values included in the Soil component of the RUSLE2 database are listed in Table 6.3.

Table 6.3. Variables in soil component of RUSLE2 database

Variable
Comment

Soil erodibility factor (K)
Soil erodibility factor value, preferably from NRCS soil survey, includes no effect of rock surface cover, includes effect of rock in soil profile

Soil texture
USDA soil texture name, if sand, silt, and clay content entered, RUSLE2 assigns appropriate textural class

Sand, silt, clay content (%)
Based on USDA classification; if texture entered, RUSLE2 selects values for mid-point of textural classification for sand, silt, clay %

Hydrologic soil group (undrained)
Index for potential of soil to produce runoff under unit plot conditions for undrained conditions, A (lowest runoff potential), B, C, D (highest runoff potential)

Hydrologic soil group (drained)
Index for potential of soil to produce runoff under unit plot conditions with a high performing subsurface drainage system installed to NRCS specifications.  A (low runoff potential), B, C, D (high runoff potential) selected based on drainage system and soil properties (hydrologic soil group not automatically an A for drained conditions because of soil properties may limit drainage)

Rock cover (%)
Percent of soil surface covered by rock fragments sufficiently large not to be moved by runoff, rock diameter generally larger than 10 mm.

Calculate time to consolidation
Answer Yes for RUSLE2 to compute time to soil consolidation

Time to soil consolidation
Time for erodibility of soil to decrease and level out after a soil mechanical disturbance, enter a value or have RUSLE2 compute a time based on average annual precipitation 

Soil tolerance (T)
Soil loss tolerance value assigned by NRCS; standard for protecting soil as natural resource, not for sediment yield; another value beside T for specific conservation planning criteria

6.2.1. Basic Principles

Soils vary in their susceptibility to erosion.  The soil erodibility factor K is a measure of erodibility for a standard condition.  This standard condition is the unit plot, which is an erosion plot 72.6 ft (22.1 m) long on a 9 percent slope, maintained in continuous fallow, tilled up and down hill periodically to control weeds and break crusts that form on the soil surface.  The plots are plowed, disked, and cultivated, much like for a clean tilled row crop of corn or soybeans except that no crop is grown.  After a unit plot is established, the first two to three years of soil loss data are not used to determine a K value to allow time for residual effects from previous cover-management to disappear, especially following high production sod, forest conditions with lots of roots and litter, or any condition with much soil biomass.  About 10 years of soil loss data are required to obtain an accurate estimate of K, which is determined by fitting a straight line to soil loss values for individual storms to erosivity of the storms as illustrated in Figure 6.15. 

Values of K are determined by fitting the equation:

Au = EI30 K           


 [6.7]
where: Au = the soil loss from the unit plot measured for an individual storm and EI30 = the erosivity of the storm that produced the soil loss.  The fitting is done so that the equation passes through the origin.

The unit plot provides a way to empirically determine K values for particular soils using a standard procedure, much like engineering materials are tested.  Not all soils occur on a hillslope with a 9% steepness, which requires that equations 6.11-6.13 be used to adjust measured soil loss values to the unit plot condition.  Also, data from non-unit plots conditions have been used to estimate K values.  Soil loss values measured from these conditions are adjusted to unit plot conditions using the equations in section ?? for the cover-management effect.

tc  \l 3 "What K Represents"
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The soil erodibility factor K represents the combined effect of susceptibility of soil to detachment, transportability of the sediment, and the amount and rate of runoff given a particular rainfall erosivity, as measured under the standard unit plot condition.  Fine textured soils high in clay have low K values, about 0.05 to 0.15 tons/acre per US erosivity unit, because they are resistant to detachment.
  Coarse textured soils, such as sandy soils, have low K values, about 0.05 to 0.2 tons/acre per US erosivity unit, because of low runoff even though these soils are easily detached.  Medium textured soils, such as the silt loam soils, have moderate K values, about 0.25 to 0.45 tons/acre per US erosivity unit, because they are moderately susceptible to detachment and they produce moderate runoff.  Soils having a high silt content are especially susceptible to erosion and have high K values.  They are easily detached and they tend to crust, produce large amounts and rates of runoff, and produce fine sediment that is easily transported.  Values of K for these soils typically exceed 0.45 tons/acre per US erosivity unit and can be as large as 0.65 tons/acre per US erosivity unit.

The RUSLE2 soil erodibility factor is entirely an empirical measure of erodibility and is not based on erosion processes.  It is not a soil property like texture.  The soil erodibility factor K is defined by the variables used to express erosivity, which is the product of storm energy and maximum 30-minute intensity.  RUSLE2 K values are unique to this definition, and values based on other measures of erosivity, such as runoff, must not be assumed for K.  Values for K are not proportional to erodibility factor values for other erosivity measures and may not increase or decrease in the same sequence relative to each other.  For example, the RUSLE2 K value for a sandy soil is low whereas the value for an erodibility factor based on runoff is high.

Soil organic matter reduces the K factor because it produces compounds that bind soil particles and reduce their susceptibility to detachment by raindrop impact and surface runoff.  Also, organic matter increases soil aggregation to increase infiltration and reduce runoff and erosion.  Permeability of the soil profile affects K because it affects runoff.  

Soil structure affects K because it affects detachment and infiltration.  Soil structure refers to the arrangement of soil particles, including primary particles and aggregates, in the soil.  Soil mineralogy has a significant effect on K for some soils, including subsoils, soils located in the upper Midwest of the US, and volcanic soils in the Tropics. 

tc  \l 3 "Special Soils"
Values for K have been determined for several “benchmark” soils from experimental erosion data.  Values for K can be estimated for other soils by comparing their properties with those of the benchmark soils and assigning K values based on similarities and differences in properties that affect K values.  Values for K are available from the USDA-NRCS its soil survey database.
  Also, RUSLE2 includes a soil erodibility nomograph, discussed in section 6.1.2.2., that can be used to estimating K.  See AH703 for additional information on the soil erodibility factor K.

6.2.2 Selection of K Values

6.2.2.1 From NRCS soil survey

tc  \l 3 "Selection of K Values"
Values for K should be selected from those given in the USDA-Natural Resources Conservation Service (NRCS) soil survey.  Values for K for both topsoil and subsoil layers are available for almost all cropland soils in the US and for a limited number of soils for other land uses such as rangelands and forestlands.  Values for K will not be available for soils on construction sites, landfills, and reclaimed surface mines because of the mixing of soil materials and soil-like materials associated with surface mining.  The RUSLE2 soil erodibility nomograph can be used to estimate K values for these soils.  RUSLE2 also includes a soil erodibility nomograph to estimate K values for volcanic-derived Tropic soils.
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6.2.2.2. Estimating K values with the RUSLE2 soil erodibility nomograph

The RUSLE2 soil erodibility nomograph can be used to estimate K values for most soils, including those on construction sites, landfills, reclaimed surface mine sites, and military training sites.
   Table 6.4 lists the input values used with the nomograph.

Table 6.4. Variables used in soil erodibility nomograph

Variable
Comment

Clay (%)
Based on mass (weight), proportion of the total for the clay, silt, and sand, clay dia (2 (m

Silt+very fine sand (%)
Based on mass (weight), proportion of the total for the clay, silt, and sand, 2 < silt dia ( 50 (m, 50 < very fine sand dia ( 100 (m

Inherent organic matter (%)
Based on mass (weight), proportional of the total the clay, silt, sand, and organic matter; organic matter content for unit plot conditions. Do not use organic matter content to reflect management different from the unit plot conditions.

Structure
Arrangement of primary particles and aggregates in soil

Permeability
Potential of the soil for producing runoff, reflects the entire soil profile, not just permeability of soil surface layer, should not be determined from a permeater measurement

Is permeability with coarse fragment present
Permeability class selected should be selected based on rocks in soil profile, select Yes and RUSLE2 will estimate effect of rocks in soil under certain condition

Coarse fragment (%)
Mass (weight) of soil made up of rock fragments > 3 in (75 mm) diameter

The soil erodibility nomograph was derived from empirical erosion data collected from rainfall simulator 35 ft (10.7 m) erosion plots located primarily in Indiana.  The nomograph should be not be extrapolated beyond the range of input values shown on the nomograph.  For example, a value for organic matter greater than four percent is not recommended or allowed in RUSLE2.  The definitions and variable descriptions used in the nomograph must be carefully followed.

The RUSLE2 soil erodibility nomograph is based on soil properties that are location independent.  A K value estimated with the RUSLE2 soil erodibility nomograph should be adjusted upward for locations having more frequent and greater rainfall than at Columbia, MO and downward for locations where the rainfall is less and less frequent than at Columbia, MO.
   For example, K values estimated using the RUSLE2 soil erodibility nomograph should be adjusted upward for Mississippi and downward for Wisconsin.  RUSLE2 does not a procedure to make this adjustment.

Organic matter is one of the major variables used in the soil erodibility nomograph.  The value used in the nomograph is the organic matter content of the soil in the unit plot condition after previous land use effects have disappeared.  Organic matter added to a soil by management practices such as adding animal manure, plowing under “green” manure, and improved residue management reduce soil erosion.  This important effect is considered in RUSLE2 in the cover-management factor C, not in the soil erodibility K.
  Adjusting K to account for organic matter as influenced by land use is double accounting and is a misuse of RUSLE2   

Similarly, cover-management practices affect runoff, but the permeability class chosen to compute K from the soil erodibility nomograph is based on unit plot conditions.  The permeability code in the nomograph should be adjusted to a class less permeable for increased runoff for naturally occurring restricting layers such as a rock, fragipan, or clay layer near the soil surface.  Restricting layers, like a plow pan, created by land use are not considered in selecting a permeability class in the nomograph because those layers would not be present on a unit plot.  

The soil erodibility nomograph does not apply to soils of volcanic origin, organic soils such as peat, Oxisols, low activity clay soils, calcareous soils, and soils high in mica.  Also, the nomograph is less accurate for subsoils than for topsoils.  Professional judgment is used to assign K values for those soils.  Contact the NRCS State Soil Scientist in your state for assistance.  

6.2.2.3. Estimating K values with erodibility nomograph for Tropic soils of volcanic origin
RUSLE2 includes a nomograph that can be used to estimate K values for Tropic soils of volcanic origin.  The variables used in that nomograph are listed in Table 6.5.

Table 6.5. Variables in RUSLE2 nomograph for estimating K values for Tropic soils of volcanic origin

Variable
Comment

Unstable aggregates (%)
% size fraction of unstable aggregates  < 0.25 mm 

Base saturation (%)
% base saturation,  percentage of cations that are not Al+3 or H+, both of which are acidic cations,  percent base saturation defines the percentage of the Cation Exchange Capacity (CEC) that is occupied by the basic cations.

Silt (%)
Fraction of silt in the total of sand, silt, and clay according to USDA classification, 0.002 < silt dia ( 0.05 mm

Coarse sand (%)
Fraction of coarse sand in the total of sand, silt, and clay according to USDA classification, 0.5 < silt dia ( 1 mm

Silt+very fine sand (%)
Fraction of silt+very fine sand in the total of sand, silt, and clay according to USDA classification, 0.002 < silt dia ( 0.1 mm

Standard procedures used to determine sand, silt, and clay content do not always work well for Tropic soils of volcanic origin.  Some of these soils are not easily dispersed by standard techniques resulting in the apparent fractions of the silt and sand being too large.  Refer to El-Swaify et al. (1982) for additional information on procedures required to disperse these soils and soil erodibility factor values for these soils.

6.2.3 Temporal Variability in K

tc  \l 3 "Temporal Variability in K"
Soil erodibility K varies by season.  It tends to be high early in the spring during and immediately following thawing and other periods when the soil is wet.  The value entered for K is a base value.  RUSLE2 uses monthly precipitation and temperature to compute monthly K values that vary about the base K value.  The monthly values are “disaggregated” into daily values using the procedure described in section 6.1.7.  The variation of K computed by RUSLE2 for St. Paul, MN, Birmingham, AL, and Tombstone, AZ are shown in Figure 6.15. 

[image: image58.wmf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

20

40

60

80

100

Ground cover (%)

Ground cover effect

Interrill erosion

Rill erosion

[image: image59.wmf]0

10

20

30

40

50

60

70

80

90

100

0

2000

4000

6000

8000

10000

Dry mass (lbs/acre)

Ground cover (%)

cotton

corn

wheat and 

soybeans

The low values for St. Paul, MN during the winter months represents frozen soil that is nonerodible.  RUSLE2 does not fully represent the thawing period in early spring in St. Paul, MN, primarily because observed data are to few to determine a relationship for this period. The peak for Birmingham, AL in March results from rainfall rather than from temperature.  The main influence of temperature on temporally varying K values is in late summer when increased temperature increases soil evaporation and reduces runoff and erosion.  The peak erodibility during the summer for Tombstone, AZ is because most of the annual rainfall at the location occurs during this period.  

A constant erodibility value that does not vary during the year can be used in RUSLE2 by answering No to the question Vary erodibility with climate in the Climate database component. 

6.2.4. Soil Texture

Soil texture is the distribution of the primary particles of sand, silt, and clay in the soil based on the USDA classification.  RUSLE2 uses values for sand, silt, and clay fractions to compute the distribution of the sediment particle classes at the point of detachment and the diameter of the small and large aggregate particle classes.  See section 6.2.5. for a description of the sediment classes used in RUSLE2.

The fractions for soil texture are based on mass (weight) of the total of these three primary particle classes.  The size of these classes is given in Table 6.6.  Refer to the USDA-NRCS Soil Survey Manual for procedures that are to be used to determine this particle information.
  Some soils, including Tropic soils of volcanic origin, may be difficult to disperse to make these determinations.

Table 6.6. Diameter of primary particle classes 

Primary particle class 
Diameter (mm)

Clay
( 0.002

Silt
0.002 < dia ( 0.05

Sand
0.05 < dia ( 2

Very fine sand
0.05 < dia ( 0.1

Coarse sand
0.5 < dia ( 1

Primary particles are the smallest discrete mineral soil particles.  Primary particles are combined into aggregates, which are conglomerates of primary particles.  Aggregates are larger than the primary particles that compose them, and the density of aggregates are less than the density of primary particles because of open space within aggregates.  This open space can be partially filled with water, and the rate that pore space becomes filled (rate of soil wetting) greatly affects aggregate stability, soil erodibility, and sediment size.  Rapid wetting significantly reduces aggregate stability and soil erodibility.  This effect is one reason why erosion can vary greatly among seemingly similar storms.

Values for sand, silt, and clay content are for the upper soil layer susceptible to erosion, usually assumed to be 4 inches (100 mm) thick.  Values for soil texture are available in the NRCS Soil Survey for soils that have been mapped and can be used in RUSLE2.  Otherwise these values can be determined from mechanical analysis of soil samples according standard procedures.  RUSLE2 assigns the appropriate textural class using the values entered for sand, silt, and clay content.

If the sand, silt, and clay content is not known, select the soil textural class if it is known or can be determined by professional judgment such as from feel of the soil.  When a textural class is selected in RUSLE2, RUSLE2 assigns central values for sand, silt, and clay content for that textural class based on the textural triangle.  The values assigned by RUSLE2 are shown in Table 6.7.
Table 6.7. Sand, silt, and clay contents assigned for a textural class

Textural class
Sand (%)
Silt (%)
Clay (%)

Clay
20
20
60

Clay loam
33
33
34

Loam
41
41
18

Loamy sand
82
12
6

Sand
90
6
4

Sandy clay
51
5
44

Sandy clay loam
60
13
27

Sandy loam
65
25
10

Silt
8
87
5

Silt loam
20
65
15

Silty clay
6
47
47

Silty clay loam
10
56
34

6.2.5. Sediment Characteristics at the Point of Detachment

RUSLE2 computes deposition as a function of sediment characteristics, in particular as a function of fall velocity Vf in equation 5.2.  Fall velocity is a function of both particle diameter and density.   When soil is eroded, the sediment is a mixture of primary particles and aggregates.  RUSLE2 uses the five particle classes of primary clay, primary silt, small aggregate, large aggregate, and primary sand to describe sediment.  RUSLE2 computes the distribution of these five particle classes and the diameters of the small and large aggregate classes at the point of detachment as a function of soil texture.
  In general, the fractions and diameters of the aggregate classes increase as the clay fraction in the soil increases.  Clay is assumed to be a binding agent that increases aggregation.  Values used by RUSLE2 for each sediment particle class are listed in Table 6.8.  Fall velocity Vf  in still water is computed using Stokes law for the small particle classes and standard drag relationships for the large particle classes assuming that the sediment particles are spheres.

Table 6.8. Characteristics of default sediment classes assumed by RUSLE2

Sediment class
Density (specific gravity)
Diameter (mm)
Comment

Primary clay
2.60
0.002
Fraction = 0.2 ( clay in soil

Primary silt
2.65
0.010
Fraction strongly related to silt in soil

Small aggregate
1.80
0.03 to 0.1
Fraction and diameter increase with clay content in soil

Large aggregate
1.60
0.3 to 2
Fraction and diameter increase with clay content in soil

Primary sand
2.65
0.200
Fraction strongly related to sand content in soil

RUSLE2 computes how deposition changes the distribution of the sediment particle classes as illustrated in Table 6.9.  RUSLE2 also computes enrichment (an increase in the fraction) of sediment fines (primary clay and primary silt) when deposition occurs.  RUSLE2 also computes the sand, silt, and clay content in the sediment leaving the RUSLE2 hillslope profile.  For example, RUSLE2 computed that the fraction of primary clay sediment class leaving the grass filter strip after deposition is 25% in comparison to 5% at the point of detachment.  

Table 6.9. Sediment characteristics for a silt loam soil (20% sand, 65% silt, 20% clay) at detachment and after deposition by a dense grass strip

Sediment class
Diameter (mm)
% at detachment
% after deposition

Primary clay
0.002
5
25

Primary silt
0.010
24
39

Small aggregate
0.030
36
19

Large aggregate
0.400
28
14

Primary sand
0.200
7
3

RUSLE2 assumes that small aggregates are composed of clay and silt primary particles, and large aggregates are composed of clay, silt, and sand primary particles.  RUSLE2 computes the distribution of these particles in each aggregate class as a function of soil texture.    RUSLE2 also computes an enrichment ratio as specific surface area of the sediment at the lower end of the last RUSLE2 element divided by the specific surface area of the sediment at the point of detachment.  The specific surface areas assumed in RUSLE2 are 20 m2/g for clay, 4 m2/g for silt, and 0.05 m2/g for sand.  Specific surface area indicates the relative importance of each particle class as a binding agent and for transporting soil-absorbed chemicals.

The names assigned the five sediment classes are partly arbitrary.  Values for fraction, diameter, and density assigned to each class can be manually entered to over-write the values that RUSLE2 computes.  Manually entering these values creates a custom sediment description.  However, when these values are manually entered, RUSLE2 will not properly compute enrichment if these values are manually overwritten.

6.2.6. Rock Cover

tc  \l 3 "Rock Fragments"
Rock cover on the soil surface acts as ground cover and reduces erosion much like plant litter, crop residue, and applied mulch, except the rock does not decompose and add organic matter to the soil.  RUSLE2 combines rock cover with other ground cover into a single value, taking into account the overlap of plant and applied materials on the rock cover.  This single ground cover value is used in the equations used to compute the effect of cover-management on erosion. This overlap is the reason that values for rock cover and other ground cover cannot be added to obtain the total cover.

Also, the effects of rock and other ground cover cannot be separately computed and then multiplied to determine the total ground cover effect because of the nonlinerity in the equation used to compute the effect of ground cover on erosion.  These equations are discussed in section ??.  
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Rock cover, which also includes over non-decomposing surface material, is a site-specific entry based on field measurements. The same technique used to measure other ground cover like plant litter and crop residue can be used to measure rock cover.
  To be counted as ground cover, rock must be sufficiently large not be moved by raindrop impact or surface runoff.  The minimum rock size that is measured is site specific, but as a guideline, the minimum rock size is 10 mm (3/8 inch) diameter except on coarse texture rangeland soils where the minimum size is 5 mm (3/16/ inch).

The appropriate time to measure rock cover is during the 1/4 to 1/3 period of the year or crop rotation when the slope is most susceptible to erosion.  The best time to measure rock cover on cultivated land is after rainfall has exposed the rock so that the rock and its influence can be readily seen.

6.2.7. Hydrologic Soil Group

Hydrologic soil group is an index of the runoff potential of the soil under unit plot conditions.  These designations are A (lowest potential), B, C, and D (highest potential).  RUSLE2 uses the hydrologic soil designation in the NRCS curve number method to compute runoff.  Hydrologic soil group designations are available by map unit and component in the NRCS Soil Survey.  The USDA-NRCS Hydrology Manual provides information on assigning hydrologic soil group designations for those soils not included in the NRCS soil survey.
  The soils with the lowest runoff potential, such as deep sandy soils, are assigned an A hydrologic soil group.  The soils where almost all of the rainfall becomes runoff are assigned a hydrologic soil group of D.  Examples of D soils high include clay where internal soil properties control infiltration and silt soils that readily crust.  Soils with a naturally occurring layer like a fragipan or rock near the soil surface also are assigned an D hydrologic soil group. 

Hydrologic soil group also reflects site drainage conditions.  Thus, two hydrologic soil group designations are used, one for undrained conditions and one for drained conditions.  Runoff potential can be high on soils because of a perched water table or a low-lying position on the slope even though soil properties would indicate a low runoff potential. Artifically draining these soil with deep parallel ditches or buried tile lines can greatly increase internal drainage and reduce runoff and erosion.  

The hydrologic soil group assigned for the drained condition represents runoff potential under drained conditions based on soil properties and assuming a drainage system based on NRCS specifications.  For example, a drained sandy soil might be assigned an A hydrologic soil group whereas a drained clay soil might be assigned a C hydrologic soil group because of properties of the clay limit drainage.  RUSLE2 uses the hydrologic soil group for the drained and undrained conditions to compute the soil loss reduction cause by tile drainage.  The same equations used in the soil erodibility nomograph for the effect of permeability are used in this computations by scaling the four hydrologic soil groups over the six permeability classes used in the erodibility nomograph.

6.2.8. Time to Soil Consolidation

RUSLE2 assumes that soil erodibility is 2.2 times as erodible immediately after a mechanical disturbance than after the soil has become “fully consolidated.”  Erosion decreases with time and “levels out” as illustrated in figure 6.15.  The time required for the erosion rate to “level out” after a mechanical disturbance is the time to soil consolidation.  The erodibility of a soil fully consolidated is 45% of that immediately after disturbance.  An exponential decay curve is used to describe this decrease in erodibility.  The time to consolidation is at the time when 95% of the decrease in erodibility has occurred.
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This decrease in erodibility occurs because of wetting and drying of the soil. RUSLE2 assumes seven years for the time to soil consolidation, which should be used for all cropland soils, but another value can be used.  Answering Yes to the question, Calculate time to consolidation from precipitation, causes RUSLE2 to compute a time to soil consolidation that is a function of average precipitation, which should be used for pasture, range, disturbed forest, construction sites, and reclaimed lands.   RUSLE2 assumes seven years for the time to soil consolidation where average precipitation exceeds 20 inches (500 mm) and computes a time to soil consolidation that increases to as long as 25 years in the driest areas of the Western US.  The increased time to soil consolidation reflects how the effects of an infrequent mechanical soil disturbance persists longer in very low rainfall areas.

6.1.9. Soil Loss Tolerance (T)

The objective of conservation planning is to control average annual soil loss to a particular level, which is usually soil loss tolerance (T).   Soil loss tolerance values range from 2 tons/acre (4 t/ha) per year to 5 tons/acre (11 t/ha) per year based primarily on how erosion is judged to harm the soil.  Shallow soils and fragile soils that can ot be easily reclaimed after serious erosion are assigned low T values.  Limiting soil loss to T controls erosion so that the soil is protected as a natural resource and its productive capacity is maintained for an extended period.  Soil loss tolerance considers the damages caused by erosion and the benefits of soil conservation.  Also, soil loss tolerance values include a socio-economic consideration by being assigned at a level that sufficient erosion control can be reasonably and profitably reached with current soil conservation technology.
  The value entered for soil loss tolerance in RUSLE2 should be a value appropriate for the particular analysis.  For example, a multiple of T was used in certain USDA conservation programs.  Even if a specific absolute value is not to be used, a nonzero value must be entered so that RUSLE2 can compute the ratio of segment soil loss to T adjusted for slope position, as discussed below.

Although soil loss tolerance values were principally developed for cropland soils, T values are also used for conservation planning for reclaimed surface mines, landfills, and military training sites.  Controlling erosion greatly faciliates establishing vegetation, and  applied mulch cover controls erosion and promotes seed germination and early growth of vegetation.  Also, erosion control regulations for reclaimed land require that excessive rilling be prevented.  A rule of thumb is that rilling begins when soil loss exceeds about 7 tons/acre (15 t/ha) per year, which is met by T values less than 5 tons/acre (11 t/ha) per year.  A major concern on waste disposal sites is that buried waste not be exposed.  Controlling soil loss to less than 5 tons/acre (11 t/ha) per significantly reduces the likelihood that rill erosion will expose waste material.  However, a well designed surface runoff system is required to ensure that concentrated flow does not occur and cause incised gully erosion.

Soil tolerance values are primarily for protecting the soil as a natural resource and not for protecting offsite resources from excessive sedimentation or water quality degradation.  The criteria for controlling sediment yield from a site should be based on how both amount and sediment characteristics affect the resource.

The usual approach for using soil loss tolerance in conservation planning is to assume a uniform slope having a slope from the origin of overland flow to either where deposition occurs, as illustrated in Figure 5.2, or to a concentrated flow area that ends overland flow, as illustrated in Figure 5.3.  These portion of the hillslope are referred to as the erodinmg portions.  The steepness of the uniform slope is the average steepness of the slope length.  Soil loss is computed for this uniform profile and compared to the soil loss tolerance (T) value for the soil.  A satisfactory erosion control system is one that controls soil loss to equal to or less than the T value.

RUSLE2 can also compute erosion along nonuniform hillslope profiles by dividing their slope lengths into segments, where steepness, soil, and management can be entered for each segment..  RUSLE2 computes a soil loss for each segment, but these segment soil loss values can not be directly compared to T values without first adjusting the T value for position on the slope.
  The conservation planning objective is that each segment soil loss for a profile be equal to or less than the T adjusted for slope position.  The ratio of segment soil loss to T adjusted for slope position should be equal to or less than 1.  

Table 6.10 illustrates this ratio for the uniform and convex hillslope profiles illustrated in Figure 5.3 where the average steepness for the convex profile is the same as the steepness of the uniform profile.  The average soil loss for the convex profile is about 25% greater than the average soil loss for the uniform profile, which illustrates that assuming a uniform profile underestimates soil loss for a convex profile.  The difference in the soil loss values between the profiles increase as the degree of curvature of the convex profile increases.  In this example, the steepness at the end of the convex slope is about 2.5 times the average steepness of the profile.  

Dividing the uniform profile into five segments illustrates how soil loss varies along a uniform profile.  In this example, the soil loss on the last segment is 6.84 tons/acre, which is 1.37 times the average soil loss for the profile.  Even though soil loss on the last segment is significantly greater than the average soil loss, the conservation practice for the uniform profile is assumed to be acceptable because average soil loss for the profile equals or is less than the T value.  Thus, the conservation planning objective is not to reduce soil loss everywhere along the profile to T, but to reduce the average soil loss for the profile to T.  Soil loss on the last segment of the convex profile is 2.1 times the average soil loss for the profile.  Extra protection is needed on the convex profile to provide the same level of protection as provided on the uniform profile.  When average soil loss for the convex profile is reduced to soil loss tolerance, the soil loss on the last segment is 2.1 times the soil loss tolerance while it is 1.37 times on the uniform profile.  
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The ratio of segment soil loss to T adjusted for slope position provides a way to compare soil loss among segments on various profiles shapes so that the same level of erosion control is achieved on each profile.  This ratio is constant everywhere along a uniform profile, which shows that adjusting the T value for slope position treats each segment consistently.  The same level of erosion protection is achieved on the convex profile as on the uniform profile when the ratio of segment soil loss to T adjusted for slope position is one or less everywhere along the profile.  In the example in Table 6.10, the convex profile requires a more intense conservation practice on the last two segments than is required on the remainder of the profile because the convex profile shape accelerates erosion near its end.  In this example, the average soil loss for the convex slope length must be reduced to 3.3 tons/acre to provide the same degree of protection on the last segment of the convex profile as provided on the last segment of the uniform profile.

6.3. Topography

Information on topography is stored in the profile and worksheet components of the RUSLE2 database.  Topographic information is field site specific in contrast to the other information in the RUSLE2 database.  Topography is represented in RUSLE2 using the three layers for management, soil, and hillslope profile geometry (referred to as topography) illustrated in Figure 6.16.  Segments are created for each layer by specifying the locations of the breaks between the segments.  Inputs are selected for each management and soil segment, and values for steepness are entered for each segment used to describe the profile topogpraphy.  Thus, RUSLE2 can consider different cover-management, soil, and steepness variables along the slope, all independent of each other as indicated in Figure 6.16.  

6.3.1. Basic Principles
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RUSLE2 uses equation 5.4 to compute erosion variables along all hillslope profiles.  For generality, assume that all RUSLE2 hillslope profiles are composed of multiple segments, like Figure 6.16.  Each layer (management, soil, steepness) has its own segments.  RUSLE2 assembles the segments from each of the three layers into a composite set of segments, which can be seen by using the RUSLE2 “detail, alphabetical” template.  A composite segment end is located at a change in any one of the three layers.

6.3.1.1. Detachment 

The computations that solve equation 5.4 start at the upper end of the hillslope profile and step down slope segment by segment, which “routes” the sediment downslope.  The sediment load gin entering a particular segment is known, either from the sediment load gout out of the previous segment or from being the first segment on the profile where incoming sediment load is zero.  

The amount of sediment detached (sediment produced) within a segment is computed with the equation:
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[6.8]

where: D = detachment (mass/area), r = erosivity factor, k = soil erodibility factor, S = slope steepness factor, c = cover-management factor, Pc = contouring factor, xi = distance to lower end of the segment, xi-1 = distance to the upper end of the segment, (u = length of the unit plot (either 72.6 ft or 22.1 m), and m = slope length exponent.  All variables are assumed to apply for the ith day and for a particular segment without explicitly showing subscripts except for segment number.  The slope length exponent m is computed from:
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[6.9]

where: β = ratio of rill to interrill erosion, which in turn is given by:
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 [6.10]

where: the term kr/ki = the ratio of rill erodibility to interrill erodibility; cr’/ci’ = the ratio for below ground effects for rill and interrill erosion, respectively; exp(-0.05Gc)/exp(-0.025 Gc ) = ratio of the ground cover effect on rill and interrill erosion, respectively; (sinθ/0.0896)/[3(sinθ)0.8+0.56] = the ratio of slope effects for rill and interrill erosion, respectively; θ = slope angle; and Gc = percent ground cover.
  The ratio kr/ki is computed as a function of soil texture where the ratio is assumed to decrease as clay increases because clay makes the soil resistant to rill erosion.  The ratio increases as silt increases because silt decreases the resistance of soil to rill erosion.  The ratio cr’/ci’ is computed as a function of soil biomass and degree and soil consolidation to represent how rill erosion decreases as both soil consolidation and biomass increase.  The term exp(-0.05Gc)/exp(-0.025Gc ) represents how ground cover has a greater effect on rill erosion than on interrill erosion.  The term (sin(/0.0896)/[3(sin()0.8+0.56] represents how slope steepness has a greater effect on rill erosion than on interrill erosion.

Equations 6.9 and 6.10 are not used when the Req relationships are used.  A constant value of 0.5 is used for m for the Req zone.  

The slope steepness factor is computed from:

S = 10.8 sin( + 0.03

s<9%

[6.11]

S = 16.8 sin( - 0.50

s ( 9%

[6.12]

for all areas except the Req zone, where equation 6.13 is used.

S = (sin(/0.0896)0.6

s ( 9%

[6.13]

The slope steepness factor S has a value of 1 for a 9% slope.  Values for the S factor are less than 1 for slope steepness less than 9% and greater than 1 for slope steepness greater than 9%.  The slope steepness effect in RUSLE2 adjusts the soil loss values from the unit plot up or down depending on whether or not the field hillslope profile is steeper or flatter than the 9% steepness of the unit plot.  Similarly, the slope length effect in RUSLE2 adjusts soil loss from the unit plot up or down depending on whether the slope length in the field is longer or shorter than the unit-plot length of 72.1 ft (22.1 m).  Although equations 6.10-6.13 are only a function of slope steepness, cover-management affects how slope steepness affects soil loss.  However, the empirical data nor theory are sufficient for incorporating those effects into RUSLE2 as a tool to guide conservation planning.

The slope length effect in RUSLE2 is used to compute detachment by position on the slope rather than being a slope length factor as in RUSLE1 and the USLE.  Soil loss values in RUSLE2 are determined by integrating equation 5.4 along the slope, where the slope length term in equation 6.8 computes detachment for a segment where detachment is a function of the position of the segment along the hillslope profile.  Also, the slope length term in RUSLE2 is a function of the amount of rill erosion relative to interrill erosion, which is expressed in the slope length exponent m.  Interrill erosion is assumed to be caused by raindrop impact and is assumed to be independent of position along the hillslope profile.  Rill erosion is assumed be caused by surface runoff and is assumed to vary linearly along the profile because of the accumulation of runoff along the profile.  The variation in the slope length exponent m in equation 6.8 between 0 and 1 reflects the relative contribution of rill and interrill erosion.  The exponent m is near zero when almost all of the erosion is by interrill erosion, such as on a flat slope, and m is near one when almost all of the erosion is from rill erosion, such as on a bare, steep slope.  Cover-management also affects the slope length exponent m, because soil consolidation and soil biomass is assumed to reduce rill erosion more than interrill erosion and ground cover is assumed to reduce rill erosion more than interrill erosion.  Therefore, just as RUSLE2 differs different from RUSLE1 and the USLE in the temporal integration of factors, RUSLE2 also differs from them in the spatial integration and interrelationships of the factors.  For example, the slope length factor in the USLE is independent of cover-management effects, but a change in cover-management conditions in RUSLE2 affects both cover-management and slope length factor values.  

6.3.1.2. Sediment transport capacity

Sediment transport capacity (Tcup and Tclow) is computed at both the upper (xi-1) and lower (xi) ends of each segment using equation 5.2 and the discharge rates and slope steepness at the segment ends.  The slope steepness at a segment end is the average of the segment steepness with the steepness of the adjacent segment.  Equation 5.2 is based on the principle that transport capacity is related to shear stress applied to the soil by runoff where the variable KT is a function of Manning’s n, which is a measure of hydraulic roughness.  Total shear stress of the runoff is divided between that acting on the soil and that acting on the roughness elements of standing live and dead vegetation; ground cover including live ground cover, plant litter, crop residue, and applied mulch; and surface roughness.  The shear stress acting on the soil decreases as hydraulic roughness from cover and roughness increase.  RUSLE2 computes values for Manning’s n as a function of the variables standing live and dead vegetation, ground cover, and surface roughness.  

Total shear stress of the flow is computed from the product of discharge (flow, runoff) rate and slope steepness, which is a measure of runoff erosivity.  Runoff rate is computed from:

q = qi-1 + ((x – xi-1)


[6.14]

where: q = runoff rate (volume/width time), qi-1 = discharge rate at xi-1, and ( = excess rainfall rate (rainfall rate - infiltration rate).  Excess rainfall rate is computed using the NRCS runoff curve number method that computes runoff depth.  RUSLE2 assumes that runoff rate is directly proportional to runoff depth computed by the curve number method.
  RUSLE2 computes curve number values as a function of surface roughness, ground cover, soil biomass, and degree of soil consolidation to represent the effect of cover-management on runoff.  In general, RUSLE2 computes a decrease in runoff as these variables increase, except for soil consolidation that is interrelated with soil biomass.  If soil biomass is very low, soil consolidation increase runoff, characteristic of a bare construction site, and decreases runoff when soil biomass is high, characteristic of high production pasture.  The curve number method is configured within RUSLE2 to compute negative values for ( so that runoff can decrease within a segment to represent runoff entering an area where infiltration exceeds rainfall.  The runoff variable used in equation 5.2 for q is a ratio of runoff at the location divided by runoff at Columbia, MO for a moderate yielding clean-tilled continuous corn.  Columbia, MO is used a reference point because it is centrally located in the US and represents “typical” weather values in the eastern US, and the clean-tilled corn represents a reference cover-management system.

6.3.1.3. Sediment routing

Several cases must be considered in routing the sediment downslope (i.e., solving equation 5.4 sequentially by segment starting at the upper end of the hillslope profile).  In each case, a potential sediment load at the lower end of the segment is computed as:

gpot = gin+ D(xi – xi-1)


[6.15]

where: gpot = potential sediment load at the lower end of the segment (mass/width)  and D = detachment on the segment (mass/area).

6.3.1.3.1. Case 1: Detachment over the entire segment

Detachment occurs over the entire segment when the transport capacity Tcup at the upper end of the segment is greater than the incoming sediment load gin and the transport capacity Tclow at the lower end of the segment is greater than the potential sediment load gpot at the lower end of the segment.  Sediment load at the lower end of the segment is given by:

Gout = gin + D(xi – xi-1)


[6.16]

where: D = detachment computed from equation 6.8.  Examples of this case occur on uniform and convex shaped hillslope profiles and the upper end on a concave profile.  Profile shapes are discussed in section 6.3.2.

6.3.1.3.2. Case 2: Deposition over the entire segment
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RUSLE2 computes deposition over the entire segment when the incoming sediment load gin exceeds transport capacity Tcup at the upper end of the segment and the segment is short as illustrated in Figure 6.16 or detachment D within the segment exceeds the increase in transport capacity with distance within the segment (D > dTc/dx).  The amount of sediment Da that is deposited within the segment is computed with an equation derived from equation 5.2.  Sediment load at the lower end of the segment is computed from:

gout= gin + Da(xi – xi-1)


[6.17]

RUSLE2 divides segments where deposition occurs into sub-segments where the sediment characteristics are updated along the segment as deposition occurs.  Deposition enriches the sediment load in fines, resulting in reduces deposition downslope. An example of this case is deposition in a narrow grass strip.

6.3.1.3.3. Case 3: Deposition ends within the segment

If the segment is sufficiently long (the grass strip is sufficiently wide) and the increase in transport capacity with distance is less than the detachment (dTc/dx < D), deposition ends within the segment as illustrated in Figure 6.17.  Sediment load exceeds transport capacity at the upper end of the sediment and transport capacity increases within the segment.  RUSLE2 computes the location xe where deposition ends and sediment load equals transport capacity.  Sediment load at the end of the segment is computed from:

gout = gxe + D>xe(xi – xe)


[6.18]

where: gxe = sediment load at the point where deposition ends and D>xe = detachment on the lower end of the segment beyond the point where deposition begins, which is the sub-segment from xe to xi.  Detachment D>xe is computed using equation 6.8 where xe is substituted for xi-1.

6.3.1.3.4. Case 4: Deposition begins within the segment

Deposition begins within a segment when the transport capacity at the upper end of a segment is greater than sediment load (Tcup > gin) and transport capacity at the end of the segment is less than the sediment load at the upper end plus the sediment production that potentially might occur within the segment (Tclow<gpot).  The location where deposition begins is designated as xb and the sediment load at that point is designated as gb.   RUSLE2 computes the deposition Dp>xb on the lower portion of the segment beyond the location xb where deposition begins using the equations that compute deposition.   The sediment load at the end of the segment is computed as:

gi = Tcxb + Dp>xb(xi – xb)


[6.19]

where: Tcxb = transport capacity (and sediment load) at the location xb where deposition begins.  This case occurs on the lower end of concave hillslope profiles where transport capacity decreases with distance along the profile and becomes less than sediment load.  This case can also occur when rainfall and runoff rates are very low and the runoff enters a strip with a very high infiltration so that runoff rate and transport capacity decrease within the strip.  If transport capacity decreases to below sediment load, deposition occurs within the segment.

6.3.1.4. Computing soil loss by segment and sediment yield from profile

RUSLE2 computes sediment load at the lower end of each segment.  The sediment load at the end of the last segment is the sediment yield for the hillslope profile.  Sediment yield is typically expressed in units of mass/area (tons/acre or t/ha), averaged over the length of the hillslope profile, assuming a unit width.  Sediment yield is computed as sediment load at the end of the profile divided by the slope length.  Soil loss for each segment is computed as:

ai = (gout – gin)/(xi – xi-1)


[6.20]
where: ai = soil loss for the ith segment (mass/area).  A positive value means that the segment experiences a net loss of sediment (detachment) and a negative value means that the segment experiences a net gain of sediment (deposition).  Even though either net detachment or net deposition occurs for a segment, a part of the segment can experience net detachment while another part experiences net deposition, such as illustrated in Figures 6.17 and 6.18.

6.3.2. Representing Hillslope Profiles

6.3.2.1. General considerations

A hillslope profile is selected and described in RUSLE2 to make a soil loss computation. Once the point on the landscape through which the hillslope profile is to pass, the path of overland flow is traced from the origin of overland flow through the point to a concentrated flow area as illustrated in Figures 5.1 and 6.19.  This flow path is traced perpendicular to the contour lines assuming that the surface is flat without regard to how microtopography such as ridges left by tillage affect flow direction.

Overland flow path lengths are best determined by visiting the site, pacing flow paths, and making measurements directly on the ground.  Contour maps having intervals greater than 2-ft (1-m) should be used cautiously, if at all, to determine profile lengths.  Contour maps based on 10-ft (3-m) intervals should not be used to determine profile lengths because these concentrated flow areas that end overland flow cannot be adequately delineated.  Also, these maps do not provide the detail needed to identify depositional areas.  Profile lengths are generally overestimated when contour maps are used to determine profile length.

Slope length and steepness values have, in some cases, been assigned to soil mapping units.  Thee values may be acceptable for large scale regional conservation planning, they should not be used for local conservation planning.  Slope steepness varies over too wide of a range to be sufficiently accurate for conservation planning on a specific field site.

Profile lengths on many landscapes generally are less that 250 ft (75 m), and usually do not exceed 400 ft (125 m).  Profile lengths longer than 1000 ft (300 m) should not be used in RUSLE2 because the reliability of RUSLE2 at these long slope lengths is questionable, and overland flow often becomes concentrated on most landscapes before such lengths are reached.  The longest plot used in the derivation of RUSLE2 was about 650 ft (200 m).  Allowing a 1000 ft (300 m) profile length is a generous extrapolation.  

No minimum profile length exists for use in RUSLE2.  A slope length as short as 0.001 ft (0.01 in, 0.2 mm), which is essentially zero, can be used in RUSLE2 to represent beds and ridges as discussed in section 6.3.2.8. 

Correspondingly, the maximum slope steepness that can be entered in RUSLE2 is 100%, which is a generous extrapolation from 30%, the maximum steepness of the plots used to derive RUSLE2.

tc  \l 3 "Horizontal vs.  Along the Slope Measurement of Slope Length"
RUSLE2 internally uses distance variables, including segment lengths, distance to lower end of segment, and overland flow path length in its computations as a horizontal measure.  Measuring distance along a hillslope profile is easier in the field than measuring horizontally.  However, distance measured from maps is a horizontal measure.  The difference in the two measurements is small for slope steepness less than 20 percent.    
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6.3.2.2. Profile shapes

Hillslope profiles have various shapes as illustrated in Figure 6.20.  Simple shapes are uniform, concave, and convex.  A uniform shaped profile is one where steepness is the same everywhere along the profile.  A convex profile is one where steepness increases everywhere along the profile from the upper to lower end.  RUSLE2 computes detachment occurs everywhere along uniform and convex profile such that the entire profile is an eroding hillslope.  A concave profile is one where steepness decreases everywhere from the upper to lower end of the profile.  If the lower part of a concave profile flattens sufficiently, transport capacity decreases to less than sediment load and deposition occurs.  These profiles have an upper eroding portion and a lower depositional portion.  However, if the profile does not flatten sufficiently, deposition will not occur and the entire profile is an eroding hillslope.  That is, deposition does not occur on all concave shaped profiles.
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Complex shaped hillslope profiles are composed of sections of the simple shapes.  A complex convex-concave profile is one where the upper end is convex and the lower end is concave.  Deposition occurs on the concave portion of the profile if steepness flattens sufficiently for transport capacity to become less than sediment load.  If deposition occurs, the upper part of the profile is an eroding portion and the depositional area is the depositional portion.  Another complex shaped profile is complex concave-convex.  Deposition can occur on the concave portion if it flattens sufficiently.  Runoff can flow across the depositional area onto the lower convex portion.  If deposition occurs, this profile has an upper and lower eroding portions separated by the depositional portion.

6.3.2.3. Uniform profile
In general, the best approach is to carry the overland flow path to a concentrated flow area and represent the entire hillslope profile, even if deposition occurs on the profile.  RUSLE2 computes soil loss on the eroding portion of the slope and deposition on the depositional portion of the slope.  However, the main application of RUSLE2 is conservation planning where soil loss on the eroding portion of the slope is control to a rate less than the conservation planning criteria, which is usually soil loss tolerance (T), in the particular application.  Also, RUSLE2 is used as a guide, not the decision making tool used to develop the conservation plan.  In this application, a easy-to-make soil loss estimate is desired rather than the detailed analysis of the hillslope.  In this application, the eroding portion is represented with a uniform profile as illustrated in Figure 5.2 where slope length ends at the location where deposition begins and the steepness of the uniform profile is the average steepness of the eroding portion of the hillslope profile.  In the case of convex profiles, illustrated in Figure 5.3, that have only an eroding portion and not a depositional portion, the slope length is taken to a concentrated flow area and the steepness of the uniform profile is the average steepness of the convex profile.

When RUSLE2 is applied to a complex profile like the one in Figure 5.2, a determination of where deposition begins must be made.  The upper edge of deposition is visible and readily apparent on cropland soils susceptible to erosion like, a clean-tilled field where an erosive storm has occurred during the seedbed period.  However, signs of deposition may not be visible where erosion and deposition is low because of heavy cover.  Whether or not deposition occurs and where it occurs depends on the curvature of the profile.  Deposition may not occur if the curvature is slight and deposition may not occur even if the profile is strongly concave because of low erosion rates relative to the amount of runoff.  For example, if the steepness of a profile decreases from 4 percent to 2 percent, most likely the 2 percent area would not be a slope length-ending depositional area.  However, if the steepness upslope from the 2 percent area is 6 percent or more, the 2 percent area is most likely a slope-ending depositional area.  If the upslope area is as steep as 10 percent, the slope length-ending depositional area may be as steep as 3 percent.  The slope length-ending depositional area on a concave profile is usually located further down the slope than where the profile begins to flatten on a complex convex-concave profile.  That is, unless the slope flattens significantly, deposition does not occur.  
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Figure 6.21 illustrates a rule of thumb to guide selecting a location where deposition begins.  Deposition is assumed to begin where the steepness of the profile is one half of the average steepness of the concave portion of the profile.  For example, assume a concave profile that decreases from 18 percent steepness at the upper end to 2 percent steepness at the lower end.  The average steepness is 10 percent and one half of the average steepness is 5 percent.  Deposition begins at the location where the slope has flattened to a steepness of 5 percent, which would be about 20 percent of the way up the profile.

For a second example, assume a concave profile that decreases from 4 percent at the upper end to 2 percent at the lower end.  The average steepness is 3 percent and one half of the average steepness is 1.5 percent.  Since the steepness at the lower end is greater than the steepness where deposition would occur, no deposition is assumed to occur on this slope.

Another approach that can be used to estimate where deposition is to enter the entire hillslope profile in RUSLE2 and let RUSLE2 compute the location where deposition begins.  Deposition is indicated by negative soil loss values for the segments where deposition occurs.  The location of the upper most segment having deposition is the location where deposition ends.

When a uniform shaped profile is used, a single segment is used to describe slope steepness (topography layer).  The soil and management layers can be divided into as many segments as desired to described variability along the profile.  However, when a uniform shaped profile is assumed to simplify analysis, simplifying assumptions are also made for the soil and management layers.  A single soil and a single management is assumed for the profile.  Uniform width and spaced strips of a particular management can be placed on the profile to represent filter and buffer strip systems and rotational strip cropping as support practices.  The “field office simple slope” template is selected to use the simple, uniform slope option in RUSLE2.

Although a uniform slope is often used in conservation planning, it underestimates soil loss on convex shaped profiles and overestimates soil loss on concave shaped profiles.  The difference is related to the degree of curvature.  While representing nonuniform shaped profiles is preferred, proper interpretation of computed soil loss values is complex.  See section 6.1.9 for additional discussion.

6.3.2.4. Complex convex-concave profile
Figure 5.2 is a complex convex-concave hillslope profile.  This profile is represented in RUSLE2 by dividing the steepness (topo) layer in several segments as illustrated in Figure 6.16.  The potential for deposition always exists on concave shaped sections.  More segments are needed to describe concave sections where deposition occurs than sections, convex or concave, where net detachment occur.  The steepness of the last segment where deposition occurs should be chosen especially well because that segment can a great effect on sediment yield from the profile.  Nonuniform shaped hillslope profiles can be analyzed using the RUSLE2 “field office summary” template and use the “add break” icon, illustrated in Figure 6.16, to create breaks at the locations where segments end.  
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Table 6.11 illustrates the entries and computed values for a complex convex-concave profile like that illustrated in Figure 5.2.  Soil loss and sediment load are plotted in Figures 6.22 and 6.23.  Positive soil loss values for a segment in Figure 6.22 indicate net detachment while negative values indicate net deposition.  Increase (positive slope) in sediment load with distance in Figure 6.23 indicates net detachment and decrease (negative slope) in sediment load with distance indicates net deposition. 
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Sediment yield from the profile is 3.8 tons/acre (8.4 t/ha), which is the sediment delivered from the site only if the RUSLE2 hillslope profile ends at the boundary of the site.  RUSLE2 overland flow profiles typically end in concentrated flow areas illustrated in Figures 5.1 and 6.19 that are within the boundary of the site being analyzed.  Both erosion (ephemeral gully) and deposition can occur in the concentrated flow areas so that the sediment delivered from the overflow portion of the landscape, which is the sediment yield computed by RUSLE2, is a poor indicator of the sediment yield from the site.

The eroding portion of the profile extends from the origin of the profile to between 149 and 181 ft (45 and 55 m) as can be determined from Table 6.11.  RUSLE2 computes the soil loss on this portion of the slope as 18 tons/acre (40 t/ha).  By entering the complex profile, RUSLE2 automatically computed where deposition began and computed the soil loss on the eroding portion of the slope.  (See section ?? for information on soil loss and sediment yield type variables computed by RUSLE2 that are useful in conservation planning.)

6.3.2.3. Complex concave-convex profile

The cut-road-fill hillslope illustrated in Figure 5.4 approximates a complex concave-convex profile.  Runoff from the cut slope is assumed to flow across the road onto to the fill slope even though deposition occurs on the road.  This deposition does not end slope length so far as computing soil loss from the fill slope.  This hillslope profile is represented in RUSLE2 as illustrated in Table 6.12.  Deposition is computed, as expected, on the relatively flat outward sloping road (segment 2) and a much higher soil loss is computed on the fill slope (segment 3) than on the cut slope (segment 1) because of the greater runoff on the fill slope than on the cut slope. 
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Soil loss on the cut slope can be significantly reduced by intercepting and diverting runoff from flowing over that slope segment.  A diversion could be placed at the top of the fill slope, a procedure illustrated in the following landfill example, but deposition would still occur on the road, which is undesirable.  A better solution is to construct the road so that it slopes inward on adverse slope, as illustrated in Figure 6.24.  This profile configuration can be obtained in RUSLE2, as illustrated in Table 6.12, by entering a negative steepness value for that segment.  Sloping the road inward creates three slope lengths, one each for the fill slope, road, and cut hillslope segments.  RUSLE2 analyzes both profiles in Figure 6.24 without having to break the analysis into parts.  Segments that described each hillslope profile are entered into RUSLE2 and RUSLE2 correctly handles the overland flow path lengths. 

Entering an adverse slope for the road causes RUSLE2 to create a channel at the intersection of the cut slope and the road that intercepts runoff from the cut slope and collects runoff from the road.  The runoff on the fill slope originates at the top of the fill slope.   The sediment yield for the two profiles in Figure 6.24 is the total sediment delivered from each profile.

6.3.2.6. Overland flow path lengths with grass strips and terraces
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The approach used to analyze a hillslope profile where grass strips or terraces are added as a support practice is to first describe the hillslope profile without the strips or terraces.  Even though grass strips induce deposition, the overland flow path length does not end at the deposition because the runoff continues through the strip as overland flow.  A hillslope profile with multiple grass strips that induce deposition has only one overland flow path length as illustrated in figure 6.25b.  Deposition at a grass strip does not end the path length with a new one beginning below the strip.
In contrast, terrace and diversion channels intercept runoff in concentrated flow areas that end overland flow path length.  A new path length begins at the terrace ridge because that is where overland flow originates that flow across the next download terrace interval.  

Terraces and diversions can be described in one of two ways in RUSLE2.  One approach is used in most conservation planning.  RUSLE2 assumes that the terrace/diversion channel and ridge are infinitely thin as illustrated in Figure 6.25c.  This approach is used in RUSLE2 in those templates where terraces/diversions are added as a support practice.  The other approach is to describe the actual hillslope profile configuration, including the cover-management on each segment such as the grass on the steep backslope.  The overland flow path length is the path length without the terraces/diversions.  The segments are added to create the profile illustrated in Figure 6.25d.  RUSLE2 automatically creates a channel where segments with a positive and a negative (adverse) steepness intersect.  This channel ends the overland flow path.  RUSLE2 determines the appropriate slope lengths without the analysis having to be broken into parts.

RUSLE2 can compute the deposition that occurs in a terrace or diversion channel, but it cannot compute the erosion that might occur in these channels and similar concentrated flow areas.   

6.3.2.7. Diversion to intercept runoff above steep slopes

Erosion is high at the end of convex shaped hillslope profiles and where runoff from a long slope flows onto a steep slope like the sideslope of a landfill.  Placing a diversion at the top of the sideslope as illustrated in Figure 6.26 is an effective practice for reducing soil loss on the steep slope as shown in Table 6.13.  The entire hillslope description is entered into RUSLE2 and then a diversion is applied at the top of the steep sideslope.  RUSLE2 automatically ends the slope length for the relatively flat top slope and begins a new slope length at the top of the steep sideslope.  As expected, the diversion did not reduce soil loss on the top of the landfill but significantly reduces soil loss on the sideslope.

6.3.2.8. Ridge-furrow descriptionRUSLE2 can accommodate slope lengths as short as 0.001 ft (0.01 inch, 0.25 mm) (which is essentially a zero slope length), which allows application of RUSLE2 to ridge-furrow and bed systems like those used in vegetable production and illustrated in Figure 6.27.  RUSLE2 can also analyze the placement and removal of plastic on parts of the beds.  The overland flow path length for both the ridge-furrow and bed systems is one half of the spacing of the ridges and beds.  In this example, 20% is assumed for the steepness of the ridge sideslope, and 1% is assumed for the steepness of the top of the beds and 50% is assumed for the steepness of the bed sideslope.  An adverse steepness (negative values) is used for the segments on one side of 

the beds. The positive steepness of one sideslope intersecting with the negative (adverse) steepness on the adjacent ridge or bed causes RUSLE2 to create a channel that ends the overland flow path length.  The grade assumed for the default channel is so steep that no deposition occurs.  However, the actual grade can be entered so that RUSLE2 can compute deposition that occurs in the furrows between the ridges or beds.

Configuring the ridges and beds as the overland flow path and “hillslope profile” is used when the ridges and beds are so high that flow is unquestionably contained in the furrows between the ridges and beds until it reaches a well defined concentrated flow area.  RUSLE2 can also compute the deposition that occurs in the furrows, but not any erosion by flow in them.  
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This method method of configuring ridges and furrows should not be used to represent the ridges and furrows left by common tillage equipment like tandem disks, chisel plows, and field cultivators where row breakovers and travel distances of the flow in the furrows between breakovers are random and is varied between a few ft (m) and a few 10’s of feet (m) and where the location of the breakovers cannot be definitively determined after the ridges are formed but before an erosion event.  This situation is one where the usual contouring relationships apply in RUSLE2.  Thee overland flow path is determined assuming a flat soil surface so that runoff flows perpendicular to the contour lines.
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RUSLE2 does not give the same results for both approaches.  The approach of explicitly describing the configuration of the ridges and beds works when the ridges contain the flow until a major well-defined concentrated flow area is reached.  Although RUSLE2 can estimate deposition in furrows on  a relatively flat grade, RUSLE2 can not estimate erosion in the furrows, which RUSLE2 has represented as channels.  
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6.3.3. Influence of Upslope Areas

RUSLE2 is sometimes applied to a field site that is downslope from an area that contributes runoff to the site.  The recommended approach is to represent the entire overland flow path even though the upslope area is not a part of the analysis area.  The soil loss computed for the downslope area should not be compared to soil loss tolerance, but the procedure described in section 6.1.9. where a ratio of soil loss to T value adjusted for position on the slope is computed.  A conservation practice should be chosen that reduces this ratio to 1.

RUSLE2 takes into account cover-management conditions on an upslope area for computing transport capacity on downslope segments where cover-management is quite different from the upslope area.  However, RUSLE2 does not fully take into account how reduced runoff from the upslope area reduces detachment on the downslope segment.  In some applications, RUSLE2 is applied to a field downslope from an upslope area that is very different from the field.  The following approach can be used to take into account how reduced runoff from the upslope segment affects detachment on the downslope segment.  If runoff production on the upslope segment is less than that on the downslope segment, the overland flow path length to the upper edge of the downslope segment should be shortened.  An example is an undisturbed forest on the upslope area where the overland flow path length begins at the upper edge of the site because no surface runoff is assumed to occur from the undisturbed forest.  If the upslope area is pasture and only produces half the runoff that a download field produces, the overland flow path length at the upper edge of the field should be one half the distance of the slope length across the pasture area.

Conversely, if the upslope area produces more runoff than does the field, the overland flow path length at the upper edge of the field should be greater than the actual distance in proportion to the differences in runoff potential for the two areas.

6.4. Cover-Management

tc  \l 2 "Cover-Management (C) Factor"6.4.1. Basic Principles

Equation 6.7 estimates soil loss for the unit plot, which is a fallow (no vegetation) condition periodically tilled up and down slope to break the crust and to control weeds.  This special condition is used to define and determine soil erodibility factor values (see section 6.2.1.).  Equation 6.7 is RUSLE2’s starting point for computing soil loss.  A cover-management factor c is introduced to “adjust” the unit plot soil loss to represent the site-specific field conditions where RUSLE2 is being applied.  The cover-management factor c in equation 6.8 represents how soil (other than that represented by the unit plot condition), vegetation, and residue (material on and in the soil) affect soil loss.  The cover-management factor c is the main factor, among other factors, that RUSLE2 uses to represent how land use and management affect soil loss.  For example, land use and management also affect RUSLE2’s topographic factor as described in section 6.3.1. 

The cover management factor c is a soil loss ratio, which is soil loss from the given cover-management condition divided by the soil loss from a unit plot at the same location on the same soil and slope length and steepness as the site-specific field condition.  This soil loss ratio describes how cover-management affects both erosivity and erodibility.  For example, vegetation affects erosivity by reducing the erosive forces applied to the soil by raindrop impact and surface runoff.  Both live and dead roots and organic material in the soil increase infiltration, which reduces erosivity by reducing runoff.  These materials affect erodibility by decomposing in the soil to produce chemical bonding agents that increase the soil’s resistivity to detachment.  Soil mechanical disturbance that creates a very rough soil surface that pond water reduces the erosivity of both raindrop impact and surface runoff.  Large soil clods that form the roughness peaks reduce erodibility by being resistant to detachment in comparison to a mechanical disturbance that finely pulverizes the soil.  Thus, the effects of erosivity and erodibility are included in other RUSLE2 factors besides just the erosivity and erodibility factors in equation 6.7.
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RUSLE2 is powerful because it is land use independent.  It can be applied to any land use where mineral soil is exposed to raindrop impact and overland flow is generated by rainfall intensity exceeding infiltration rate, commonly referred to as Hortonian overland flow.  RUSLE2 can be applied to crop, pasture, hay, range, disturbed forest, mined, reclaimed, construction, landfill, waste disposal, military training, park, wild, and other lands.  RUSLE2 does not apply to undisturbed forestlands and lands where no mineral soil is exposed and surface runoff is produced by a mechanism other than rainfall excess.  Because RUSLE2 is land use independent, it not only applies to a broad range of conditions and it applies to transitions between land uses.  For example, a lightly disturbed military training site may behave much like a pasture or rangeland, a moderately disturbed site may behave like a cropped field, and a highly disturbed site may behave like a very rough construction site.  A “fresh” landfill and a recently reclaimed mine site not yet vegetated may behave like a freshly graded construction site but become like pasture or range land over time.  In contrast, models that are limited to specific land uses typically do not produce the same soil loss values where two land uses come together, which is not a problem with RUSLE2.

A subfactor method used in RUSLE2 to compute values for the cover-management factor c gives RUSLE2 its land use independence.  This method uses subfactors that are universally important in how any cover-management system affects interrill and rill erosion.  The RUSLE2 subfactors, listed in Table 6.15, are canopy, ground cover, soil roughness, ridge height, soil biomass, soil consolidation,
 and antecedent soil moisture.  Land use and management affect one or more of these subfactors.  RUSLE2 assigns a value to each subfactors for each day and uses equation 6.21 to compute a value for the cover-management factor c in equation 6.8.  
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where: Cc = canopy subfactor, Gc = ground cover subfactor, Sr = soil roughness subfactor, Rh = ridge height subfactor, Sb = soil biomass subfactor, Sc = soil consolidation subfactor, and Am = antecedent soil moisture subfactor.

Table 6.15. Subfactors used to represent cover-management effects in RUSLE2.

Subfactor
Symbol
Comment

Canopy cover
Cc
Influence of above ground vegetative material not in contact with soil surface, includes both live and dead vegetation

Ground cover
Gc
Material in contact with soil surface, includes both live and dead plant material and other material like mulch and manure applied to the soil surface

Soil (surface) roughness
Sr
Random roughness created by a mechanical soil disturbance, includes peaks and depressions that are randomly shaped and located without an orientation to runoff direction

Ridge height
Rh
Formed by a mechanical soil disturbance, creates furrows between ridges that redirects flow if not oriented up and down hill

Soil biomass
Sb
Includes plant and other organic material in the soil that has been incorporated by a mechanical soil disturbance, grown there as live roots that become dead roots, or moved into the soil by worms or other organisms

Soil consolidation
Sc
Refers to how a mechanical soil disturbance loosens the soil to increase soil loss and the degree to which soil loss has decreased following a mechanical soil disturbance

Antecedent soil moisture
Am
Used in the NWRR, refers to how previous vegetation has reduced soil moisture so that runoff and erosion is decreased later on (see section 6.1.8.)

6.4.2. Cover-Management Subfactors

This section describes each cover-management subfactor and how RUSLE2 computes a value for each subfactor.

6.4.2.1. Canopy

tc  \l 3 "Canopy"
Canopy is live and dead vegetative cover above the soil surface that intercepts raindrops but does not contact the surface runoff.  The portion of the above ground plant biomass touching the soil surface is treated as live ground cover.  

6.4.2.1.1. Canopy effects

Canopy intercepts raindrops.  Some of the intercepted rainfall reforms as waterdrops that fall from the canopy.  The erosivity of these drops is directly related to their impact energy.  The impact energy of a waterdrop is one half of the produce of mass, determined by drop diameter, and the square of impact velocity, determined by fall height.  In contrast to raindrops that vary over a wide size range, water drops falling from canopy are all nearly of an equal size (about 3 mm) that is significantly larger than the median raindrop size (about 1.5 mm).  Even though the mass of each waterdrop falling from canopy is greater than the mass of most raindrops, the impact velocity of waterdrops falling from canopy is generally much lower than the impact velocity of raindrops because of the low fall heights from plant canopy.  However, if the bottom of the canopy is greater than about 30 ft (10 m), the erosivity of waterdrops falling from canopy is greater than that of raindrops because of the increased mass of the drops falling from canopy.

Some of the rainwater intercepted by canopy flows along stems to the soil surface.  While this water has no erosivity to detach soil particles by waterdrop impact, it provides water for runoff, but the delay caused by the water flowing along the stems to the soil surface reduces peak runoff rate, which in turn reduces runoff erosivity.  Dense canopies retain a significant amount of water that never reaches the ground because it is evaporated after the storm.  While this water is not significant for large storms, it can significantly reduce runoff amounts for small storms.  Finally, transpiration, which is related to the leaf area of the canopy, reduces soil moisture, which in turn increases infiltration and reduces runoff.

The equation used to compute a value for the canopy subfactor is:
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where: fc = canopy cover (fraction) and hf = effective fall height (ft).

6.4.2.1.2. Canopy cover

The two canopy variables of fraction (percent) of the soil surface covered by canopy in plan view and effective fall height are used to describe the effect of canopy on soil loss.  The fraction of the soil surface covered by canopy is 1 minus the fraction of open space, which is the space through which a raindrop can fall to the soil surface without being intercepted by the plant canopy.  Open space can be seen by looking down on the canopy from above and identifying the open space between the outer perimeter of the individual plant canopies and the open space within the outer perimeter of individual plant canopies.

6.4.2.1.3. Effective fall height
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Waterdrops fall from various heights within the plant canopy, and some of the drops are intercepted by lower canopy.  The total impact energy of these waterdrops is the sum of the impact energy of each drop that falls from canopy to the soil surface.  Effective fall is the single fall height that gives the total energy if all drops fell from a single height.  Effective fall height varies with plant maturity and shape, density gradient with the canopy, and heights to the top and bottom of the canopy.  If the canopy shape is cylindrical and canopy density is uniform with height, the fall height is assumed to be one third of the way up from the bottom of the canopy as illustrated in Figure 6.24.  The lower than average height reflects the likelihood that waterdrops falling from higher in the canopy are intercepted by lower canopy.  
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Canopy shape and density gradient of the canopy material with height affect effective fall height because of how lower canopy can intercept waterdrops falling from higher in the canopy.  Effective fall height is low where the canopy material is concentrated low in the canopy because of shape and density gradient as illustrated in figures 6.25 and 6.26.  If most of the leaves and branches of the plant are concentrated in the upper portion of the canopy, the effective fall height is one half to two thirds of the distance from the bottom to the top of the canopy.  RUSLE2 includes a procedure that uses the graphical shapes of these figures to assist in the assigning of effective fall height for any particular vegetation throughout its growth.

Fall height can also be measured by using a transect where a rod is lowered through the canopy to the ground at regular intervals along the transect.  The height to the lowest part of the canopy touching the rod is measured.  Because the effect of fall height in equation 6.22 is nonlinear, the heights cannot be averaged to determine an effective fall height.  The proper approach is to compute a canopy subfactor value using equation 6.22 using each height and assuming that fc = 1.  These subfactor values are averaged and the effective fall height is computed from:
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where: hfe = effective fall height (ft) and Cca = average canopy subfactor.

6.4.2.1.4. Understory
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Some plant communities have distinct canopy components of over and understories.  Examples include grass under shrubs on a rangeland, grass under vines on a vineyard, a legume interseeded in a small grain, a rye cover crop interseeded in corn, and volunteer weeds that begin to grow as crops approach maturity.  Where multiple types of plants having different canopy characteristics grow together, consideration must be given to overlapping canopy in determining an effective fall height.  The understory is often dominant in determining fall height especially if the understory is dense. 

6.4.2.1.5. Interaction with ground cover

 The portion of the canopy that is above ground cover (see section 6.4.2.2) is assumed to have no effect.  Thus, the effective canopy cover is computed from:
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where: fce = effective canopy cover (fraction) and fg = portion of soil surface cover by ground cover (fraction).  Equation 6.24 causes the canopy cover effect to equal the ground cover effect when fall height becomes zero.

6.4.2.1.6. Effect of production level (yield)
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Values are entered in the vegetation component of the RUSLE2 database to describe how vegetation variables, including canopy vary through time for a particular yield (production level).  RUSLE2 adjusts values for canopy and other vegetation variables for the yield appropriate for the specific site where RUSLE2 is being applied.  Thus, a vegetation description is not required for each yield.
  RUSLE2 assumes that canopy cover varies with the square root of yield and fall height with yield to the 0.2 power.  However, RUSLE2 does not vary plant values as a function of population or row spacing.  The effects of row spacing are considered in RUSLE2 by having a vegetation description for each row spacing.  If canopy characteristics vary significantly between crop varieties, plant communities, or management practices, a vegetation description must be constructed to reflect each significant difference.  

Values for above ground biomass at maximum canopy are entered in RUSLE2 so that RUSLE2 can compute above ground biomass as a function of canopy cover values through time.

6.4.2.1.7. Senescence

Canopy cover increases during the growth period when plants are accumulating above ground biomass.  As plants approach maturity, some vegetation, like soybeans and perennial grasses, lose canopy cover by senescence, and other plants, like cotton, lose canopy cover by being defoliated with chemicals.  This loss of canopy cover transfers biomass from standing vegetation to plant residue (litter) on the soil surface.  Once canopy material falls to the soil surface, RUSLE2 begins to compute its decomposition. Some plants, like corn, lose canopy cover by leaves drooping without falling to the soil surface, which RUSLE2 also considers.  
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The other way that canopy is lost is by operations that remove live biomass or remove residue after the vegetation has been killed. Harvest, shredding, mowing, grazing, burning, and frost are operations that typically reduce canopy cover.  See section ?? for a description of how RUSLE2 represents canopy loss by operations.

6.4.2.1.9. Assigning values for canopy

Core values for canopy and other plant characteristics are given in Appendix ??.  Core values are used as a guide in assigning values to new vegetation descriptions entered in the RUSLE2 database.

6.4.2.2. Ground Cover

tc  \l 3 "Surface Cover"
Ground cover, which is material in contact with the soil surface, slows surface runoff and intercepts raindrops and waterdrops falling from canopy.  Ground cover includes all material that touches the soil surface.  Examples are rock fragments, portions of live vegetation including basal area and plant leaves that touch the soil, cryptogams, crop residue, plant litter, and applied materials including manure, mulch, and manufactured erosion control products like blankets.  Ground cover is probably the single most important variable in RUSLE2 because it has more effect on soil loss than almost any other variable, and applying ground cover is the simplest, easiest, and most universal way of reducing soil loss.  

To be counted as ground cover, the material must remain in place and not be moved downslope by surface runoff during a rainstorm.  Also, the material must contact the soil surface sufficiently well that runoff does not flow between the material and the soil to cause erosion.  Rock fragments on the soil surface are a special case.  Generally rock fragments much be larger than 5 mm with coarse textured soils in arid and semi-arid regions where runoff is low and larger than 10 mm in other regions to be counted as ground cover.  Rock fragments on the soil surface can be treated in one of two ways.  They can be considered to be a part of the soil, and a rock cover value is entered in the soil component of the RUSLE2 database (see section 6.2.6).  Rock fragments can also be “applied” as an “external residue” (material added to the soil surface or placed in the soil).
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6.4.2.2.1. Ground cover effect
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Ground cover reduces soil loss by protecting the soil surface from direct raindrop impact, which reduces interrill erosion.  Ground cover also slows surface runoff and reduces its detachment and transport capacity, which reduces rill erosion.  If ground cover is low (less than about 15%) and ground cover pieces are long and oriented across slope, ground cover reduces soil loss by causing deposition in numerous small ponds behind ground cover pieces.  As ground cover increases, deposition ends and ground cover reduces runoff detachment capacity, which reduces rill erosion.  The ground cover effect for both interrill and rill erosion is illustrated in figure 6.27.

Ground cover reduces rill erosion more than interrill erosion.  That is, the ground cover subfactor is less for rill erosion than for interrill erosion for a given ground cover percent as illustrated in figure 6.27. The net or overall effectiveness of ground cover depends on the relative contributions of rill and interrill erosion.  The ground cover subfactor value is reduced when rill erosion makes the greater contribution to soil loss.  

Factors that affect the relative contributions of rill and interrill erosion affect the ground cover subfactor.  These variables include soil condition, ground cover (“residue”) type, and the anchoring and bonding of ground cover to the soil.  Obviously ground cover provides the greatest erosion control when it is well anchored and bonded to the soil, which occurs most often on cropland.  Conversely, ground cover (mulch) is least effective on construction sites where mulch pieces bridge across soil roughness so that runoff flows under the mulch and where poorly anchored mulch is moved by runoff.  RUSLE2 partially represents these effects by giving greater credit to ground cover when increased soil biomass is present.

These entirely mechanical effects reduce the forces applied to the soil by waterdrop impact and surface runoff.  An indirect effect is ground cover’s effect on infiltration and runoff.  Infiltration rate can be very high and runoff low on a freshly tilled soil without a surface seal.
  If ground cover is placed on the soil before a crust is formed, the ground cover will reduce seal formation and will help maintain high infiltration and low runoff.  Thus, ground cover has a lesser effect on reducing soil loss when placed on a soil after it becomes crusted or placed on a soil where internal soil properties, such as a high clay content or high bulk density, control infiltration.  A given amount of ground cover reduces soil loss more for cover-management systems, such as no-till cropping, that maintains high soil biomass improves soil quality and reduces crusting.  An interaction between soil biomass and soil consolidation is a major variable used by RUSLE2 to compute values for the ground cover subfactor.

Size and shape of ground cover material vary widely from round rock fragments to thin, flat leaves to long slender pieces of unchopped wheat reside to long and bigger diameter unchopped corn stalks to even larger pieces of woody debris left by logging operations.  The portion of the soil surface covered is used as a single variable to describe the effect of ground cover on soil loss.  Even though the geometry of individual ground cover pieces can vary greatly, even for the same type of ground cover such as soybean residue, the portion of the soil surface covered, as used in figure 6.27, integrates the effects of varying geometry of ground cover pieces on soil loss.  For example, above ground residue from a typical agricultural crop includes leaves, pods, hulls, cobs, stems, and stalks and fine and coarse roots for below ground “residue.”  “Residue” on a disturbed forest range from leaves and needles to broken tree limbs.  Furthermore, certain operations, especially harvest operations, frequently reduce size of residue pieces.  One of the inputs in the residue component of the RUSLE2 database is the selection of a residue type based on size and toughness of the ground cover material.

Ground cover at a specific site can also be composed of several types of residue, such as rock fragments, live ground cover (basal area and plant leaves), and plant litter.  Some of the residue types such as plant litter overlap other types such as rock fragments.  RUSLE2 also assumes that live ground cover overlaps other types of ground cover, which is true for plant leaves but not for basal area.  The important variable is the net portion of the soil surface that is covered, which is used to compute a value for the ground cover subfactor.  The best way to visualize the net fraction of the soil surface that is covered is to determine the fraction of bare, exposed soil and subtract that value from one.  RUSLE2 accounts for the overlap of individual ground cover pieces instead of adding the cover provided by each ground cover type.  
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RUSLE2 tracks and accounts for ground cover on a mass per unit area basis (e.g., tons/acre, t/ha).  RUSLE2 converts mass (weight) values to a percent (fraction) of the soil surface covered (see section 6.4.2.2.4), accounts for overlap, and uses a net (effective) ground cover value to compute a value for the ground cover subfactor.  Although RUSLE2 tracks ground cover by mass, RUSLE2 displays ground cover in percent (fraction) to aid conservation planning that if often based on maintaining a certain ground cover percent.  

6.4.2.2.2. Equation for ground cover subfactor

The main equation used in RUSLE2 to compute a value for the ground cover subfactor is:
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where: b = a coefficient that describes the relative effectiveness of ground cover, which varies by specific condition. For example, a 50% ground cover can reduce soil loss by 95% under some conditions while only reduce soil loss by 65% under other conditions.  Values for b in RUSLE2 range from about 0.025 for the interrill erosion ground cover effect to 0.06 for the rill erosion ground cover effect, as illustrated in figure 6.27.  The b value used by RUSLE2 in equation 6.25 varies by day as the ratio of rill to interrill erosion varies as a function of the variables in equation 6.10.  RUSLE2 computes a b value using equations based on relative soil loss as:
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[6.27]

where: at* = total relative erosion with ground cover, aib* = relative interrill erosion on a bare soil with all other conditions the same as when cover is present, and arb* =relative rill erosion on the same bare soil with all other conditions the same.  Values for relative interrill and rill erosion in equations 6.26 and 6.27 are computed using the variables in equation 6.10.  These equations capture the main effects of how b values are affected daily by soil, cover-management, by cover-management system, and by slope steepness.  

Equation 6.27 is modified for soil on steep slopes with no soil biomass to represent ground cover being less effective for controlling soil loss under those conditions.  This modification reflects how mulch is less effective on steep construction-like slopes than crop residue and plant litter on crop, range, pasture, and disturbed forestland.
  The equations are also modified to take into account how ground cover types like rock and small residue pieces that conform closely to the soil surface reduce soil loss more than long pieces of ground cover that bridge across roughness elements like soil clods.  This effect is greatest on steep, construction-like soil and slope conditions.  
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Another modification to the equations is that RUSLE2 assumes an interaction between random surface roughness and ground cover such that the effectiveness of ground cover is reduced as surface roughness increases.  For example, ground cover in the bottom of a depression filled with ponded water does not reduce soil loss as much as does the same amount of ground cover on a flat soil surface.

These equations compute a low b value for flat slopes where interrill erosion dominates, a high b value on steep slopes where rill erosion dominates, and an increased b value on no-till and other soils conditions where increased ground cover increases infiltration.  The interaction of soil consolidation and soil biomass is used to indicate conditions where ground cover increases infiltration.  Equations 6.26 and 6.27 also compute increased b values for soils susceptible to rill erosion based on soil texture and decreased b values for soils that are less susceptible to rill erosion because of soil consolidation.

6.4.2.2.3. How ground cover is added to and removed from the soil surface

Ground cover is added to the soil surface by live vegetation (live ground cover), senescence causing canopy material to fall to the soil surface, natural processes causing standing residue falling over, an operation (e.g., harvest)
 flattening standing residue, an operation (e.g., tillage), resurfacing previously buried residue, or an operation applying material (“external residue such as manure, mulch, manufactured erosion control products)” to the soil surface.  Ground cover is removed when plant growth stops leaves or other live plant parts from touching the soil surface, an operation (e.g., tillage) buries ground cover, or an operation (e.g., straw baling, burning) remove ground.

Values for live ground cover are entered as needed in the vegetation description for each plant community in the vegetation component of the RUSLE2 database (see section 6.4.??).  Live ground cover is controlled entirely by these values, and live ground does not decompose.  The mass of live ground cover is accounted for in the above ground biomass of the “live” vegetation.  Senescence transfers material from the live canopy to the soil surface where it is residue (ground cover).  Once on the soil surface, this residue decomposes as a function of daily rainfall, daily temperature, and type of material (see section ?? for information on decomposition).


.

When “live” vegetation is “killed,” it becomes standing residue.  Over time this residue falls over because of natural processes and becomes ground cover.  The rate that standing residue “falls” is proportional to decomposition rate at the base of the dead standing vegetation.  Standing residue decomposes at a much slower rate than flat or buried residue because of no soil contact to provide moisture to accelerate decomposition.
  Standing residue can also be converted to ground cover (flat residue) by a “flattening” process in an operation.  Flat residue is lost by decomposition and burial by operations.  Buried residue is also reduced by decomposition, and buried residue can be resurfaced, which adds material to ground cover.  External residue can also be added to the soil surface by an operation.  See section ?? for a description of how operations manipulate ground cover.

6.4.2.2.4. Conversion of residue mass to portion of soil surface that is covered

RUSLE2 uses the following equation to convert residue mass to portion of the soil surface that is covered:
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where: ( = a coefficient that is a function of the residue type (units depend on the units of Mg) and Mg = residue mass per unit area (e.g., lbs/acre, kg/ha) expressed on a dry matter basis.  Figure 6.28 shows a plot of equation 6.28 for four residue types.

RUSLE2 uses three data points entered in the residue component of the RUSLE2 database to determine a value for ( in equation 6.28 for each residue type.  These data points are the mass of residue to provide 30, 60, and 90% ground cover, respectively.  A single data point (mass, cover), two data points, or all data points can be entered and RUSLE2 will use a single data point or an average if multiple data points are entered.  If only a single value is entered, enter a mass value for 60% ground cover, and the next best choice is a mass value for 30% ground cover.  A single data point for 90% should be avoided because the mass-cover curve is very flat for 90% ground cover, which result in considerable error when extrapolated to small ground cover values.  The best combination of two data points is 30 and 60%, and the poorest combination is one that involves a data point for 90% ground cover.

Figure 6.28 illustrates differences in residue types.  Cotton residue is almost totally composed of very coarse, woody stems, which requires a large mass of these residue pieces to produce a given ground cover.  The other extreme is soybean residue, which is a mixture of several plant components including leaves, stems, and pods that contained the soybeans.  The curve for wheat residue is similar to the one for soybean residue, but in this case, not a particularly large mass of hollow wheat stems is required to provide significant ground cover.  Also, a significant amount of wheat residue is composed of leaves.  Corn residue is intermediate.  Much of the corn residue is large stalks that are solid but less dense than cotton stems.  Also, much of the corn residue is composed of leaves.

The best approach to determine values to enter into RUSLE2 to describe the mass-ground cover relationship for a residue is to select values based on information in the “core database” in Appendix ?? rather than making field measurements.  Field data are highly variable and should be avoided (see section 6.4.2.26.).  

Be slow in developing residue descriptions for different crop varieties.  Differences often represent unexplained variability rather than real differences.

The variability in measured mass-ground cover values is partly caused by RUSLE2 representing residue as a single composite residue rather than as individual components.  A small mass of leaves gives a much greater percent ground cover than does the same mass of stems.  Therefore, the relationship between cover and mass depends on the relative proportion of leaves and stems, or other residue components.  This relationship changes through time because each residue component decomposes at differing rates.  For example, leaves decompose much more rapidly than do stems.  Consequently the mass-cover relationship is very different immediately after harvest when many leaves are present than later after the leaves have decomposed to leave only stems.  Also, the mass-cover relationship for a residue type can appear to differ by location, when in reality the mass-cover relationship is reflecting how the proportion of leaves to stems varies by time and location.

The residue values in the RUSLE2 “core database” were primarily chosen to soil loss estimates that compare well with measured soil loss values in research studies.
  Also, the “core database” values were chosen to represent the overall mass-ground cover relationship for the first year after harvest rather than fitting ground cover values at a specific point in time.  The “core database” values were chosen to compute soil loss as a function of main effects rather than secondary effects associated with residue.  Trying to fit secondary effects, especially with limited data, is more often than not fitting unexplained variability.  The “core database” values represent several data sets rather than focusing on a single data set.  

6.4.2.2.5. Spatially non-uniform ground cover


Ground cover is often non-uniform by being concentrated in strips or patches.  Examples of non-uniform ground cover are narrow strips that have been mechanically disturbed by tillage and planting equipment, strips of residue left by harvest operations, natural processes that cause residue to collect in row middles, “patches” of highly disturbed areas left by logging and military training operations, and grass/shrub “clumps” on rangeland.  RUSLE2 can compute soil loss for these non-uniform conditions using alternating cover-management systems along a hillslope profile.  An example is the patchiness common to rangelands, disturbed forest lands, and landfills where soil and vegetation vary along a slope.  One cover-management system represents a patch with increased cover created by using less intensive operations that leave more ground cover and a second cover-management system created by using operations with increase soil disturbances and leave less ground cover.  Another example is strips of reside left by a combine where a straw spreader was not used.  On one cover-management system, operations remove flat residue and leave only standing stubble.  The other cover-management system takes the residue removed by the first cover-management system and adds it as “external residue” to the second strip.  Even very narrow disturbed strips on the order of inches (10’s of mm) and 3 ft (1 m) wide less disturbed strips can be analyzed with RUSLE2, but analyzing such narrow strips is time consuming and tedious.  

6.4.2.2.6. What to do when RUSLE2 computes a ground cover that is not the expected value

Residue cover immediately after planting is a key variable used in conservation planning on cropland and in compliance to determine whether a conservation plan has been properly implemented.  The residue cover value computed by RUSLE2 immediately after planting is an important RUSLE2 output.  This value should be sufficiently close to values observed in the field for clients to accept RUSLE2 estimates.  Several factors should be considered in comparing RUSLE2 residue cover values with field observations.  RUSLE2 compute “typical,” average annual daily residue cover values rather than residue cover at any particular time and site.  Residue cover values measured at a particular site vary greatly from year to year, requiring at least three years of measurements where a range of yields (production levels) and weather conditions have occurred to obtain a measured value comparable to RUSLE2 estimates.  Also, residue cover varies greatly from location to location within a field site are requiring at least 10 measurements at a site.  Residue cover is frequently measured using a transect.  

Great care must be taken when the cover is non-uniform in strips and patches to ensure that the sample density is sufficient when measuring residue cover using the bead-string or similar method, especially if the strips are narrow and the residue cover in one of the types of strips is heavy.  In fact, the best way to measure residue cover for these conditions is to use transects within each type of strips and weight the values based on area represented by each type of strip.  However, keep in mind that the mass-cover and erosion equations are highly nonlinear, which may require applying RUSLE2 to the site as a system of strips as described in section 6.4.2.2.5.  Be aware of differences caused by non-linearities.

Also, the error in residue measurements can be large for residue cover values less than about 20%.  Sometimes residue mass is estimated based on measurements of residue cover percent and curves like those in figure 6.28.  The error in mass can be large, sometimes by as much as a factor of two, for residue cover values greater than 75% because of the flatness of the mass-cover curve at high cover values where the residue mass can change by a large amount with only a small change in ground cover.

Very carefully compare the values determined from the field measurements with values in the “core database” and values reported in the literature.  Ask the question, “Are the measured values consistent and reasonable when all of the data as a whole are considered?  If the measured values differ significantly from the other values, can the differences be explained in a reasonable way?”  

 If one concludes that RUSLE2 is not computing the desired residue cover, what does one change to obtain the desired value?  The first point to realize is that getting a good comparison between a RUSLE2 residue cover estimate and a measured value at a particular point in time does not ensure a good soil loss estimate.  The best soil loss estimate is obtained by a good fit of residue cover over at least the ¼ to 1/3 period during the most erodible part of the year.  

The factors that need to be considered in a systematic, stepwise manner in adjusting RUSLE2 to compute a different residue value are: (1) the amount of residue at harvest, (2) the distribution between standing and flat residue at harvest, (3) the mass-ground cover relationship, (4) the decomposition coefficient value, and (5) values for the burial and resurfacing ratios of the operations that bury the most residue at critical times.  Estimated residue cover and soil loss values should be checked at each step.  Sometimes changes in a particular variable have unexpected effects.  For example, changing the value for the decomposition coefficient affects not only ground cover, but buried residue and dead roots as well. 


6.4.2.3. Soil (Surface) Roughness

Soil (surface) roughness, illustrated in Figures 6.29, refers to the random peaks and depressions left by soil disturbing operations.  This roughness is referred to as random roughness because it does not affect the general flow direction, in contrast to oriented roughness (ridges and furrows) that redirects the runoff.  Characteristics of the roughness at the time of its creation depend on soil properties, the type of soil disturbing operation, and the amount of soil biomass.  Different types of soil disturbance produce widely differing distributions of aggregates and clod sizes depending on soil conditions.  Surface roughness decays over time to a smooth surface, except for a few persistent clods on some soils.


6.4.2.3.1. Soil (surface) roughness effect

Surface roughness affects soil loss in several ways.  The depressions formed by surface roughness pond water and slows runoff, which reduces the erosivity of both impacting waterdrops and surface runoff.  Transport capacity of flow through the depressions is very low, which causes local deposition.  Surface roughness decays over time as deposition fill the depressions with sediment, detachment as a part of interrill erosion wears away the roughness peaks, and the presence of rain water causes the soil to subside.

Soil clods that are resistant to detachment are the main geometric elements that form the roughness as illustrated in Figure 6.29.  The fine soil particles produced during the creation of the roughness are often left in the depressions where they are protected from erosion.  Thus, erodibility of a rough soil surface is less than that of a smooth, finely pulverized soil surface.  However, the degree that a soil forms clods depends on soil texture and soil moisture at the time of the soil disturbance, although RUSLE2 does not consider the effect of soil moisture on soil roughness.  Clods are smaller and less stable for coarse textured soils than for fine textured soils.  Large clods also produce deeper depressions.

Surface roughness increases infiltration, which reduces runoff, partly because increased soil porosity.  Also, a cloddy, rough soil resists sealing and crusting in relation to a finely pulverized soil that can readily seal and crust.  Thus, a rough surface reduces soil loss because of decreased runoff.  Surface roughness is often a measure of clodiness left by a soil disturbance.

RUSLE2 considers a “short term roughness” and a “long term” roughness.  “Short term” roughness is created by operations that disturb the soil like tillage equipment and earth moving machines.  “Long term” roughness evolves over time after the last mechanical soil disturbance on lands like pasture, range, and landfills. This roughness is related to vegetation type (bunch versus sod forming), plant roots near the soil surface, local erosion and deposition by both water and wind erosion, and animal traffic.  A value for this long term roughness is entered into RUSLE2 to capture the long term roughness effect.  RUSLE2 simultaneously keeps track of the decay of “short term” roughness and evolution of  long term roughness that is assumed to develop over the “time to soil consolidation” (see section 6.2.8).

6.4.2.3.2. Roughness measure

RUSLE2 uses a roughness index that is the standard deviation of the micro surface elevations about the mean elevation as a measure of soil roughness.  Machines like scarifiers, moldboard plows, and heavy offset disks tend to create rough soil surfaces [e.g., Rm > 1.5 inch (35 mm), Rm = field measured roughness value] while machines like rotary tillers pulverize the soil and leave a smooth soil surface [e.g., Rm < 0.2 in (5 mm)].  Machines, like bulldozers and road graders that use blades to cut the soil also leave a smooth surface with a low roughness value.


Microrelief meters are used in research to measure soil surface roughness.  These meters generally involve measuring micro surface elevations over a grid by either lowering pins to the soil surface or by using a laser system.
  Because roughness index values can be function of the grid spacing, a standard spacing of 1 inch (25 mm) should be used to determine roughness index values for RUSLE2.  Also, a plane should be fitted to the elevation data and deviation taken with respect to the plane to remove the effects of land slope.  Also, the effect of ridges (oriented roughness) should be avoided or taken out of the data by analysis as well.


Figure 6.30 provides an approximate estimate of soil surface roughness if a microrelief meter is not available.  The procedure is to determine the range in surface elevation from the highest roughness peak to the bottom of the deepest depression, which can be measured by laying a 6 ft (2 m) straight edge across the roughness peaks.
  A third approach for estimating a surface roughness value is to compare the surface with the photographs in Appendix ?? for soil surfaces having a range of measured roughness values.


Field measurements of roughness can vary greatly for a particular operation, such as a moldboard plow.  Roughness is affect by amount of soil biomass, the presence of standing stubble, whether live vegetation is present, soil moisture content at the time of tillage, whether the soil has “mellowed” from over winter weathering, speed of the operation, and soil texture.  The roughness values used in RUSLE2 capture the main effects of the type of operation, soil texture, and amount of soil biomass for a “typical” condition and not all of the detailed variations.  See section 6.4.2.3.3 for adjustments that are required for soil texture and soil biomass to convert measured roughness values to input values entered in the operation component of the RUSLE2 database (see section ??).  

6.4.2.3.3. Soil surface roughness subfactor 

Values for the RUSLE2 soil surface subfactor are computed using an adjusted roughness value that has been adjusted for soil texture and soil biomass from an input roughness input value for the operation that creates the roughness.  The equation for the soil roughness subfactor is:
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where:  Ra = a roughness index value that has been decayed from an initial roughness value. The 0.24 in (6 mm) value in equation 6.29 represents the roughness value assumed for unit plot conditions so that the value of the surface roughness subfactor Sr = 1 for unit plot conditions.  All cover-management subfactor values are relative to unit plot conditions described in section 6.4.1.  Roughness subfactor values are less than 1 when the surface roughness of the site specific condition is greater than that of the unit plot and greater than 1 when the site specific surface roughness is smoother than the surface roughness of the unit plot.  An example of a soil surface that is smoother than the unit plot is one that has been finely tilled with a rotary tiller where vegetables are seeded.  The soil surface roughness subfactor value is greater than 1, as illustrated in Figure 6.31.  A soil surface rougher than the 0.24 in (6 mm) of the unit has soil surface roughness subfactor values less than 1 as illustrated in figure 6.31, and can be as lower than 0.2 on extremely rough soil surfaces.

The adjusted roughness value Ra that RUSLE2 uses in equation 6.29 to computes the roughness subfactor values, as illustrated in figure 6.31, begins with an input roughness value assigned to the operation that creates the roughness.  Input roughness values are entered in the operation component of the RUSLE2 database for each operation that includes a “disturbs the soil” process.  


Before RUSLE2 uses an input roughness value in equation 6.29, it uses equations to compute adjustment factors for soil texture and soil biomass.  Table 6.16 lists the adjustment factors for soil texture based on the sand, silt, and clay content for the midpoint of the class in the textural triangle.  RUSLE2 uses the sand, silt, and clay content entered for the soil, or if only a textural class is entered, RUSLE2 uses the sand, silt, and clay for the midpoint of textural class (see section 6.2.4).  The first step is to multiply the input roughness by the roughness adjustment factor.  As Table 6.16 illustrates, the roughness adjustment factor is greater for fine textured soils, ones with a high clay content, and is lesser for coarse textured soils, ones with a high sand content.  That is, RUSLE2 uses a high soil surface roughness value for soils high in clay than for soils high in sand.  The input roughness factor value is essentially one for medium textured (silt loam) soils because the input roughness value is based on a silt loam soil.

The second adjustment to the input value is an adjustment for the average amount of soil biomass over the depth of soil disturbance.  The soil biomass that is included in this adjustment includes buried residue and dead roots after the disturbance. Equation 6.30 is used to adjust the input roughness value after it has been adjusted for soil texture. 
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where: Ra = the adjusted roughness value (in) used in equation 6.29, Rit = the roughness input value (in) after it has been adjusted for soil texture and Bta = the total mass of buried residue and dead roots averaged over the soil disturbance depth after the operation (lbs/acre per inch depth).  Figure 6.32 illustrates how the input roughness value is adjusted for soil biomass.  

The effect of soil biomass on roughness can be observed by comparing roughness after a sod field is plowed with the roughness after a field in continuous low residue vegetable cropping is plowed.  This difference in roughness can also be observed when a permanent grass strip beside a continuously cropped field is plowed. The soil surface roughness is much larger on the sod field and grass strip than on the continuously cropped fields.  The soil plowed out of sod turns up in “chunks” s if it is held together by roots.  A similar effect occurs in chisel plowed wheat stubble fields.  This effect in a sod field on soil loss is significant.  According to Table 5-D in AH537
 soil loss immediately after a moldboard plow from a sod field is one fourth of that immediately after a moldboard plow in a continuous row cropped field.  The degree of the effect depends on the sod yield (production level), with the amount of roots and buried residue directly depending on yield.  The roughness for a moldboard plow in a continuous cropped corn field is also a function of yield in Table 5 in AH537.  For example, the surface roughness subfactor value is about 0.55 for a 110 bu/ac yield and about 0.75 for a 50 bu/ac yield.  This effect is also illustrated in Table 5, AH537 where the residue is removed.  For example, the soil surface roughness subfactor is about 0.90 where the residue is removed for a 110 bu/acre corn yield while it is about 0.55 where the residue is not removed.  The values in Tables 5 and 5-D, AH537 are based on measured soil loss data.  Another illustration of how soil biomass affects the soil surface roughness is that a soil surface is noticeably smoother after tillage following soybeans than tillage following corn.  

When roughness data from field research are analyzed to develop input roughness values for RUSLE2, field measured values Rm must be adjusted for soil texture using Table 6.16 and for soil biomass using figure 6.33.  The best approach is to make roughness measurements under high soil biomass conditions.  As illustrated in Figure 6.33, biomass does not have much effect on the soil surface roughness value for soil biomass values (buried residue plus dead roots) greater than 1000 lbs/acre per inch depth of disturbance.  Roughness measurements made with yields of 200 bu/acre corn, 70 bu/acre wheat, and 4 tons/ac on hay or pasture land are conditions where measured roughness needs little if any adjustment for soil biomass.  The following example illustrates how to use Figure 6.33 to adjust a measured roughness value for biomass.  Assume that the measured roughness is 1.5 inches (40 mm) and the aveage soil biomass is 500 lb/ac per inch depth of disturbance after the operation.  A value of about 3.2 in (80 mm) is read from Figure 6.33, which would be the input roughness value for the operation that produced this roughness on a silt loam soil. 


The input roughness values in the operation component of the RUSLE2 database are greater than are typically measured in the field because of the biomass effect.  Roughness values computed by RUSLE2, rather than input values, should be compared to measured roughness values.  Even then, field measured roughness values may not match those computed by RUSLE2.  The first RUSLE2 priority is to compute soil loss values as a function of main effects.  The RUSLE2 surface roughness subfactor captures more than just the physical effect of roughness geometry on soil loss.  It also captures the effect of soil management as represented by soil biomass on aggregate size distribution and stability and their effect on infiltration and erodibility.  Priority is given to capturing these effects rather than reproducing roughness values that can be measured in the field.  

6.4.2.3.4. Roughness decay
At the time that an operation creates roughness, RUSLE2 computes an initial adjusted roughness based on the input roughness value for the operation.  The input value is adjusted for soil texture and the amount of buried residue and dead roots in the depth of soil disturbance after the operation.  RUSLE2 decays this adjusted roughness value each day based on daily rainfall amount and interrill erosion.  Rainfall amount is used to compute the rapid subsidence of roughness caused by soil wetting.  Roughness decay by interrill erosion represents impacting waterdrops wearing away soil peaks and filling depressions with sediment.  Interrill erosion is computed using daily rainfall erosivity, canopy cover, and ground cover.  A value of 0.025 is used in equation 6.24 to compute the effect of ground cover on interrill erosion.  Soil surface roughness persists when rainfall erosivity is low and canopy and ground cover are high to reduce interrill erosion.  About 40% of the total roughness decay is from subsidence with rainwater and the remainder is from interrill erosion.

Roughness decays over time to a “final” roughness that is entered as an input for each operation having a “disturb soil” process (see section ??).  A value of 0.24 inches (6 mm) is typically used for “final” roughness to represent the long term persistence of a few exceptionally stable soil clods.  Although the value for “final” roughness should be a function of soil texture, a value of 0.24 inches (6 mm) is used for all soils.  A major reason for using the 0.24 in (6 mm) value for all soils is to compute a surface roughness subfactor value of 1.0 to correspond to the subfactor values for the unit plot for all soils when all roughness has decayed.

However, a “final” roughness less than 0.24 inches (6 mm) is used in RUSLE2 to represent operations such as grading and rotary tillers that  leave a smoother surface than existed on the unit plot.  When “final” roughness values less than 0.24 in (6 mm) are entered, an “initial” roughness value equal to the “final” roughness value should be entered.  However, if the “initial” value is greater than the “final” value, RUSLE2 will decay roughness from the "initial” value to the “final” value.

The rate of roughness decay is not a function of soil conditions in RUSLE2.  Because “initial” roughness is a function of soil texture and soil biomass, the effect of soil conditions on roughness at any time in RUSLE2 is considered to be sufficiently well captured.  


6.4.2.3.5. Effect of existing roughness (tillage intensity effect)

The initial surface roughness value that RUSLE2 computes for an operation can depend on existing roughness for certain conditions.
  For example, if a spike tooth harrow or similar light implement is used on a very rough soil surface, the harrow may have little effect and leave a soil surface that is only slightly smoother than before the operation.  However, if the harrow follows a tandem disk that has already left the soil surface fairly smooth, the harrow will further smooth the soil surface.  The soil surface will be smoother when the harrow a tandem disk that leaves the surface moderately smooth than when the harrow follows a moldboard plow that leaves a rough soil surface.  Therefore, the roughness following the harrow depends on the roughness that existed when the harrow was used.  An implement like the harrow is assigned a tillage intensity factor of about 0.4, which means that the harrow can only “wipe out” about 40% of the existing roughness, or conversely, 60% of the existing roughness remains after the operation.  In contrast, the roughness left by an aggressive implement like a moldboard plow or heavy offset disk is completely independent of the existing roughness.  These implements are assigned a tillage intensity of 1.0, which means that the implements completely wipe out any existing roughness.    Another implement that has a tillage intensity factor of 1.0 is a large rotary tiller.  In contrast to the moldboard plow and offset disk that have a tillage intensity factor of 1.0 and leave the surface rough, the rotary tiller leaves a smooth surface even though it has a tillage intensity value of 1.0.  


If the soil surface roughness at the time of an operation is smoother than the surface roughness that is created by an operation on a smooth soil surface, the surface roughness computed by RUSLE2 is not affected by the tillage intensity factor.  


6.4.2.3.5. How RUSLE2 handles roughness when soil disturbance is in strips

Some operations like strip tillage, manure injection, and planting only disturb a portion of the soil surface.  The input roughness value for these operations applies only to the portion of the soil surface that is disturbed.  RUSLE2 does not average the roughness values for the disturbed and undisturbed portions to determine an average roughness value because of non-linearity in equation 6.29.  Instead RUSLE2 computes a roughness subfactor value for each strip and computes a composite roughness subfactor value based on the portion of the surface disturbed by the operation.  This composite roughness subfactor value is used in equation 6.29 to compute an effective roughness value for the entire surface.  This effective roughness is then decayed based on rainfall amount and interrill erosion as described in section 6.4.2.3.4. 


6.4.2.3.6. Assigning roughness values

Input roughness values for soil disturbing operations are assigned by selecting a value from the RUSLE2 “core database” given in Appendix ?? by comparing characteristics of an operation with characteristics of operations in the “core database.”  Basing input values on the “core database” values helps ensure consistency between RUSLE2 applications.  If no operations are in the “core database” that are sufficiently close to your operation, consult the research literature and use the largest possible database to estimate input roughness values and apply the adjustment procedures described in section 6.4.2.3.3.  Field measurements should be carefully and sufficient to deal with spatial and temporal variability. 


6.4.2.4. Ridges
This section describes how ridges affect sediment production.  Ridges, and the furrows that separate them, are referred to as oriented roughness because they redirect runoff from a direct down hill direction (perpendicular to the contour) when the the ridges are oriented in direction besides directly up and down slope.  Orienting ridges parallel with the contour is an important conservation (support) practice known as contouring that can significantly reduce soil loss if the ridges are sufficiently high.  Contouring is discussed in section ??.  

6.4.2.4.1. Ridge subfactor effect 

Ridges increase soil loss by increased detachment by interrill erosion on ridge sideslopes.  Measured soil loss can be as much as twice the soil loss from a level soil surface for land slopes up to 6 percent.
  The increase in soil loss caused by ridges is related to ridge sideslope steepness where interrill erosion increases according to 3(sin(i)0.8+0.56 as (i = the angle of the ridge sideslope increases.  This equation computes interrill erosion from a 30 percent steep ridge sideslope that is about three times the interrill erosion from a flat, level soil surface.  Even when land slope is flat, the local ridge sideslope can be very steep, such as 30 percent, and interrill erosion can be very high on the ridge sideslope.

Ridge height is used represent ridge sideslope steepness because ridge height values can be easily visualized and measured for ridge forming operations.  Using ridge sideslope steepness in RUSLE2 would require that a value for ridge spacing be entered, which is not always available.  Also, more ridges are often present that is often recognized.  For example, the ridge spacing assumed for row crops is often the spacing of the rows, but the planter may leave several small, but very important ridges besides the ridges associated with row crops. Determining ridge height is much easier for construction machines like scarifiers and bulldozer treads than determining ridge spacing.  Figure 6.34 shows RUSLE2 subfactor values as function of ridge height when the land slope is less than 6 percent and the ridges are oriented up and down hill.

The effect of ridges on sediment production diminishes in RUSLE2 as land slope steepness increases above 6 percent because the local steepness of the ridges becomes almost equal to the land slope at steepness above 30 percent.  For example, the local steepness of the ridge sideslopes is 42 percent when the ridge sideslope is 30 percent and the land slope is 30 percent.  Figure 6.35 shows ridge subfactor values as landslope increases above six percent.  As illustrated, ridge subfactor values converge to 1 at steep land slopes.  The values in Figure 6.34 were derived from experimental data while the values in Figure 6.35 were derived from a simple rill-interrill erosion model where rill erosion varies linearly with land slope steepness and interrill erosion with 3(sin(i)0.8+0.56.


6.4.2.4.2. Effect of ridge orientation on ridge subfactor

The ridge subfactor values in Figure 6.35 apply when ridges are oriented up and down slope.  When the ridges are oriented on a direction different from up and down slope, ridge subfactor values decrease to 1 as ridge orientation approaches the contour.  The relationship used to adjust ridge subfactor values as a function of ridge orientation (row grade) is shown in Figure 6.36.  This relationship is a mirror image of the one used to adjust contouring factor values for ridge orientation, which is discussed in section ??.  The net effect of ridges is a composite of Figure 6.36 and the similar one for contouring.

6.4.2.4.3. Ridge formation and decay

Ridges are formed by soil disturbing operations.  An input ridge height value is entered in the operation component of the RUSLE2 database for each soil disturbing operation.  This input value is the “typical” (representative) ridge height created by the operation.  A “typical” ridge height is used because ridge height can vary with soil and cover-management condition, factors not considered in RUSLE2 in contrast to random roughness that RUSLE2 computes as function of soil texture and soil biomass. 


Ridge height is assumed to decay as a function of daily rainfall amount and daily interrill erosion.  The decay in ridge height by rainfall amount is independent of soil and cover-management conditions, but the decay by interrill erosion depends on rainfall erosivity, canopy cover, and ground cover.  A value of 0.025 is used in equation 6.24 to compute the effect of ground cover on interrill erosion.  About 40 percent of the decay in ridge height is from rainfall amount, which represents how the presence of water causes soil settlement, and the remainder is from interrill erosion, which represents the wearing away of the ridge by interrill erosion.

6.4.2.4.4. Assignment of input ridge height values

RUSLE2 input values for ridge height for an operation should be selected by comparing the characteristic of the operation with operations having ridge height values assigned in the RUSLE2 “core database” given in Appendix ??.    Ridge heights should be selected very carefully where contouring is being analyzed.  Ridge height values in the RUSLE2 “core database” have been selected very carefully to ensure that RUSLE2 computes the proper contouring effect.  The tendency is to assign ridge height values that are too low and then be surprised that RUSLE2 computes too little contouring effect.


6.4.2.5. Soil biomass

Soil biomass in RUSLE2 includes live and dead roots, buried plant litter and crop residue from vegetation “grown” on-site, and added materials (external residue) that were buried or directly placed in the soil.  These materials, including rock added as an “external residue,” are assumed to be organic materials that decompose and reduce soil erodibility.  An extremely low value is entered for the decomposition coefficient for rock so that essentially no rock mass is lost by decomposition.  RUSLE2 assumes buried rock to have the same effect as buried organic material, which may be too much effect for buried rock.
  

6.4.2.5.1. Soil biomass effect

Live roots affect soil loss by mechanically holding the soil in place, resisting erosive forces if runoff erodes soil to the depth of roots, and producing exudates that reduce soil erodibility.  Also, live roots are a measure of plant transpiration that reduces soil moisture, which in turn increases infiltration and reduces runoff and soil loss.

When vegetation is “killed” in RUSLE2 by an operation that has a “kill” process, live roots becomes dead roots and begin to decompose.  The physical presence of dead roots reduce soil loss by reducing the runoff erosivity if the dead roots become exposed, and dead roots also have the appearance of holding the soil in “clumps” when the soil is mechanically disturbed.  Also, dead roots decompose and produce organic compounds that reduce soil erodibility and increase infiltration and reduce runoff.

Buired “residue”
 acts similar to dead roots by physically reducing the erosive forces of runoff if flow erodes to the depth of buried residue, but buried residue does not mechanically hold the soil in the same way that roots hold the soil.  Residue decomposes and produces organic compounds that reduce soil erodibility and increase infiltration and decrease runoff and soil loss.  Overall, buried residue is less effective than roots on reducing soil loss because the buried residue does not mechanically hold the soil in place, and buried residue is not associated with plant transpiration like roots.

Although residue occurs in a wide range of sizes and types of vegetative material, the effect of all buried residue is treated the same based on experimental research that compared how crop residue, “green” manure, compost, animal manure, hardwood litter, and pine needles affected soil loss.
  However, preference is given to fine roots instead of coarse roots when root biomass values are entered in the vegetation component of the RUSLE2 database.  Fine roots have greater surface area per unit mass than coarse roots and often are very close to the soil surface where they have a greater effect on runoff and soil loss than coarse roots.  Fine roots readily slough and become a part of the soil organic matter pool.  Coarse roots are assumed to have relatively little effect and not much of the mass of coarse roots is entered for root biomass in the RUSLE2 database to avoid giving too much credit for the root biomass effect.

6.4.2.5.2. Soil biomass subfactor

Equation 6.31 is used in RUSLE2 to compute values for the soil biomass subfactor.
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where: Sb = soil biomass subfactor, cb = 0.951,
 Brt = the sum of the live and dead root biomass averaged over a 10 inch (250 mm) depth (lbs/acre per inch of depth), Brs = the amount of buried residue averaged over a depth that linearly ranges from 3 inches (75 mm) if the soil is not consolidated (i.e., Cs = 1) to 1 inch (25 mm) if the soil is fully consolidated (i.e., Cs = 0.45), and Cs = the soil consolidation subfactor (see sections 6.2.8 and ?? for discussion of the soil consolidation subfactor).  The coefficients 0.00348 for root biomass Brt and 0.000433 for buried residue Brs are doubled to 0.00696 and 0.000866, respectively, for Req applications.  Soil biomass has a much greater mechanical (physical) effect on rill erosion than on interrill erosion, and thus these coefficients are doubled for Req applications because most of the erosion is rill erosion caused by surface runoff.

Equation 6.31 was empirically derived by fitting it to soil loss ratio values for the seedbed crop stage period
 in Table 5 and accompanying tables in AH537.
  These soil loss ratio values were over a wide range of soil biomass and soil consolidation conditions, including pasture and haylands; no-till and reduced-till forms of conservation tillage for corn grain; and conventional clean-till corn grain, corn silage, soybean, and wheat cropping over a range of yields.  Also, soil loss data on the effect of incorporation of green manure, animal manure, compost, hardwood litter, and pine needles into the soil were analyzed.  (See Appendix ?? for additional information on the validation of RUSLE2.)

The 10 inches (250 mm) depth over which root biomass is averaged was the best of several depths analyzed while a 3 inches (75 mm) depth over which buried residue is averaged also was the best of several depths analyzed.  This 3 inches (75 mm) depth is linearly reduced in RUSLE2 to1 inch (25 mm) as the soil consolidation subfactor Cs decreases from 1 to 0.45 is to give increased credit to buried residue Brs in the upper soil layer with no-till cropping and other cover-management systems leave residue at the soil surface and do not disturb the entire soil surface.  A similar feature is the division of the variable buried residue Brs by the square root of the soil consolidation subfactor Cs, which also gives increased credit to buried residue as the soil consolidates.  A major advantage of no-till cropping is the accumulation of organic matter in the upper two inches (50 mm) of soil.  Over time, this layer promotes earthworm burrowing and other processes that decrease runoff and soil erodibility.  Tillage and other mechanical soil disturbances disrupt this layer so that  its effectiveness for reducing erosion is immediately lost.  This zone requires about 5 years to develop in the eastern US, which is consistent with using 7 years for the time to soil consolidation to represents this time.

Tables 6.17 and 6.18 illustrate values for the soil biomass subfactor for the three corn tillage systems at different yield levels and grass at three production levels.  The values for the soil biomass subfactor computed by equation 6.31decrease as yield increases because of increased buried residue and live and dead roots.  The difference between the clean-till and reduced-till systems is that the reduced-till system leaves additional residue near the soil surface where it has greater effect than residue buried more deeply by the moldboard plow in the clean-till system.  The major difference in the no-till system from the other systems is from additional residue near the soil surface and the additional credit given in equation 6.31 for buried residue Brs because of a reduced soil consolidation subfactor Cs.  The reduced soil consolidation subfactor has even greater effect in the grass system because of no soil disturbance than in the no-till system because narrow strips are disturbed to plant the seeds.  Another factor that reduces the soil biomass subfactor Sb in the grass system is greater live and dead root biomass at the high grass production level than for the high corn yield.  More dead root biomass is produced by root sloughing with the grass than is left after the corn harvest.


The soil biomass subfactor is a function of location as illustrated in Table 6.18 because decomposition of buried residue and dead roots is related to monthly rainfall and temperature, which vary by location.  For example, the soil biomass subfactor for the 2000 lbs/acre grass production level is 0.22, 0.27, and 0.33 at St. Paul, MN; Columbia, MO; and Baton Rouge, LA, respectively.  Decomposition is much higher at Baton Rouge, LA than at St. Paul, MN because of increased temperature and rainfall, especially during winter at Baton Rouge, LA where temperatures are sufficiently high for significant decomposition to occur.  The relative effect of location increase as production level (i.e., biomass level) increases.

Values for the soil biomass subfactor are significant and comparable in magnitude to values for other subfactors.  Although ground cover is frequently considered to be the single most important variable in RUSLE2, the soil biomass subfactor can be equally important.  Perhaps most important is the total amount of biomass in a cover-management system and how that biomass is distributed between the biomass pools.


6.4.2.5.3. How biomass is added to and removed from the soil

RUSLE2 obtains values for live root biomass from data in the vegetation component of the RUSLE2 database for the vegetation currently being “grown.”  The name of the vegetation associated with each operation having a “begin growth” process is entered in description of each cover-management system in the management component of the RUSLE2 database. The root biomass values in the RUSLE2 database are for the upper 4 inches (100 mm), whereas equation 6.31 uses biomass values for the upper 10 inches (250 mm).  RUSLE2 uses the root distribution illustrated in Figure 6.37 to convert the 4 in (100 mm) root biomass values to values for a 10-inch (250 mm) depth.
  The distribution in Figure 6.37 is used for all vegetations
 and for all time that a particular vegetation is growing.  Figure 6.37 shows that most of the live roots are in the upper 4 inches (100 mm) of soil, which is a major reason for the 4-inch (100 mm) depth used for the root biomass input values in the RUSLE2 database.
  


Other than an operation that includes a “kill” process, nothing affects live root values in RUSLE2 once an operation with a “begin growth” process causes the vegetation to begin to “grow.”  A “kill” process in an operation transfers the live root biomass at the time of the operation to the dead root biomass pool.  (See section 6.4.2.2.3 for a description of how RUSLE2 moves biomass between pools.)  Soil disturbing operations redistribute dead roots within the soil but do not bring dead roots to the soil surface.  Section 6.4.2.5.4 discusses how a soil disturbance redistributes dead roots in the soil.

As plant litter and crop residue decompose on the soil surface, four tenths of the amount lost by decompition each day is arbitrarily placed in the buried residue pool in the upper 2 inch (50 mm) of soil so that organic matter can accumulate at the soil surface on pastureland, rangeland, no-till cropland, and other lands not regularly tilled or mechanically disturbed.  

Operations with a “disturb soil” process transfer (bury) a portion of the surface (flat) residue to the buried residue pool.  The amount of residue that is buried is the product of the surface residue mass and a burial ratio.  Values for the burial ratio are entered for each operation with a “disturb soil” process in the operation component of the RUSLE2 database.  RUSLE2 distributes the residue that it buries according to one of three mixing distributions illustrated in Figure 6.38.  One of the distributions is “inversion with some mixing” for operations like a moldboard plow that invert the soil.  Most of the residue is buried in the lower half of the depth of disturbance.  The second distribution is “mixing with some inversion” for operations like a tandem disk, chisel plow, and field cultivator that leave most of the residue in the upper half of the depth of disturbance.  These operations bury residue primarily by mixing but involve some burial by inversion.  The third distribution is “mixing only” where almost all of the burial is by mixing with very little by inversion for operations like rotary tillers, subsoilers, and manure and fertilizer injectors that leave most of the residue in the upper one third of the depth of disturbance.  One of these three mixing distributions is assigned to each operation with a “disturb soil” process when data for the operation are entered into the RUSLE2 database.  

The other way that residue is added to the soil in RUSLE2 is by placing external residue in the soil with an operation that includes an “add residue” process.  External residue is placed in the lower half of the disturbance depth as illustrated in Figure 6.39.


Buried residue is removed from the soil by being resurfaced and transferred to the surface (flat residue) pool by soil disturbing operations.  The amount of resurfaced residue is the product of the amount of buried residue in the depth of disturbance at the time of the operation and a resurfacing ratio value assigned to the operation in the RUSLE2 database.  The resurfaced residue is extracted layer by layer by first taking out all of the buried residue, if necessary, from the top soil layer and then moving to the next and succeeding layers until the total mass of resurfaced residue is obtained.  In many cases, only of a portion of the residue in the top 1-inch (25 mm) layer is extracted, and seldom will extraction extend beyond the second layer.

Both buried residue and dead roots are lost by decomposition.  The rate that biomass is lost by decomposition depends on the type of residue, which determines the value assigned to the decomposition coefficient for the residue in the residue component of the RUSLE2 database, and on monthly rainfall and temperature (available in the climate RUSLE2 database component) of the site where RUSLE2 is being applied.  RUSLE2 maintains biomass pools for buried residue and dead roots, much like a litter layer on the soil surface, that is a function of the location.  The biomass in these pools is greater at locations where decomposition is less because of reduced temperature and rainfall, such as the Northern US in comparison to the Southern US.  The accumulation of  biomass in these pools can significantly reduce soil loss as computed by equation 6.31.

6.4.2.5.4. Redistribution of dead roots and buried residue in soil by operations

Operations with a “disturb soil” process redistribute buried residue and dead roots according to the mixing distribution assigned to that operation.  Each day before RUSLE2 buries residue, it redistributes the buried residue and dead roots.  Two steps are involved for an operation that has an “inversion with some mixing” distribution. The first step inverts the soil layers with their buried residue and dead roots by layer so that the biomass in the bottom layer becomes the biomass in the top layer, the biomass in the next to bottom layer becomes the biomass in the next to the top layer, and so forth.  The second step transfers biomass between soil layers.  A “filtering” concept is used in RUSLE2 where each soil layer is “sifted” so that some of the biomass in each layer is retained in the layer and the remainder of the biomass moves down to the next layer.  The amount retained is the product of the biomass in the layer and a retention coefficient having values shown in Table 6.19.
  The retention values for the “inversion with some mixing” distribution are all equal except for the values for the bottom two layers.  The value for the bottom layer must be 1 so that no biomass passes through the bottom layer and the slightly higher value for the next to bottom layer was empirically determined to determine a good fit between experimental data and computed values.   The equal retention values imply that the biomass is equally likely to move downward in the lower part of the disturbance depth as in the upper part.  In effect, the soil is uniformly “stirred, mixed, and sifted” with disturbance depth.

Only one step is involved in redistributing biomass with the two mixing distributions that primarily do not involve inversion.  The retention coefficient for the top layer is assumed to be same as the fraction of residue placed in the top layer by burial.  The values for the retention coefficients for the remaining layers are linearly increased with depth to a value of 1 as shown in Table 6.19.  The value of 1 for the last layer prevents biomass from passing through the bottom layer.  The increase in retention values with depth means that biomass is more likely to move down in the upper part of the disturbance depth than in the bottom part and that stirring and mixing decrease with depth.  

Figure 6.40 shows the buried residue distributions after each of four repeated operations for a moldboard plow that has an “inversion with some mixing” mixing distribution where no additional residue is buried after the first operation.  The buried residue distribution gradually becomes more uniform with each operation.  Figure 6.41 shows buried residue distribution with repeated operations with a tandem disk where residue burial is mainly by mixing.  After repeated operations, a bulge of biomass develops that moves downward in the soil.  The bulge becomes increasingly concentrated with each operation and moves downward less with each operation.  Thus rather than the distribution becoming increasingly uniform as assumed in some models, RUSLE2 computes an increasingly non-uniform distribution for the mixing type distributions.  Implements like tandem disks and rotary tillers are assumed to bury residue uniformly in the soil, but in fact they only bury residue uniformly under certain conditions, which occurs with about two passes as can be seen from Figure 6.41.  

6.4.2.5.5. Additions to the dead root biomass pool

Biomass is added to the dead root biomass pool when a vegetation is “killed” by operation, such as at harvest, by an operation that kills only a portion of the vegetation, and by root sloughing.  An operation that includes a “kill” process transfers all of the live root biomass at the time of the operation to the dead root pool.  An example is corn harvest.

A “kill” process is not used in an operation when only a portion of the current plant community is to be “killed” so that only a portion of the live root biomass is to be moved to the dead root pool.  (See section ?? for information on using “processes” to describe operations.)  A “kill” process would transfer the entire live root biomass to the dead root pool.  The operation would include a “begin growth” process to instruct RUSLE2 to begin using root biomass values from a new vegetation and would include the processes required to handle the aboveground biomass associated with the operation.  RUSLE2 compares the root biomass value of the previous vegetation on the date of the operation and the first root biomass value for the new vegetation.  If the first root biomass value in the new vegetation is less than the root biomass value for the previous vegetation on the date of the operation, RUSLE2 determines the difference and adds the difference to the dead root biomass pool.


An example of a rye cover crop interseeded into silage corn before the corn is harvested illustrates how RUSLE2 handles these root biomass values. Root biomass values for this cover-management system are illustrated in Table 6.20.  The rye is seeded and begins to grow before the corn is harvested and continues to grow after the silage corn is harvested to provide vegetative cover through the winter and biomass in the spring when next year’s corn crop is planted.  Two vegetations are used to describe this cover-management system.  The first vegetation is a combination corn-rye where the first part through day 90 represents only corn growth.  After day 90 when the rye is seeded, the values for the root biomass reflect both the corn and rye growing.  Had the rye not been interseeded, the root biomass values for the corn would have remained at 950 lbs/acre per inch depth until harvest.
    

A silage harvest operation on day 150 does not include a “kill” process to kill the corn, even though the corn is actually killed in the field.  The silage harvest operation includes processes to properly handle surface biomass and a “begin growth” process that tells RUSLE2 to begin using data from the vegetation interseeded rye after corn silage. The root biomass of 120 lbs/acre per inch depth on day zero represents the state of vegetation when RUSLE2 begins to use data for that vegetation.  The root biomass for corn-rye vegetation (the previous vegetation) on the day of the silage harvest was 1380 lbs/acre per inch depth, while the root biomass for the interseeded rye after corn sillage on day zero was 120 lbs/acre per inch depth.  RUSLE2 assumes the difference of 1260 lbs/acre per inch depth is dead root biomass, which represents the change in live root biomass from “killing” the corn and allowing the rye to continue “growing.”  RUSLE2 adds this difference to the dead root biomass pool.   

 Root sloughing, similar to canopy senescence, is an important source of dead root biomass for perennial and similar types of vegetation.  The amount of root sloughing in a year ranges from about 25 to 40 percent of the root biomass.
  RUSLE2 represents root sloughing by the decrease in the root biomass during the year, much like RUSLE2 determines senescence by a reduction in canopy.  Input values for root biomass should increase when growth occurs and decrease after plant maturity when root biomass is being lost by root sloughing.
   Roots develop more rapidly than does canopy and reach maturity while the canopy is still adding biomass.  Root sloughing can be assumed to either precede or parallel canopy senescence. Values for the temporal distribution of root biomass can be manually developed and entered for vegetations in the RUSLE2 database.  Also, RUSLE2 includes an easy-to-use procedure that can be used to construct temporally varying root biomass values based on dates of maximum and minimum root biomass and root biomass values at those dates.  RUSLE2 also has a procedure that estimates root biomass using built-in values for the ratio of root biomass to above ground biomass production for selected plant communities.  See the section ?? that describes the vegetation component of the RUSLE2 database for additional information.

RUSLE2 determines the amount of root sloughing on each day by comparing the root biomass values on a given day with the root biomass on the previous day.  RUSLE2 assumes that a in root biomass from one day to the next is caused by root sloughing and adds the amount of the decrease to the dead root biomass pool.  

6.4.2.5.6. Spatial non-uniformity of soil biomass

The biomass for live and dead roots and buried residue is spatially non-uniform for row crops, widely disperse plants like clumps of shrubs and grass on rangelands, and tree seedlings in a forest.  However, RUSLE2 assumes that all soil biomass is uniformly distributed, even when the operation only disturbs a portion of the soil surface.

6.4.2.5.7. Assigning input values that determine soil biomass

The amount of soil biomass is a critical variable in determining how a cover-management system affects soil loss.  The three principal sources of soil biomass are from live root biomass, plant litter and crop residue, and externally added residue.  The mass of external residue is based on dry matter and is known.  Root biomass values for a vegetation should be selected by comparing the vegetation’s characteristics with those of vegetations in the RUSLE2 “core database.”  When selecting root biomass values for a particular vegetation, the role of fine roots versus coarse roots will have to be considered.  For example, even though carrots and potatoes make up root biomass, their mass is not considered in assigning root biomass values because those “coarse roots” have little effect on soil loss.  In cases where some credit is to be taken for coarse roots, some, but not all, of their biomass is entered along with the biomass of the fine roots.  

Do not make field measurements of root biomass values to determine input values for RUSLE2.  Measuring root biomass is very difficult, tedious, and tiresome and should only be done in a research setting.  Large errors are common unless extreme care is taken and even then the results may show much variability.  The ratio values in the RUSLE2 “core database” used to determine root biomass values for rangeland plant communities have been chosen based on measured soil loss values obtained during rainfall simulator experiments.
  Other root biomass values in the RUSLE2 “core database” have been selected from the research literature and these values were used when equation 6.31 was fitted to soil loss data.  


The other major source of soil biomass is from decomposition of plant litter and crop residue on the soil surface and from the incorporation of crop residue into the soil.  The amount of plant litter is determined by senescence of the plant canopy and the amount of biomass associated with that loss of canopy.  The amount of residue produced by a crop is determined by the residue to yield relationships defined for the crop and is entered in the vegetation component of the RUSLE2 database.  The other important factor that determines the amount of buried residue is the flattening, burial, and resurfacing ratios used to describe operations in the operation component of the RUSLE2 database.

6.4.2.6. Soil consolidation

A mechanical disturbance loosens soil and increases its erodibility, which in turn increases soil loss.  After a mechanical soil disturbance, soil erodibility decreases as soil primary particles and aggregates become cemented together by wetting and drying and other soil processes, which is the main soil consolidation effect.  A mechanical soil disturbance decreases the bulk density of soil.  Increases in soil bulk density do not greatly reduce soil erodibility. 

6.4.2.6.1. Soil consolidation effect

Figure 6.15 is a plot of the soil consolidation subfactor Sc as it decreases with time after a mechanical soil disturbance.  The soil is assumed to be 0.45 times as erodible at full consolidation as it is immediately after a disturbance.  A soil disturbance resets the soil consolidation subfactor to 1 and it begins to decrease again with time.  Seven (7) years is normally assumed for the time for the soil to become fully consolidated after a mechanical disturbance in the Eastern US where rainfall events are sufficiently frequent for the soil to experience repeated wetting and drying cycles required for the cementing process (See section 6.2.8).  RUSLE2 will compute times to soil consolidation up to 25 years for areas where average annual precipitation is less than 20 inches (500 mm) to reflect less opportunity for wetting and drying cycles.

The soil consolidation effect is greatest for those soils that have the greatest and most active cementing agents.  These agents are most closely related to clay and organic matter particles because of their high specific surface area.  Thus, the soil consolidation effect is greatest for soils having a high organic matter content, characteristic of cover-management systems involving a high level of soil biomass.  The effect of organic matter content as affected by cover-management system is captured in the soil biomass subfactor Sb computed with equation 6.31.

The soil consolidation effect is also a function of soil texture because of the role of clay in cementing soil particles.  The soil consolidation effect is greatest for fine textured soils with a high clay content and least for coarse textured soils with a low clay content.  However, RUSLE2 does not consider the effect of soil texture on the soil consolidation subfactor.
  

6.4.2.6.2. Importance of soil consolidation factor to other variables

The soil consolidation subfactor has indirect effects in RUSLE2 by being a variable in equations used to compute values for other cover-management subfactors.  For example, the consolidation subfactor Sc is used in equation 6.31 to compute values for the soil biomass subfactor Sb.  The soil consolidation subfactor is used to compute the rill-to-interrill erosion ratio in equation 6.10 where soil consolidation is assumed to reduce rill erosion much more than interrill erosion.  The ratio of rill-to-interrill erosion affects the slope length effect and the ground cover subfactor Gc.  Mulch is assumed to have reduced effectiveness on steep, cut construction slopes, which are detected in RUSLE2 by a low soil consolidation subfactor and low soil biomass values.

The soil consolidation subfactor is also a variable in RUSLE2 equations used to compute runoff index values (curve numbers) and runoff, which is used to compute how support practices affect soil loss (see section ??).  For example, when the soil is consolidated (i.e., Sc values near 0.45), infiltration is assumed to be low and runoff high if no soil biomass is present.  A construction site where a surface soil layer was cut away without disturbing the underlying soil represents this condition.  However, if the soil is undisturbed, which is indicated by a low Sc value, and contains a high level of soil biomass, infiltration is assumed to be high and runoff low.  This condition represents a high production permanent pasture.

An undisturbed soil is required for a layer of high organic matter to develop at the soil surface on range, pasture, and no-till cropland.  The soil consolidation subfactor is used as an indicator of the potential for this layer to develop.  This effect is captured in equation 6.31 for the soil biomass subfactor Sb.

The portion of the soil surface that is mechanically disturbed during a cover-management system determines the overall effect of soil consolidation.  The effects of the portion of the soil surface disturbed and the soil consolidation subfactor are illustrated in Figure 6.42 for a no-till corn cropping system at Columbia, MO.
  One of the curves in Figure 6.42 is where the only soil disturbance is by a no-till planter that disturbs the soil in strips for a place to plant the seeds.  The portion of the soil surface disturbed by the planter was varied from none to full width disturbance.  No other variable such as burial ratio that would normally vary with the portion of the soil surface disturbed was changed. Thus the only effect represented is the effect of soil consolidation as reflected by portion of the soil surface disturbed. The other curve is where a fertilizer injector that disturbs 50 percent of the soil surface precedes the planter.  Portions of the soil surface disturbed by the planter were varied while the 50 percent portion disturbed by the fertilizer injector was fixed.  

The ratio of soil loss for the no-till planter with no disturbance and without the fertilizer injector to soil loss with full disturbance in Figure 6.42 is 0.04, which is much more effect than the 0.45 value for the full soil consolidation subfactor for no disturbance.  The additional effect beyond the 0.45 is related to the effect of the soil consolidated subfactor on the soil biomass subfactor as computed with equation 6.31, the reduction in depth over which buried residue mass is averaged for equation 6.31 as the soil consolidation subfactor decreases, the reduced slope length effect as the soil consolidation subfactor decreases, and decreased ground cover subfactor values as the soil consolidation subfactor decreases. 

The second curve in Figure 6.42 where a fertilizer injector precedes the no-till planter illustrates the importance of considering all soil disturbing operations in a cover-management system instead giving attention solely to a single operation like a planter or drill.  Varying the portion of the soil surface disturbed by the planter when it follows the fertilizer injection that disturbs a relative large portion of the soil surface had relatively little effect on soil loss.  The fertilizer injector is the dominant operation in terms of the soil consolidation subfactor effect.  Most of  the benefits of no-till cropping are lost by the fertilizer injector so adjusting the portion of the soil surface disturbed by the planter had little effect on soil loss.

6.4.2.6.3. Definition of mechanical soil disturbance

Operations that seed crops like corn, soybeans, and wheat in rows and that inject fertilizer and manure with thin shanks disturb only strips of soil and not the entire soil surface.  An important input value, as illustrated in Figure 6.42, is the portion of the soil surface disturbed by each operation.  The definition of mechanical soil disturbance is required to assign values for the portion of the soil surface that is disturbed by an operation.  


When an operation displaces soil, the source area of the soil is included in the soil surface disturbed and the receiving area is included under certain conditions.  The receiving area is not included in the area disturbed if the resulting soil depth from the displaced soil is so thin, less than 0.5 inch (10 mm) as a guide, that it has little effect on detachment by raindrop impact (interrill erosion) or detachment by runoff (rill erosion).  The soil surface should be essentially level after an operation to assign a low value to the portion of the soil surface disturbed.  The receiving area is included in the disturbed area if the surface residue and soil were mixed by the operation or any high organic matter soil layer at the soil surface was disrupted. The receiving area is included in the area disturbed, even though the surface residue has not been mixed with soil or high organic matter layer at the soil surface has not been disrupted, if displaced soil is deeper than about 0.5 inches (10 mm) such that significant amounts of interrill and rill erosion occurs because of exposed bare soil.  Ridges and furrows are an indication of a high portion of the soil surface disturbed, especially where soil thrown from either side meets to form the ridge.  Machines and implements, like scarifiers and hoe drills, that involve shanks and shovels typically disturb a greater portion of the soil surface than implements that involve straight coulters.  However, concave coulters and disks can throw large amounts of soil, resulting in almost the entire surface being disturbed.  

6.4.2.6.4. How RUSLE2 handles strips

RUSLE2 does not keep track of individual strips of disturbed areas through time.  RUSLE2 maintains only a single composite soil consolidation subfactor value at any time.  When an operation occurs that disturbs only a portion of the soil surface, RUSLE2 computes a composite soil consolidation subfactor value based on the portion of the soil surface that is disturbed by using a subfactor value of one (1) for the portion of the soil surface disturbed and the subfactor value at the time for the undisturbed portion at the time of the operation.  This composite soil consolidation subfactor value is used in the RUSLE2 soil consolidation subfactor equation, represented by Figure 6.15, to compute an effective time after last soil disturbance.  Accounting for time after a soil disturbance starts with this effective time after last disturbance and proceeds.  

6.4.2.6.5. Assigning values for portion of soil disturbed

A value of one (1) is assigned to the portion of the soil surface disturbed for most full width operations like scarifiers, moldboard plows, offset disks, tandem disks, chisel plows, and field cultivators.  The portion of the soil surface disturbed for implements like row cultivators, planter, drills, and fertilizer and manure injectors that disturb strips of soil may be, but are not necessarily, less than one (1).  Values for the portion of the soil surface disturbed selected for these operations should be consistent with values assigned to comparable operations in the RUSLE “core database,” which should be consulted first before values are assigned to new operations being put in the operation component of the RUSLE2 database.  However, the portion disturbed can depend on local conditions, specific machines, and individual operators.  Thus, input values may need to be adjusted from the “core values” based on the guidelines in section 6.4.2.6.3.  

Blading and grading used in construction operations must be carefully considered when a value for the portion of the soil disturbed is assigned to these operations.   A grading operation for fill material should include a “disturb soil” process that uses a value of one (1) for the portion of the soil surface disturbed, even if the soil has been compacted with a roller or other compaction device.  Compacting the soil does not greatly reduce soil erodibility.  Repeated wetting and drying and related soil processes must occur to cement the soil particles for the soil to be “consolidated.” A zero (0) is assigned to portion of the soil surface disturbed for a grading operation that cuts and removes a soil layer and leaves the lying soil undisturbed.  Thus, RUSLE2 assigns a value of one (1) for the soil consolidation subfactor for a fill slope and a value of 0.45 to a cut slope.  However, if the cut slope has been ripped with a scarifier, disked for a seedbed, or mulch crimped in, a value is assigned to the portion of the soil disturbed according to the guidelines in section 6.4.2.6.3. 


6.4.2.7. Soil moisture

The level of soil moisture affects infiltration and runoff to some degree at all locations.  However, the effect is least where large amounts of rainfall frequently occur such as in the Southeastern US.  The effect is more pronounced in the Western portion of the Great Plains in the US.  Soil moisture is removed by growing crops depending on the type of crop and its production level.  Soil loss is less following a crop that extracted much of the soil moisture in a low rainfall area.  This effect is especially pronounced in the NWRR where rainfall is relatively low and environmental conditions associated with timing of rainfall and the freezing and thawing of soil under either high or low soil moisture content.  A soil moisture subfactor is needed in the NWRR for Req applications to account for these special effects.  

6.4.2.7.1. Soil moisture subfactor effect

Values for the soil moisture subfactor Sm are illustrated in Figure 6.43.  Subfactor values are 1 when the soil profile is “filled” relative to the unit plot and less than 1 when the soil profile is depleted of moisture relative to the unit plot.


As Figure 6.43 illustrates, the effect is a function of both location and type of crop.  Soil moisture subfactor values are lower at Walla Walla than at Pullman because of less precipitation.  Also, the values are lower following wheat than following spring peas because of the water usage difference between the two crops.  As always, the values for the soil moisture subfactor are one (1) for unit plot conditions.

6.4.2.7.2. Assigning input values

An input value is assigned to each vegetation.  Values are listed in the RUSLE2 “core database” that can be used as a guide for assigning input values used in the soil moisture subfactor.

The variables in the cover-management component of the RUSLE2 database are listed in Table 6.16.

Table 6.16. Variables in the cover-management component of the RUSLE2 database.

Variable
Comment

List of dates
List of dates for the operations used to the cover-management condition (practice)

List of operations
Name of operation in operation component that RUSLE2 “pulls information used to describe operation, Operations are events that change vegetation, residue, and/or soil, list of operations used to describe the cover-management condition (practice)

List of vegetations
Name of vegetation in database having the information required by RUSLE2 to represent the effect of vegetation for the period that a particular vegetation is present, only vegetation exists at a time in RUSLE2

Yield
Identifies production level (yield) in user defined units

Operation depth
Specifies the depth of operations that disturbs the soil, default value is “recommended” value in Operation component of database, can enter a different value

Operation speed
Specifies the speed of operations that disturbs the soil, default value is “recommended” value in Operation component of database, can enter a different value

External residue
Name of material added to soil surface, uses name to “pull” data from residue component of database.  Residue refers to material added to the soil, vegetation produces plant litter and crop residue, external residue is material other than material associated with the vegetations in the management, typical external residue includes manure and mulch (applied erosion control materials),

Residue added/removed
Mass (weight) of material added when external material is applied or the amount of plant material added from the “current” vegetation

Cover from residue addition
Portion of soil surface covered by the added external or vegetation material, not the actual cover when covers exists at time of application

Vegetative retardance
Refers to the degree that the vegetation slows surface runoff

Cover-Management Systems

A cover-management system is described in RUSLE2 by selecting operations, vegetations, and dates needed to define the system or practice.  The best way to describe management systems in RUSLE2 is to open a management object (window) and follow through the entries in the following steps.

SELECT A MANAGEMENT SYSTEM

(see below where material was moved)

To compute a soil loss estimate, a management system is selected.  In addition to selecting the management system from the management database, values have to be entered for the additional variables of is this a rotation, length of rotation, and management alignment offset.

Answering Yes to the question is this a rotation causes RUSLE2 to proceed through the list of operations in the selected management system and continuously cycle through the list.  The length of rotation of is the number of years in the cycle before the first operation is repeated.  A rotation can be 1 year or multiple years.  A rotation can be a single crop grown in repeated years, such as continuous corn.  It can be a multiple year rotation.  A cycle of corn and soybeans is a two-year rotation.  A cycle of corn, soybeans, and wheat is a three rotation.

Multiple crops can be grown in a single year.  In a one-year rotation, planting and harvest need not be in the same year.  The length of rotation is the duration in time between the beginning and end of the rotation, not the number of calendar years involved.

Operations need not occur in every year of the rotation.  For example, corn could be grown in one year and the land left idle with absolutely no operation in the second year.  The length of this rotation is two years.  This system is a corn-fallow rotation.

RUSLE2 scans the list of dates in the management system can chooses a length of rotation.  This value should be checked to make sure that it is correct.  For example, in the corn-fallow system, RUSLE2 would choose 1 yr for the length of rotation when the correct length is 2 yr.  The correct value of two years can be entered to override the 1 yr value determined by RUSLE2.

However, entering a no operation operation in the list of operations with a date in the second year of the rotation will cause RUSLE2 to properly determine the length of rotation.  

The entry for management alignment offset is used to describe rotational strip cropping, which is discussed in a later section.

The question is this a rotation is answer nowhere the management practice is not a rotation, like on a construction site or a reclaimed mine.  RUSLE2 starts with the first operation and runs for as many years as necessary to move the dates in the management object.  When RUSLE2 is applied with a no-rotation, the proper initial conditions must be set up using the operations on the first day. Unless a soil disturbing operation is specified, RUSLE2 assumes the soil is fully consolidated.  To create a “loose” soil, use a soil disturbing operation on the first day that creates the desired roughness.  Also, the slope may have vegetation on the first day.  Use an operation with begin growth and a corresponding data file to create the desired vegetation conditions.

Sometimes RUSLE2 will need to run for a time to create a particular condition. Specify the necessary dates in the management object.  For example, the time of interest may be in the third year after the initial condition.  Use an appropriate operation on the desired calendar date with year 1 as the year.  Then the next date can be the same calendar date with year 3 as the date.  Use the “no operation” operation to have RUSLE2 display the desired information without affecting the erosion computations.

MANAGEMENT OBJECT

1. Open a management object for a particular management.  Open a management similar to the one being created.  Often editing an existing management file is easier than creating a new one.  Immediately save the management under a new name that will be used for the management about to be created.

2. Enter a value for the long-term natural roughness.  The typical value used for tilled cropland is 0.25 inch, but the value is typically about 0.6 inches for permanent pasture and similar lands.

3. Prepare a list of dates, operations, vegetations, and additional information as needed.  The main element of the management practice is the list of dates, operations, and vegetations.  Additional information is may be needed for special operations.  The “+” and “-“ keys can be used to insert or delete individual lines.  Also, the right mouse key can be used to edit including copying and pasting within the management practice or from other management practice stored in the management database.

4. Enter the date for the first operation and select the operation that occurs on that date.   Multiple operations can be entered on the date.  For example, multiple operations can be entered on the same date to represent the effects of complex implements like a harrow being towed behind a tandem disk.

  Each operation that involves a disturb process (see the later section on Operations for detailed information on processes are used to describe operations) has a speed and depth input that can be changed in the management object.  The default values for these variables are the recommended speed and depth values entered in the operation data file for the particular operation.  These defaults values can be changed in the management object within the maximum and minimum limits specified in the data file for the particular operation.

5. Enter the particular vegetation for those operations that include a begin growth process.  The default value displayed for yield in the management object is the base yield in the particular vegetation that was selected. If the default yield is not the desired yield, a different yield value can be entered and RUSLE2 will adjust values in the vegetation data for the new yield.

The vegetation data file selected must have a maximum canopy cover less than 100% in order for another yield can be substituted for the default yield.

The manage object displays a value for the amount of ground cover in units of both mass and percent cover from residue at certain points, such as at harvest.  This residue amount can be changed to a different value if desired.

RUSLE2 adjusts retardance class as a function of yield.  The user can change the retardance class in the management object if it seems that RUSLE2 did not make the desired selection.

6. If necessary, select added material and amount. Operations like that those add manure or mulch require selection of a residue from the residue database to represent the added material.  This selection is made in the management object from the residue database.  Also, a value for the mass (dry basis) added must be entered in the management object as well.

7. Enter notes.  Open the Info folder and add notes that might include information such as the date of creation, who created the file, and special information that should be considered when the management file is used.

8. Save. Save the new management under the new name.

VEGETATION

The main purpose of the vegetation object (window) is to define characteristics that describe how vegetation affects soil loss for particular vegetation.  Information used to describe a vegetation include identifying a residue to associate with the vegetation and entering values for yield, root biomass, canopy cover, fall height, and live ground cover.  Also, data are entered that define the relations of yield to above ground biomass that becomes residue and the degree that the vegetation retards runoff.  

Information that describes the residue assigned to the vegetation is entered in the residue object (screen).  Information used to describe how residue affects soil loss include values that determine how rapidly the residue decomposes on the soil and buried in the soil, the percent ground cover that a given amount (mass) of flat residue gives, and a residue type related to the size and toughness of residue pieces that influence the amount of residue that is flattened, buried, and resurfaced by a particular operation.

The guidelines follow the steps used to enter information for a vegetation object.

Steps

1. Open a vegetation file: Open an existing vegetation file for a vegetation that is similar to the vegetation for which you are creating a new vegetation file.  Immediately save this file using the name that you have chosen for the new vegetation file.

2. Select a residue: Select a residue from the lists of available residue objects to associate with this particular vegetation.  The same residue object can be used for multiple vegetation objects.  For example, several corn objects can be developed based on days to maturity.  The same residue object can be used for these corn objects.

You will need to create a new residue object if an acceptable one doesn’t exist.  Refer to other instructions for creating residue objects.

3. Yield definition: Yield is only important in RUSLE2 because the amount of residue, root biomass, canopy, and green ground cover depend on yield.  Defining yield involves entering a yield unit (e.g., bushel) and the dry weight of each unit.  The input value for yield is the number of yield units.  The unit used to define yield is entirely arbitrary.  Typically a common measure of yield is used, but you can create your own unit.

4. Yield-residue points: The equation “residue mass = a + b * yield mass” is used to estimate the amount of residue at the time that the vegetation is killed by an operation.  Residue is defined as the vegetative material that could possibly end up on the soil surface by harvest, senescence, flattening, or falling over by natural causes.  “Killing the vegetation” moves the live above ground biomass into the standing residue pool and the live root mass into the dead root mass pool.  

Values for above ground biomass at two yield data points are entered and used by RUSLE2 to determine values for coefficients a and b.  Each data point involves a value for yield and a value for the amount of above ground biomass at maximum canopy associated with that yield.  The value entered for above ground biomass is the amount of biomass on a dry basis at maximum canopy rather than the amount of residue at “harvest.”  Entering the value for the above ground biomass at maximum canopy rather than at “harvest” allows RUSLE2 to account for senescence.

The values to enter for these data points can be obtained in one of several ways.  Residue-yield data may be available to either fit the equation to field data, or someone else may have fitted the equation to appropriate field data.  Use a plot of the equation and read off the residue and yield values for two data points on the line and enter those values.  

Be careful using research data because of it can vary greatly from study to study. Assemble as much data as possible and choose values that best represent the data as a whole.  

If these data are not available, values for the two data points can be estimated from information in Appendix D of Agriculture Handbook (AH) 703 where values are given for residue to yield ratios for particular crops for yield over a range.  Assume that the residue to yield ratio applies to the middle of the yield range.  Assume the midpoint of the yield range and the residue to yield ratio for the first residue-yield data point.  For the second data point, use the yield for the lower end of the yield range in AH703 and the residue-yield ratio times 1.1.  For example, the value for the residue to ratio value for corn in AH703 is 1.0. The residue to yield ratio value that would be entered for 50 bu/ac, the lower end of the yield range in AH703, would be 1.0*1.1=1.1.

Another way is to estimate the amount of residue at maximum canopy for a given yield and use this value for the first yield point.  For the second point, estimate the amount of above ground biomass at maximum canopy if yield is zero.  

Remember, the purpose of these data points is to account for residue, not yield.  Other than indicating values for other variables, yield is unimportant and accounting for biomass in grain is immaterial unless the biomass ends up on the soil surface as ground cover.  Soybean grain doesn’t end up on the soil surface, but pods around the grain do and should be counted as above ground biomass.

The information for these data points is entered on the “Describe Yield-Biomass Relationship” Object (window) by following the steps below.

a. Click on the “set” button to open the “Describe Yield-Biomass Relationship” object (window).  The information for two data points is entered.  

a. Enter the yield value for the first data point, which should be the higher yield.  The amount of above ground biomass for that yield can be entered in one of two ways.  One way is to enter the amount of above ground biomass for the yield and RUSLE2 will compute a biomass to yield ratio.   The other way is to enter a biomass to yield ratio and RUSLE2 will compute a biomass amount.  

b. Enter the values for the second data point.  

c. Click on apply or apply/close button when values for both data points have been entered.

5. Retardance: Retardance describes how vegetation slows runoff.  Retardance depends primarily on the type and density of vegetation.  For vegetation that is grown in rows, retardance must be specified in the two directions of rows on the contour perpendicular to the flow and row up and downhill parallel to the flow.  

No retardance is where the vegetation has little or no effect on runoff velocity.  Very high retardance is highest level of retardance, which is how dense, sod forming grass affects runoff velocity.  Select a retardance class between and including these two extremes based on how the vegetation slows the runoff considering both the type and density of the vegetation.  Crops at a typical populations and density are listed with each retardance class as to guide the selection of a retardance class.  

The selected row spacing along with the retardance class assigned for the vegetation grown in strips on the contour are used by RUSLE2 to internally assign a retardance class for the vegetation grown in up and downhill rows parallel with the flow. At one extreme, is vegetation grown on ridges where the vegetation has no effect on flow.  Keep in mind that the row spacing selection is made for rows that are up and downhill. The other row spacing at the same extreme as vegetation on ridges is a very wide row such that the overall effect of the vegetation on flow is minimal.   At the other extreme is random broadcast where the retardance is the same for both directions.  A class for row spacing is selected between these extremes based on the fraction of the flow that is affected by the stems and leaves of the vegetation.  For example, a narrow row spacing would be selected even though the vegetation is grown on ridges if the leaves touch the ground and slow the flow.  The spacings wide, moderate, narrow, and very narrow refer generally to 30, 15, 7, and 3-inch row widths, respectively.  Remember, the selection is to reflect the degree that vegetation slows the runoff, not a row spacing per se.

The retardance class used internally in RUSLE2 is adjusted as a function of stage of growth.  Also, RUSLE2 adjusts the base retardance class as a function of yield.  RUSLE2 uses values entered for two yield points to calibrate the equation used to make the adjustment as a function of yield. The following steps are used to enter these values.

a. Click on the “set” button to open the “Describe Yield-Retardance Relationship” object (window).  The information for two data points is entered. 

b. Select a retardance class for a high yield.   Enter a yield value that is near the highest yield that this vegetation file will be used to describe.  This yield need not be the same yield value used to describe the biomass-yield relationship.  Select a retardance class for this high yield.

c. Select a retardance class for a low yield.  The first consideration is to determine if a no retardance class applies at a yield greater than zero.  For example, a no retardance class is assigned at a corn yield of 100 bu/ac.  If the answer is yes, then enter the highest yield where the no retardance class is to apply, keeping in mind that RUSLE2 will assume the no retardance class for a yield slightly above the value entered.

If the no retardance class occurs at a zero yield, such as for a sod forming grass, select no for the question.  Enter the no retardance class for the retardance class at zero yield.  The other possibility is that the retardance class at a zero yield is greater than the no retardance class.  If so, enter the appropriate class for the retardance conditions at a zero yield.

6. Senescence: As plants like soybeans approach maturity, leaves fall from the plant to the ground, a process known as senescence.  This loss of biomass from the canopy results in a corresponding increase in biomass in the flat residue.  In most cases, only a fraction of the total above ground biomass of the vegetation is subject to senescence.  An estimate of that fraction is entered for the above ground biomass for senescence, using an estimate is on the high side to account for the fact that most of the biomass that experiences senescence is leaves.  The value of 0.6 seems to work well for crops like soybeans and cotton.  A high value, perhaps up to 1.0 is appropriate for some grass-type vegetation.

RUSLE2 multiplies this fraction by the amount of biomass at maximum canopy to obtain the mass of the residue that will be added to the soil surface.  The addition is distributed over time based on how the percent of canopy cover changes through time.

The fraction should be based on the amount of senescence that would occur if the plant were to reach “full” maturity.  Make sure that the dates for the temporal vegetation variables, especially percent of canopy cover, extend beyond the date that the vegetation is killed.  RUSLE2 estimates the amount of above ground biomass at the time that the vegetation is killed based on the date that the vegetation is killed relative to the date of maximum canopy and the dates in the percent canopy cover table.

Remember, the objective is to account for the material that experiences senescence rather than perfectly model senescence as a process.

Some plants lose percent canopy cover without canopy biomass falling to the soil surface.  An example is corn where the leaves droop as the plant approaches maturity.  For this and similar types of vegetation that lose canopy cover percent but not canopy mass before the vegetation is killed, enter a zero for the fraction of the above ground biomass that experiences senescence.

6. Moisture depletion rate: This variable is used only for the region of the US referred to as the Northwest Wheat and Range Region (NWRR) and a few other similar areas in the Northwestern part of the US.  This area includes the Palouse region.  Ignore this input unless RUSLE2 is being applied to NWRR.  Recommended values will be provided at a later date.

7. Yield: The data for above ground biomass, root biomass, canopy cover, fall height, and live ground cover are a function of yield.  Thus, a yield value must be entered using the yield units defined above.  If the yield is changed, then these other values must change as well.  The program computes an amount of above ground biomass from the entered yield value and the data entered for the yield points that define the relationship between yield and above ground biomass. 

Data files can be created for new yield values, or RUSLE2 will automatically change root biomass, canopy cover, fall height, and live ground cover as a function of yield by entering a yield value in the management object (screen).  At this point, make sure that the proper yield value has been entered for the root biomass, canopy cover, fall height, and live ground cover entered in the table.

Also, make that a yield has been chosen that gives a maximum canopy less than 100% if this vegetation data file is to be used as a base file for adjusting for new yields.

8. Enter temporal values: Enter dates and corresponding values for root biomass, canopy cover, fall height, and live ground cover in the table to describe how these characteristics vary through time over the listed dates.  The zero date corresponds to the calendar date that a “begin growth” process for an operation calls this particular vegetation. 

RUSLE2 uses a single vegetation at a time.  For example, RUSLE2 does not take information from a file one type of vegetation and combine it with information from the file for another vegetation to create a mixed plant community.  

The information used by RUSLE2 to describe vegetative conditions at any point in time comes from a single file.  Make the information in that file represents the composite conditions as they exist in the field.  

In monocropping, a single plant type is growing at a time.  Multiple plant types grow simultaneously on cropland with intercropping, pastureland, landfills, rangelands, and similar lands.  A single value at a given point in time is used for each vegetative variable like canopy fall height regardless of the how many plant types are growing.

Dates

Dates in a vegetation file are specified in days since the “begin growth” command calls this particular vegetation.  Dates are entered in one of two ways.  The first approach is to chose dates that occur at a regular interval, such as 15 days.  The 15-day interval was used in RUSLE1, and dates in RUSLE2 will be on a 15-day interval when data files are imported from RUSLE1.

In RUSLE2, the dates need not be on a fixed interval.  RUSLE2 assumes a linear variation between data points regardless of the dates that are entered.  If the vegetation doesn’t change over a time period, only dates at the beginning and end of the period need to be entered.  If values for a variable vary linearly between two dates, only dates at the beginning and end of the linear time period need to be entered.  Sufficient dates should be used in time periods where changes are nonlinear to give a good representation of the period.  Dates can be less than 15 days apart.

The last date in the file for a vegetation should be later than the date of an operation that kills the vegetation.  However, if the last date is less than the killing date, the values on the last date will continue to be used until the time that the vegetation is killed.

No time limit exists for the last date.  The last date for a vegetation file in RUSLE1 was limited to a single year.  In RUSLE2, the dates can go for as long as desired to represent the full duration of the vegetation, which can be multiple years.

Multiple files are sometimes used to represent certain conditions, like a hay crop where the vegetation is harvested and regrows.  

These characteristics of RUSLE2 emphasize that RUSLE2 uses a descriptive procedure to set important parameter values that affect soil loss rather than using a plant model.  The focus in creating and using vegetation files is to describe, not to model.

Root Biomass

For each date, enter a value for the root biomass in the upper four inches of soil.  RUSLE2 uses these values to estimate root biomass values throughout the rooting depth.  These values should be based primarily on the annual production of fine roots.  Large taproots have little effect on soil loss.

Root biomass increases through time from zero on day zero for seeded annual crops, but the root biomass can be greater than zero on day zero for plants that are transplanted.  On perennial vegetation, the variation of root biomass through time should be entered.  Root sloughing, similar to above ground senescence, provides soil organic material that significantly affects soil loss.  Entering a root biomass that does not vary through time causes RUSLE2 to miss this important organic matter pool and to overestimate soil loss.

In some cropping-management systems, one vegetation immediately follows another vegetation.  An example is a forage crop where vegetation grows back following a hay harvest.  This practice is represented using multiple vegetation files.  The canopy cover and live ground cover values for day zero of the regrowth are selected to represent conditions left by the hay harvest.  The canopy cover before harvest might be 100% and be 10% after harvest.  In contrast, the harvest is not assumed to affect root biomass.  Thus, the root biomass in the data file for the first vegetation should be the same at harvest as the root biomass for day zero in the data file for the second vegetation that regrows following harvest.

A critically important point is that RUSLE2 interprets any decrease in root biomass as root having died.  The difference in root biomass is moved into the dead root biomass pool, which can have a significant effect on soil loss.  This technique should be carefully considered when constructed data files for intercropping to ensure that dead root biomass is increased when the first crop is killed and the second crop continues to grow.

In a hay crop like alfalfa, the root biomass values should be the same before and after harvest. An intercropping practice is to seed a legume in small grain. When the small grain is harvested, the legume continues to grow.  The root biomass at harvest of the small grain is reduced to a lower value. The small grain was killed by the harvest but the legume continues to grow.  This decrease in root biomass is the amount of biomass that RUSLE2 transfers to the dead root biomass pool when the small grain is harvested.

A similar example is the emergence and growth of weeds in row crops in the Southern US.

Be careful in selecting root biomass values.  Measuring root biomass is very difficult and time consuming.  As a result, values in the literature vary over a huge range.  Many data sources need to be reviewed.  Consistency must be maintained between plant communities and the core data values assumed for RUSLE2.  RUSLE2 has been calibrated using the core values, and if values are chosen that are not consistent with the core values used to calibrate RUSLE2, then RUSLE2 may give very erroneous results.  Do not use root biomass values without checking them for consistency with RUSLE2 core values.

Canopy Cover Percent

Canopy cover is the portion of the soil surface covered by plant canopy.  Canopy is defined as vegetative cover that is above the soil surface that only affects raindrop interception but not surface runoff.  One way to estimate canopy cover is to first determine open space between plant rows and open space within the perimeter of the plant canopy and subtract this percent from 100.  Canopy cover can be estimated from photographs for certain crops like corn where live vegetation does not touch the surface.  A better approach for vegetation like that on pastureland where some of the live vegetation touches the ground is to lay out a transect and count the number of hits for canopy as well as dead and live ground cover.

Canopy Fall Height

Canopy fall height is the effective height from which intercepted rainfall falls from the plant canopy. This height is less than the height to the top of the canopy but greater than the height to the bottom of the canopy.  Fall height is a function of these variables as well as the shape of the canopy and the density distribution of the canopy with height.

Some plant communities like grass growing under shrubs have two distinct canopies.  If the under story is dense, it will be given main consideration in selecting a fall height.

Several procedures are available for selecting values for fall height.  One approach is to observe plants in the field or photographs and assign values.  Another approach is to use the transect approach where the height of the lower level at canopy at each point is measured.  Fall height is the average of those values.  A third approach is use estimation procedure in RUSLE2 that uses values to the top of the canopy, bottom of the canopy, shape of the canopy, and the height within the canopy where the densest part of the canopy is located.

To use on the RUSLE2 procedure, follow these steps:

a.  Click on the fall height set button on the vegetation object (screen) to use the RUSLE2 procedure to estimate fall.  This click opens the “adjust fall height” object (windrow).

The selections in the upper left portion of the new window are for information.  They provide a visual representation of canopy shape and the density distribution within the canopy.  If most of the canopy is concentrated near the bottom of the canopy, the overall effective fall height will be closer to the bottom of the canopy than to the top.  If most of the canopy is near the top of the canopy, overall effective fall height is nearer to the top of the canopy than to the bottom of the canopy.

The dates entered in the main vegetation object (window) are copied into the adjust fall height object (window).

b. Enter heights to the top of the canopy and the bottom of the canopy for each date.  RUSLE2 computes a fall height as each canopy height is entered that is based on the shape and density selection shown in the table on the right of the window.

c. Adjust for canopy and density in the table to the right by choosing the canopy shape and density distribution that best represents the vegetation.  These selections change the fall heights according to the new shape and density selections.  Notice that the change was made for all of the dates.

d. Adjust for different canopy shapes and densities through time. The table at the right is used to adjust fall heights as canopy shape and density changes through time.  For example, in the beginning growth stage, the canopy shape for wheat is a triangle with the canopy density near the bottom.  When the wheat is mature, the proper canopy shape is an inverted triangle, with the canopy density near the top of the plant.

Dates are entered to represent points in time where a new canopy shape or density distribution should be used.  Enter the dates for the midpoint of the time periods to be represented by a particular shape and density distribution, and select the appropriate shape and density for that time period.  RUSLE2 will compute a new fall height for those dates and interpolate fall heights for the other dates in the table to the left.

e. Apply the fall height values to the main vegetation file.   Once the desired fall height values have been filled in the table on the fall height object (window), click on the Apply or the Apply/Close button to place the fall height values in the main vegetation table.

Live Ground Cover

Live ground cover is live vegetation that touches the soil surface that affects raindrop impact and surface runoff in the same way that ground cover like crop residue, plant litter, and applied mulch affect soil loss. That is, live ground cover is one form of ground cover.  The percentage of the soil surface covered by live ground cover can be very high early in the plant growth stages and the vegetation is almost entirely composed of very low lying leaves.  As the vegetation grows and stems develops, live ground cover can decrease, even to the point that no part of the plant, other than the stems, touch the soil surface to provide live ground cover.  Entering a value for live ground cover is the way to reflect how basal area affects soil loss.

A value for live ground cover expressed as the portion of the total surface covered is entered for each date.

9. Develop a new growth chart: Type of vegetation and annual production level (yield) determine values for many of the vegetative variables that affect soil loss.  The effect of these variables is handled in RUSLE2 in one of two ways. 

One way is enter a yield value in the management object (screen) where a vegetation file is selected for the operation that has a “begin growth” process that calls the vegetation.  Selecting a vegetation file accounts for the type of vegetation and yield can be accounted for by entering a yield value.  Adjusting for yield in the management object (window) requires that the selected base vegetation file be for a yield where maximum canopy cover is less than 100%.   RUSLE2 will adjust root biomass, canopy cover, fall height, and live ground cover using this “base” data file for the vegetation.

The other way is to create a data file for each yield level, which was the approach used in RUSLE1.  The equations described in AH703 to adjust vegetation files for yields have been incorporated into RUSLE2 so that these adjustments do not have to be made by hand.  To use this approach to account for yield means that the begin growth operation calls the vegetation with the desired yield.

To create a vegetation file with a new yield, follow these steps.

a. Open an existing vegetation file for the particular type of vegetation.  Immediately save this file under the name that will be used for the new vegetation file that is about to be created.

b. Click on the “set” button “Develop a new growth chart based on yield” to open the “Develop new growth chart based on yield” object (window).

c. Select a base file for the given type of vegetation.  This file will be adjusted by RUSLE2 to produce a vegetation file for the new yield.  

The base data file must use a yield where the maximum canopy is less than 100%.  The equations for the yield adjustments require that the maximum canopy in the “base” data file be less than 100% required for the yield adjustment procedure to work. 

d. Enter the new yield. The first yield that is displayed is the yield for the “base” data file.   Enter a value for the second (new) yield that is displayed.  This yield can be greater or less than the base yield.  When the value for the new yield is entered, the new values for root biomass, canopy cover, fall height, and live ground cover are shown in the new growth chart.

e. Apply new values.  If the new growth values are satisfactory, click on the apply or the apply/close button to place the new values in the new data file previously saved for the new yield.

f. Save the newly created vegetated file under the new name.

RESIDUE OBJECT

The residue object describes properties of residue that are assigned to particular vegetations.  It is also used to describe properties of materials added to the soil surface or placed in the soil.  These materials include straw mulch, manufactured erosion control materials, manure, papermill waste, and pine needles.

Plant residue is composed of a mixture of plant materials including leaves, stems, pods, seeds, and roots.  The preferred way of treating residue would be treated each component individually, but approach was considered too complex for RUSLE2. Thus, values entered for residue variables are chosen to represent the main effect that residue has on soil loss.  For example, leaves decompose very rapidly and only stems are left after a short time after harvest for a crop like soybeans in the southern US where fall temperature and rainfall are high.  In contrast, soybean leaves persist longer in the upper Midwest US, and thus the leaves should be given greater consideration in selecting parameter values in the upper Midwest US than in the southern US.

Different residue files can be created for the same residue type can be created where different parameter values are used to represent such differences among location, soil types, management practice, and characteristics of the vegetation producing the residue.

The intent of RUSLE2 is to capture main effects, not all of the details from secondary effects.  However, RUSLE2 frequently has the capability to be calibrated to local conditions.

The material placed in the soil should be subject to decomposition, but inert materials like rock can be placed on the soil surface.  The following steps are used to create a residue file.

1. Open an existing residue file.   Open an existing residue object that is similar to the one being created and immediately save it under the new name.

2. Select a residue type.  Select a list of five residue types a residue type based on how the residue responds to tillage.  The fifth type of residue is a special case to represent rock and stone of gravel size.  The other four residue types related to plant materials.  The first residue type is for residue that is fragile and is typical available in small pieces that are easily buried.  This residue is typical of soybeans.  On the other extreme is residue that tends to occur in large, tough pieces.  This residue type is chosen for woody debris like that common to disturbed forestland and shrub-dominated rangeland.  In between is residue that primarily represents wheat and corn residue, where wheat tends to occur in smaller pieces than does corn.

A very important point to remember is that the residue types are defined only by the values ratios entered for flattening, burial, and resurfacing ratios.  The definitions are for convenience only to maintain consistency.
3. Enter values for decomposition coefficients.  RUSLE2 computes decomposition of residue at a location using daily average annual rainfall amount and temperature and a value for the decomposition coefficient that reflects how different materials decompose at different rates.  The intent of RUSLE2 is to reflect the main effects of material (represented by the decomposition coefficient) and location (represented by rainfall amount and temperature that varies with location).  RUSLE2 does not consider differences as a function of soil moisture as influenced either by evapotranspiration or soil texture.  However, some of these effects can be captured in RUSLE2 by assigning different values for the decomposition coefficient based on these variables. 

Enter values for the decomposition coefficients.  These values can be entered as a coefficient value or as a half-life value.  The half-life is the time required for half of the residue to decompose at the optimum temperature of ?? where moisture is not limiting. These conditions represent the fastest possible decomposition rate.  The actual decomposition rate in the field as computed by RUSLE2 is less than this rate.  Values for decomposition coefficients are given in AH703.

A different value can be entered in RUSLE2 for the decomposition of materials on the soil surface than buried residue.  However, while the expectation is that decomposition occurs more rapidly in the soil than in the soil, the research data used to derive decomposition coefficient values for RUSLE2 were inconclusive regarding differences in values for these decomposition coefficients.

The value for the decomposition of buried residue is used for the decomposition of dead roots.  No option is available in RUSLE2 for choosing separate values for the two types of residue.

4. Enter values for mass-cover relationship.  Residue is tracked in RUSLE2 on the basis of mass.  However, the effect of flat residue, which is residue laying flat on the soil surface, is better described by the portion of the soil surface that the residue covers rather than mass of residue.  The mass-cover relationship used in RUSLE2 is percent = [1.0 – exp(-a*mass)].  The values entered for the mass-cover pairs is used by RUSLE2 to determine a value for the coefficient a in this equation.  Although space is provided to enter values for three pairs, actually data need be entered for only one pair.  If data are entered for two or all three pairs, the data will be averaged to determine a value for the coefficient a.

5. Enter notes.  Open the info folder and enter pertinent notes.

6. Save.  Save the residue file under the new name.

OPERATIONS

Operations are discrete events that change properties of live vegetation, residue, and/or the soil that affect soil loss.  Examples of operations include tillage, planting, harvesting, grazing, burning, frost, ripping, and blading.

The main element of operations is the processes that describe how operation affects vegetation, residue, and the soil.  Both the processes themselves and their sequence determine the effect of an operation.  Some processes have parameters that describe the degree of the effect of a particular process.

Having a good understanding of processes is fundamental to developing operation files and applying them in RUSLE2.  The processes used to represent operations in RUSLE2 are:

No effect

Begin growth

Kill vegetation

 Flatten standing residue 

Disturb surface

Live biomass removed

Remove surface cover

Add other cover

RUSLE2 maintains two types of vegetation, which are live and dead.  It also tracks vegetation as that above ground and below ground.  Below ground vegetation is referred to as roots, which are accounted for in the pools of live roots and dead roots.  Above ground biomass is tracked in two pools of live vegetation and residue.  The three pools of residue are maintained by RUSLE2.  These pools are standing, flat, and buried.  Two types of surface cover are used in RUSLE2, which are canopy and ground cover.  Canopy cover is material that is above the soil surface that intercepts rainfall but does not affect surface runoff.  Ground cover is material that is in direct contact with the soil surface and affects both raindrop impact and surface runoff.  The processes mentioned above and described below are used in operations to move biomass among these various pools.

With three exceptions, the processes listed are used in RUSLE2 to transfer residue among these pools. The first exception is that senescence directly transfers biomass from the live biomass pool to the flat residue pool.  The second exception is that natural processes can transfer standing residue pool to the flat residue pool as standing residue “falls” over.  The third exception is that as flat residue decomposes, a portion of the decomposed biomass is arbitrarily added to the buried residue soil biomass.  This procedure builds up organic matter in the upper layer of soil that is characteristic of no-till cropping and pasturelands having large amounts of litter. 

Description of the Processes used in RUSLE2 Operations

No Effect: The “no effect” process has just that, no effect.  It is used in a “No Operation” operation to cause RUSLE2 to display information on certain dates and for certain periods.  Also, sometimes one user will place the “no operation” in a list of operations where another user will later substitute another operation.

Begin growth: The begin growth process is used by RUSLE2 to start a particular vegetation file and the use of data from the file.  The zero date in the vegetation file is assigned to the calendar date in the management object (window) for the operation that includes the begin growth process.  When an operation includes a begin growth process, the management object (window) requires an input for the vegetation name.

Kill vegetation: Begin growth begins use a vegetation file; kill vegetation ends use of a particular vegetation file, except for the residue information.  The specific effect of the kill vegetation process is to convert live above ground biomass to standing residue and live roots to dead roots.  It is used with many tillage and harvest operations that end vegetative growth.  It would also be used in a killing frost operation.

Standing residue remains as standing residue unless it is transferred from the standing pool to the flat pool by the flattening process in an operation, or the standing residue “falls” (transfers) to the flat pool as a result of natural processes computed as a function of decomposition characteristics of the standing residue.   

Flatten standing residue: The flatten standing residue process is used to transfer residue from standing residue to flat residue.  One obvious use of the flatten standing residue process is to flatten standing residue where a machine has travel over the ground.  This process is also used as a part of tillage operations that bury residue because RUSLE2 assumes that standing residue cannot be buried without first being flattened.  Another use of the flatten standing residue process is to determine at how the residue is distributed between standing and flat residue.  For example, about half of wheat residue is left standing, while only15% and 5% of the residue are assumed to be left standing for corn and soybeans, respectively.

The fraction of standing residue that is flattened depends on the type of residue. A value for the flattening ratio is assigned for each operation that includes the flattening process for each of the five types of residue used by RUSLE2.  The flattening ratio is defined as the ratio of mass of standing residue that is flattened to the mass of standing residue before the flattening process occurred.

The flattening ratio is greatest for those residue types that are most easily flattened by mechanical action.  When the flattening ratio is used to describe the distribution of residue between standing and flat at harvest, the value chosen for the flattening ratio depends primarily on the nature of the nature of the vegetation and the height of the harvest operation.

Disturb Surface: The “disturb surface” process always loosens the soil and makes it more erodible, transfers residue between the flat residue pool and the buried residue pool, and redistributes buried residue and dead roots within the soil.  

RUSLE2 follows several basic rules regarding transfer of residue among the standing, flat, and buried residue pools.  The soil must be disturbed to bury residue, or conversely, residue cannot be buried without disturbing the soil.  Residue must first be flattened before it can be buried, and thus a soil disturb process must be preceded by the flatten standing residue process.  In addition to flattening and burying residue, a soil disturb process resurfaces residue. 

The amount of residue that is flattened is described by the flattening ratio described above.  The amount of residue that is buried is described by a burial ratio defined as the ratio of mass of residue buried to the mass of flat residue before the burial process.  The amount of residue that is resurfaced is described by a resurfacing ratio defined as the ratio mass of residue brought to the surface to the mass of residue in the depth of the soil disturbance.  The mass of flat residue left after a disturb surface process is the net between the amount buried and the amount resurfaced.  The amount of flat residue can be either increased or decreased based on the amount of residue buried in the soil within the depth of disturbance.

RUSLE2 does not resurface dead roots, which are assumed to be bound to the soil mass.

Like the flattening ratio, values for these ratios are a function of the type of residue and the nature of the soil disturbing process.  Values for flattening, burial, and resurfacing ratios are placed in a table for each operation using flatten and soil disturb processes.

In addition to values for these ratios that must be entered in a table for the operation object (window), values must be entered for other variables associated with the soil disturb process.  These variables are: 

Tillage type: Tillage type refers to the pattern that the disturbance leaves residue in the soil following burial and the pattern that buried residue and dead roots are redistributed in the soil.  The tillage type inversion+some mixing is for implements like moldboard plows that invert the soil.  These implements tend to bury residue deep in the tillage layer. The type mixing only is primarily for implements like rototillers that do almost no inversion and only mix the soil.  These implements tend to bury residue near the soil surface.  The type mixing with some inversion is for implements like tandem disks, chisel plows, and field cultivators that primarily bury residue by mixing but also cause some inversion of the soil.  These implements bury more of the residue in the upper half of the tillage depth rather than in the lower half.  The type lifting, fracturing is for implements like subsoilers and fertilizer injectors that do almost no mixing or inversion and bury residue very near the surface.  The type compression is for operations like cattle trampling and a sheep foot’s roller that bury residue by pressing it into the soil without loosening the soil.

Tillage intensity:  Tillage intensity refers to the degree that the soil disturbance obliterates any roughness existing at the time of the disturbance.  A tillage intensity of 1.0 means that the roughness following the operation is totally independent of the roughness that existed before the operation.  A tillage intensity of 0.0 means that the soil disturbance has no effect on roughness.  A moldboard plow and a rototiller are assigned tillage intensity values of 1.0 because they completely rework the soil.  In contrast, a spike tooth harrow has a tillage intensity of 0.4 because roughness following a spike tooth harrow depends to a significant degree on the roughness that existed at the time of the operation.  For example, the roughness will be greater when the harrow follows a moldboard plow than when it follows a tandem disk.  Implements like field cultivators, tandem disks, and chisel plows have tillage intensity values that range from 0.5 to 0.9 depending on the “aggressiveness” of the implement.

Rec(ommended), minimum, and maximum tillage depths:  The amount of residue that a soil disturbance (tillage) buries increases as the depth of the disturbance (tillage) increases.  The value assigned for the burial ratio is the value that corresponds to the recommended depth.  Reasonable minimum and maximum operating depths are specified for an implement, and RUSLE2 will vary the amount of residue buried based on the working depth that must be between the minimum and maximum depths. Unless another value is specified for tillage depth in the management object (window), RUSLE2 uses the recommended depth as the working depth.

Ridge height: Soil loss increases as ridge height increases. More important, ridge height gives contouring its effectiveness.  Increased ridge height gives contouring increased effectiveness.  If RUSLE2 is not computing as much effect for contouring as desired, one possible change is to increase ridge height.  The value entered for ridge height is the height immediately after the ridge is formed.  Over time RUSLE2 reduces ridge height as a function of rainfall amount and interrill erosivity.

Initial roughness: The value entered for initial roughness value represents the roughness left by a implement for the particular standard condition of a silt loam soil and very high surface residue and root biomass.  This value is an index value and consistency should be maintained among implement types.  The effective roughness value that RUSLE2 uses to compute soil loss is increased for fine textured soils and decreased for coarse textured soils. In all cases, RUSLE2 decreases the effective roughness value as the amount of biomass involved in the tillage operation is decreased.  This effect is one of the main ways that RUSLE represents the effect of increases in soil biomass on improved soil quality and reduced soil loss.

Final roughness: A final roughness value of 0.25 inches is typically used in RUSLE2 to be consistent with the unit plot conditions used to define the soil erodibility factor K.  This roughness value represents the roughness at the end of a cropping season where a moldboard plow, tandem disk, field cultivator, and row cultivator have been used to till the soil.  The 0.25-inch roughness is nearly but not completely smooth, which would be a value 0.0 inches. The 0.25-inch roughness represents the roughness of a few erosion resistance clods that still have some influence on soil loss.

However, some operations can leave a smoother surface than 0.25 inches.  A rototiller used to prepare a very fine seedbed is one example.  The rototiller creates a soil mixture of almost uniform-sized aggregates and leaves almost no coarse aggregates in comparison to a moldboard plow to produce roughness.  Another example is where a bulldozer or a road grader cuts away soil leaving a very smooth surface. A value of 0.15 inches is used for these operations.

A value greater than 0.25 inches is entered for final roughness for some conditions.  An example is a pasture or rangeland where roughness develops over time with vegetation patterns such as bunch grass rather than a sod forming grass.  A final roughness of 0.6 inches is a typical value for this condition.

Surface area disturbed: Some operations like planters disturb only a portion of the soil surface.  A value for the fraction of the soil surface disturbed is entered.

Live biomass removed: This process removes live above ground biomass without killing the current vegetation.  Two variables are used to describe this process, which are fraction of the above ground biomass that is affected and the fraction of this biomass amount that is lost in the removal process.

Removal of live above ground biomass would in every case be expected to reduce canopy cover and perhaps live ground cover.  Either a new vegetation file is called in conjunction with this process or the canopy and live ground cover values are adjusted to reflect the effects of this process.  The best approach is use the “begin process” to start a new vegetation file.

The remove live biomass process is used in such operations as hay and silage harvests.  The purpose of hay and silage harvest is to remove a high percentage of the above ground live biomass.  A typical value for the fraction of the live above ground biomass that is affected might be 95%.  The portion not removed is left behind as live standing vegetation.  

The removal process is generally not completely efficient and leaves behind some biomass on the soil surface as leaf shatter.  This biomass is added to the flat residue pool.  The variable losses is used to account for the material left behind.  A typical value is 5%. To illustrate how these values are used, assume that the amount of above ground biomass might be 2000 lbs/acre.  Using 95% for the fraction of the above ground biomass that is affected, 1900 lbs/acre (2000*0.95) are affected in the removal process.  Using the 5% for the losses fraction, 95 lbs/acre (1900*0.05) are left behind on the ground as flat residue.  Note that the loss fraction is applied to the amount affected rather than the total biomass.

Fractions are used as the variables to describe the removal process for a particular reason.  A variable like height of removal could have been used, which would be a common measure used in a farming operation like hay harvest.  Using cutting height would have required dealing with height of the vegetation and the distribution of biomass within the plant height.  Using fractions, while not as immediately convenient as using a cutting height, gives RUSLE2 great power to allow users to control how RUSLE2 operates.

However, assignment of the fraction for the amount affected requires these considerations by the user.  That is, the fraction assigned for an operation used to harvest a very tall crop would likely be higher than one used to harvest a short crop.  Also, the fraction is a function of the height of cutting.  The intent is for users to develop typical operations for harvesting several classes of crops as the crops are typically harvested. 

Remove surface cover: The purpose of this process is to remove above ground residue that may be either standing or flat.  This process is used in operations such as burning and baling of straw.  It can also be used in operations to represent silage and hay harvests.

The first used to describe this process is whether the residue that is impacted is the current residue or all residues.  Baling of straw typically involves only the current residue whereas a burn might involve all residue.  

The second variable is the fraction of flat residue that is removed and the third variable is the faction of standing residue that is removed.  If only flat residue is removed without removing the standing residue, a value of 0.0 is entered for the fraction of standing residue that is removed.  If only standing residue is removed, a value of 0.0 is entered for the fraction of flat residue removed.  These fractions are based on mass.  Of course both standing and flat residue can be removed in the fractions that are assigned.

Add other cover: The add other cover process is used to apply mulch on construction sites and on in strawberry fields, manure and organic papermill waste to cropland, or to add material to both the soil surface and within the soil.  This process has a single variable associated with it, which is the fraction of the material that is added to the surface.  The remainder of the added material is assumed to be placed in the soil.  

If the add other cover process places some of the added material within the soil, a companion disturb surface process that determines where in the soil that the material is placed. The assumption in RUSLE2 is that material cannot be placed within the soil without disturbing the soil.  The amount and type of material that is added is set on the management object (window).

Combining Processes to Form Operations

Processes are combined in a particular sequence to represent operations.  

The sequence of the processes is critically important.  For example, the resulting flat residue cover, and thus computed soil loss, will be very different if it placed ahead of a disturb surface process than after it.  

RUSLE2 is not a model in the strict sense in terms of representing events and processes.  Rather, RUSLE2 computes soil loss based on values for variables that describe, not model, real world conditions. Thus, the user must understand how RUSLE2 works so that the proper steps can be followed according to RUSLE2 definition and rules to create the desired description rather than trying to mimic things as they occur in the real world.  

Principal operations used in RUSLE2 are ones that represent tillage, planting, harvesting, shredding, adding biomass, and burning.  RUSLE2 is almost limitless in the operations that can be created.  Selecting and combining processes will be described for selected operations to illustrate how RUSLE2 operations are created from processes.

Tillage: In general, three processes are used to describe a tillage operation.  These are kill vegetation, flatten standing residue, and disturb surface.  The order of the sequence is critical.  The kill vegetation process must come first for the operation to flatten and bury residue for vegetation that is currently growing at the time of the operation. The kill vegetation process converts the live biomass to standing residue.  The flatten standing reside process converts a portion, using the value assigned to the flattening ratio, of the standing residue to flat residue.  The disturb surface process buries a portion of the flat residue based on the burial ratio and resurfaces a portion of the buried residue within the tillage depth based on the resurfacing ratio. The combination of the residue that is buried and the residue that is brought back to surface determines the net residue left on the surface following the operation.

Most tillage implements like moldboard plows, chisel plows, and tandem disks are full width where the entry for the fraction of the surface disturbed is 100%.  However, the entry for fraction of the surface disturbed for tillage operations used to cultivate row crops is less than 100%, typically about 85%, which indicates that less than full width of the surface is tilled.  

Values assigned for burial ratios for less than full width tillage are based on full width whereas the value entered for roughness is for the portion of the surface that is disturbed. 

Planting: If vegetation is planted with a planter or drill that disturbs the soil surface, the two processes of disturb surface and begin growth are used.  These implements typically disturb only a relatively small portion of about 15% of the total surface.  If the vegetation is planted by aerial seeding or another method that does not disturb the surface, the only process that would be used is begin growth.  

If the vegetation is volunteer like weeds and begins growth on its own, an operation is still needed in RUSLE2 to begin growth where the only process in the operation is begin growth.  When RUSLE2 is applied to a permanent pasture, the vegetation is already established.  However, RUSLE2 also needs an instruction to read the data file that has the data for the permanent vegetation.  An operation with the begin growth process is used to start the vegetation.  

A begin growth process in an operation requires the entry in the management object (window) of the name an appropriate vegetation file.  The date of this operation must correspond with the zero date in the vegetation file.

Harvest of grain crops: The harvest of grain crops involves the removal of the grain without any removal of residue.  In most cases like corn, soybeans, and wheat, harvest kills the crop.  In a few cases like Raton rice in Texas, the crop is not killed, but regrows after the harvest.  

The two process of kill vegetation and flatten standing residue is used for the harvest of crops like corn, soybeans, and wheat.  The critical entry for this harvest operation is the flattening ratio.  Values for this ratio are typically 0.50, 0.85, and 0.95 for wheat, corn, and soybeans, respectively.  The ratio of 0.50 for wheat means that 50% of the above ground biomass is left as standing stubble whereas 15% and 5% are left as standing residue for corn and soybeans.  This percentage is related to the height that the vegetation is cut.  Corn stalks are cut off fairly close to the ground with modern combines whereas the flattening ratio might only be about 40% for corn harvested with an old style picker where most of the flattening occurs by the machine knocking over the stalks rather than the machine cutting off the vegetation.

Raton rice production involves two harvest operations.  After the first rice harvest, the rice re-grows and produces a second crop that is harvested.  The operation for the first rice harvest uses the processes of kill vegetation, flatten standing residue, and begin growth.  The kill vegetation process creates residue and converts all of the live roots to dead roots.  The flatten standing residue process determines how much of the biomass at harvest is left as standing residue.  The begin growth starts the Raton rice crop.  

Two vegetation files for the rice are used, where the first file is started uses a begin growth process in the operation that seeds the rice.  The second vegetation file is started with the begin growth process in the first rice harvest operation.  RUSLE2 cannot be configured in exactly the correct way for Raton rice production.  The preferred way to handle the first rice harvest would be to convert the above ground biomass to residue without killing the roots, but that capability is not possible in RUSLE2.  To offset this limitation, the root biomass in the Raton crop should start from zero and increase at the same rate that the dead roots are lost by decomposition.

The second harvest of the Raton crop uses a standard grain harvest operation.  The harvest operation for a non-Raton rice crop would be the same as the operation for a standard grain harvest.

Harvest of silage: When a crop grown for silage is harvested, live biomass is removed and the vegetation is killed.  Thus the two processes in a silage operation are remove live biomass and kill vegetation.  The entry for the amount of the live biomass affected is about 95%, which leaves 5% of the live biomass standing as live biomass. A value of about 5% is entered for the losses, which means that 5% of the biomass affected becomes flat residue, which represents leaf shatter left behind in the field.  The kill process converts the remaining live biomass to standing residue and the live roots to dead roots.  

Note that no flatten standing residue process was included because no residue was flattened.  The remove live biomass process left the proper amount of standing residue.

If a crop regrows after the silage harvest, see the operation for hay harvest.

Harvest of hay: When hay is harvested, live biomass is removed and the vegetation regrows. Thus, the two processes used to describe hay harvest are remove live biomass and begin growth.  The values for the live biomass removal are basically the same as for silage harvest.  

The begin growth process starts the vegetation that grows back after the hay harvest.  The canopy values on day zero should reflect the canopy left after harvest.  This value might 10% and 0.1 ft for canopy cover and fall height, respectively.  The values for root biomass on day zero should be the same as that on the harvest date.  Any decrease of root biomass from one day to the next is taken by RUSLE2 as a transfer of biomass from the live root biomass pool to the dead root biomass pool.

Shredding:  Shredding take place under several different conditions.  One case is the shredding of a crop, like a small grain, that kills the crop.  The processes in such a shredding operation would be kill vegetation and flatten standing residue.  The kill vegetation process converts all of the above ground biomass to standing residue.  The flattening standing residue process converts a portion of the standing residue to flat residue.  The value entered for flattening ratio in the operation describes the portion of the above ground biomass that ends up as flat residue.  That value depends on the height of the shedding, the height of the vegetation, and the distribution of the plant biomass with height.  A flattening ratio of 95% means that 95% of the above ground biomass at shredding would be added to mass of flat residue on the soil surface.  

Another case where a previously killed vegetation is shredded.  In that case, the process used in the operation is flatten standing residue.  The value assigned for the flattening ratio would be based on the height of shredding and the characteristics of the vegetation.

The third case of shredding is where regrowth of vegetation follows the shredding.  The processes for this shredding operation is remove live biomass and begin growth.  These processes are not exactly a model of the real world, but they create values that represent the real world.  The value entered for the fraction of the above ground biomass that is affected is the fraction of the above ground biomass that is shredded.  The value entered for losses would be 100%, which leaves all of the shredded biomass on the ground as flat residue.  The begin growth process starts the vegetation that comes back after the shredding.  Values for root biomass, canopy cover, fall height, and live ground cover should represent conditions immediately after the shredding.

Application of manure, mulch, and other biomass: The operation for adding biomass to the soil surface is the single process of add other cover.  The value for the fraction of the residue added to the surface is 100%.  A flatten standing residue process might be used if the machines applying the biomass flatten standing residue left by previous vegetation.

If biomass, such as manure, is injected into the soil, the two processes of disturb surface and add other cover in this sequence.  The fraction of the added biomass that is left on the surface is entered.  The remainder of the biomass is placed in the soil at the depth between one half of the tillage depth and the tillage depth.

Burning: The usual assumption is that burning kills vegetation and removes a portion of the residue.  The processes used in a burn operation are kill vegetation and remove surface residue.  The kill vegetation converts live vegetation so that the above ground biomass becomes residue and live roots become dead roots.  The entries are for whether the current residue or all residues are affected, the fraction of the standing residue that is removed, and the fraction of the flat residue that is removed.  

Killing vegetation with herbicide application: The processes for this operation are kill vegetation and possibly flattening standing residue if the herbicide is applied with a machine that pushes down vegetation to the ground.

Baling straw: When small grain is harvest, about half of the above ground biomass is left standing as stubble (standing residue) and the remainder is left as flat residue.  The process used for baling straw is remove residue.  The entries would be to remove the last residue rather than all residue.  The entry for the fraction of standing residue removed would be zero and the entry for the fraction of the flat residue removed is 100% to remove all of the straw.  A lower value could be used to reflect that the baling does not completely remove all of the straw.

Building Operation Files

Building an operation object (file) is involves three steps of entering values related to speed of the operation; flattening, burial, and resurfacing ratios; and the sequence of processes and entering values associated with those processes that require values to describe their behavior.

Steps

1. Open the file for an existing operation: Choose an operation that is similar to the operation being built.  The information already in the file can serve as a guide in creating the file for the new operation.  Also, only a small amount of information may need to be changed or added.

2. Save the file under a new name:  Immediately save the file using the name for the new operation.  Doing this step at this point prevents loosing the original when the new operation is saved using the save command rather than the save as command.

2. Enter values related to speed: Three values related to speed are entered.  Residue burial is a function of speed of the operation.  Generally, the amount of residue that is buried increases as speed increases.  The first speed is the rec(commended) speed, which is considered the typical manufacturer recommended speed.  The burial ratio entered is assumed to correspond to this speed.

Enter values for minimum and maximum speeds.  RUSLE2 will adjust the amount of residue buried for speeds between these two speeds.  The speed used by RUSLE2 is the speed in the management object (window).  The default speed is the value entered for the recommended speed.  That speed can be changed by entering another speed, but the value entered must not be outside of the range specified by the minimum and maximum speed entered in the operation object (window).

3. Enter values for flattening, burial, and resurfacing ratios:  Values are entered for these ratios only if the operation uses either a flatten standing residue process or a disturb surface process.  Refer to information on core values for guidelines on choosing values.

4. Select the processes, their sequence, and their parameter values:  Select the processes and their sequence that will be used to describe the operation.  Use the “+” button to add lines that can be used to select a process.  The “-“ can be used to remove unnecessary lines.  The list of processes can be displayed by clicking on the upside down arrow.

Some processes, like disturb surface, require that values be entered to describe the process.  Click on the “yellow folder” to the name of the process to open the window so that values can be entered to describe the process.

5. Save the new operation:  Save the new operation with the new name selected for the new operation.

Support Practices 

tc  \l 2 "Support Practices (P) Factor"The effect of cultural practices like crop rotations and conservation tillage on erosion is described by cover-management effects in RUSLE2.  The effects of supporting practices like contouring, stripcropping, buffer and filter strips, and terraces are described with specific equations for the effects of the these practices.  Most support practices affect erosion by redirecting runoff or reducing its transport capacity.  Redirection of the runoff frequently results in deposition and reduced erosion.  

Given the uniqueness of types of supporting practices, each will be discussed individually.

Contouringtc  \l 3 "Contouring"
Contouring is the practice of using ridges and furrows left by tillage to redirect runoff from a path directly downslope to a path around the hillslope.  If contouring is perfectly on the contour, the grade along the furrows is zero and water spills uniformly over the ridges along their length.  If furrows are not level, runoff flows along the furrows until it reaches low areas on the landscape.  Breakovers and ephemeral gully erosion can occur in these areas.

The effectiveness of contouring as measured on experimental plots and watersheds varied greatly.  For example, contouring reduced measured soil loss as much as 90 percent on a 6 percent slope in one study, while in another similar study, contouring gave no reduction.  In RUSLE2, this range has been partially interpreted as being the influence of ridge height and storm erosivity.  This range also partially represents the great variation in effectiveness of contouring in field situations.  Consideration of this variability emphasizes that RUSLE2 describes main effects of conservation systems rather than describing exactly how a particular system performs in every site-specific, field situation.

The effectiveness of contouring increases as ridge height increases.  A moderate ridge height in RUSLE2 represents the ridge height characteristic of conventionally tilled row crops that are cultivated once or twice.  Maximum ridge height is characteristic of the high ridges left by a lister or beds used in vegetable production.  The lowest ridge height is characteristic of that from drilling small grain.  

Ridge height, along with row grade, is the single most important variable that determines the effectiveness of contouring in RUSLE2.  If RUSLE2 is computing less contouring effect than expected, a possible reason is that ridge heights are too low.

RUSLE2 has been calibrated as closely as possible to use ridge heights that are measured in the field.  However, these measures may not always properly reflect how RUSLE2 should compute the effectiveness of contouring.  The best approach is to follow the values provided in the core data files supplied with RUSLE2.  Consistency must be maintained among operations.

If contouring is to be considered by RUSLE2, an operation must be used to create a ridge height.  Ridge heights decay with amount of rainfall and adjusted rainfall erosivity.  Also, ridge height that exists after an operation is that created by the operation.  Ridge height after an operation is totally determined by the operation, and the ridge height that existed before the operation has no effect on ridge height left by an operation.

Keep in mind that ridge height can rapidly decay so that the ridge height being used by RUSLE2 is much less than the ridge height that is entered for that left by an operation.

Dense or closely growing stems of stiff vegetation like mature small grains grown across slope slow runoff and acts like ridges.  RUSLE2 uses an effective vegetative ridge height based on the type of vegetation and the stage of growth.  RUSLE2 adds the effective vegetative ridge height to the soil ridge height for an overall ridge height.  The base value for the effective ridge height is set by the choice of the retardance class chosen for the particular vegetation in the vegetation object.  This class is adjusted based on yield and stage of growth.

The effectiveness of contouring decreases as runoff increases.  Experimental field data showed that as much soil loss can occur with contouring as with up and down hill tillage during very severe storms.  Therefore, RUSLE2 uses the rainfall amount estimated from the erosivity of the (EI30)10 storm and the NRCS runoff curve number method to compute a runoff value that in turn is used to compute the effect of contouring.  As runoff decreases, RUSLE2 computes a greater effectiveness for contouring.

As grade along furrows increases, as tillage deviates increasingly from being on the true contour, the effectiveness of contouring decreases.  RUSLE2 uses the ratio of furrow grade to the slope of the direct, downhill flow path to estimate the lost effectiveness of contouring.  

Row grade can be specified in one of two ways in RUSLE2.  The up and down hill selection for row grade means that no contouring is being employed.  The first way that row grade can be entered as an absolute row grade.  The alternative way of entering row grade is to enter it as a fraction (or percent) of the average land slope for the hillslope profile being analyzed.  The advantage of entering row grade as a fraction of the land slope is that the relative quality of contouring is the same for all land steepness.  Entering row grade as a fraction of land slope is the recommended way for entering row grade.  

Unless the topography is quite uniform, having the furrows perfectly on the contour is practically impossible.  NRCS specifications for effective contouring allow a certain amount of deviation from a perfect contour.  When contouring is practiced according to NRCS specifications, a furrow grade that is one tenth of the downhill slope should be used.  For example, if the land slope is 5 percent, RUSLE2 uses a row grade of 0.5 percent slope would be used.  If the land slope is 20 percent, RUSLE2 uses a row grade of 2 percent.  If the contouring significantly exceeds NRCS specifications, a relative row grade of 5% should be used.

Also, use a 5% relative row grade for rotational strip cropping, buffer strips, and filter strips laid out and maintained according to NRCS specifications.  If these practices are installed and maintained almost perfectly on the contour, use a 0% relative row grade for contouring.

Row grade is also used to give credit for row grade between 10% of the land slope and up and down hill.  Suggested relative row grades would be 15%, 25%, and 50% to represent general classes of off contour farming.  Using classes to any finer detail is not warranted.

RUSLE2 allows the selection of contouring objects where the only variable is row grade.  Keep in mind that the other important component of contouring are the ridge heights specified for the individual operations.

Beyond a critical slope length, contouring is assumed to completely lose its effectiveness.  On a slope where slope length exceeds the critical slope length, no contouring effect is computed beyond the critical length.  Critical slope length is computed as a function of the 10 yr EI storm, which captures the main effect of location for causing failure of contouring.  The 10 yr EI storm is used rather than the annual erosivity because a few single erosivity storms caused the greatest damage to contouring.

Critical slope length is also of a function of runoff computed using the NRCS curve number method, where curve number values are computed as a function of ground cover, roughness, soil biomass, and degree of soil consolidation.  The degree that the presence of roughness and ground cover reduces runoff shear stress that acts on the soil is another major factor.  The last major factor affecting critical slope length is slope steepness because of how it affects runoff shear stress acting on the soil.  

RUSLE2 tracks how the cover-management variables change through the year as well as how the storm erosivity changes during the year.  When contouring is computed to have failed, the effectiveness of contouring is not restore until the next operation with a disturb surface operation that creates a ridge. Failure of contouring is assumed to occur in RUSLE2 by runoff breaking through ridges, and thus ridges have to be recreated to restore contouring effectiveness.

Well-accepted values for critical slope length are given in Agriculture Handbook No. 537.  Parameter values in RUSLE2 were selected to fit these values a conventional, continuous, cultivated corn grown for the Columbia, Missouri location because that location represents typical erosion conditions.   The equations in RUSLE2 adjust these base values for other locations.  The variation of critical slope length with runoff, cover, and slope is based on shear stress concepts well established by research on principles of basic erosion mechanics.

Strips

Three types of strip systems as supporting practices can be considered by RUSLE2.  These strip systems are rotational strip cropping, buffer strips, and filter strips.  RUSLED2 Objects have set up for each type based on certain assumptions.  Also, RUSLE2 can also be used to analyze non-standard strip system.

A rotational strip cropping system is generally referred as simply strip cropping.  However, “rotational” refers to these systems involving a rotation of crops rather than involving permanent strips of vegetation like grass used in buffer and filter strips.  

Strip cropping is assumed to involve a crop rotation grown in equal width strips on the hillslope profile.  The crop rotation generally involves some crops of very close growing vegetation such as a hay crop.  The other crops are often row crops like corn and soybeans that are either clean tilled or residue cover is somewhat less than that for no-till.  The starting point of the rotation in each strip is varied so that the “clean tilled” strips are alternated with the dense growing crops.

Buffer strips are narrow strips of permanent dense growing vegetation, often sod forming grasses, that separate wide strips of cultivated crops.  A filter strip system is actually a special case of a buffer strip where only one strip of permanent vegetation is used at the end of the slope length.

An important assumption in all strip systems is that runoff begins at the top of the hillslope profile can continues to the end of the profile.  No feature of strip systems is assumed to end slope length. Under some conditions, RUSLE2 will compute an infiltration rate so large that no runoff is computed to leave particular strips. RUSLE2 takes this end of runoff within the slope length in its computations.

The main effect of strips is that the dense strips of vegetation slow runoff and reduce its transport capacity.  Deposition is computed where the transport capacity is less than the incoming sediment load.  Thus, the relative effectiveness of strip systems depends on the amount of sediment produced on the more erodible strips relative to the transported capacity on the strips with dense vegetation.  Thus, relative effectiveness of strips may be less where no-till is used on the cropped strips rather than clean tillage, but the overall soil loss will much lower with the no-till cropping than with the clean till cropping.

Deposition reduces sediment yield from strip systems, especially if the last strip on the slope is dense vegetation.  The conservation planning soil loss value soil loss for filter strips and buffer strips gives partial credit for the deposition.  The credit depends on both the location and amount of deposition.

Stripcroppingtc  \l 3 "Stripcropping"
RUSLE2 considers two effects of stripcropping.  One effect is the deposition caused by the strips of dense and close growing vegetation, the other is the reduced sediment production on these same strips, and the reduced soil loss on the clean-tilled strips because of the residual effect from the soil biomass produced on the strips with the dense vegetation.  

Well-placed strips on the contour can spread runoff.  When runoff reaches a strip of close growing vegetation, it can be concentrated in rills.  The strip spreads the runoff so that runoff leaves the strip as a broadsheet flow.  This flow has less erosivity than flow concentrated in rills, but having no sediment in the flow as it exits the strip increases its erosivity.  These effects are assumed to balance and cancel each other.

If strips are not close to being on contour, deposition or a ridge left by tillage at the upper edge of the strips can redirect the runoff along the upper edge of the strips.  Thus the strips act as partial terraces.  Thus, high quality contouring must accomplish strip cropping.  Assume a relative row grade of 5% for strip cropping that meets and NRCS specifications and a relative row grade of 0% for strip cropping that exceeds NRCS specifications with respect to being on the contour.  Do not use strip cropping with a relative row grade greater than 10%.

Deposition is given full credit on rotational strip cropping such that the sediment yield from the hillslope profile should be used for the soil loss values to use in conservation planning for strip cropping. 

The amount of deposition that is computed by RUSLE2 depends on the sediment load reaching a location of reduced transport capacity.  Transport capacity in RUSLE2 is computed as a function of the 10 yr EI storm, the amount of runoff computed using the NRCS curve number method, surface roughness, ground cover, and retardance of live vegetation.  The curve number value used in the runoff computation is computed as a function of roughness, ground cover, degree of soil consolidation, and soil biomass.

Also, the amount of deposition computed by RUSLE2 is a function of the sediment characteristics.  Sediment properties are determined by soil texture at the point of detachment.  Upslope deposition enriches sediment in fines so that reduced deposition occurs downslope. RUSLE2 computes the particle distribution of the sediment leaving a hillslope profile.

In order for deposition to occur with a strip cropping system, the tilled strips must be alternated with strips of close growing vegetation.  That arrangement is created in RUSLE2 in the management folder on the profile object (window) or in the stripcropping object by offsetting the rotation on the various strips by one or more years.  

The following examples illustrate how to offset a rotation to achieve a strip cropping system in RUSLE2.  Assume a simple rotation of two years of corn and two years of hay represented by C1C2H1H2.  The two years of each crop are grown together for convenience.  Assume four strips on the slope although the strips on the slope need not match the length of rotation.  In fact, in most cases the number of strips will be less than the number of years in the rotation.  If no offset is used, the strips would be:

Strip Number
Years of Offset
Crop Year 1
Crop Year 2
Crop Year 3
Crop Year 4

1
0
C1
C2
H1
H2

2
0
C1
C2
H1
H2

3
0
C1
C2
H1
H2

4
0
C1
C2
H1
H2

This system is not stripcropping, but a crop rotation with the same cropping on all parts of the slope at a given time.  To achieve stripcropping, some of the strips need to be offset as demonstrated in the table below.

Strip Number
Years of Offset
Crop Year 1
Crop Year 2
Crop Year 3
Crop Year 4

1
0
C1
C2
H1
H2

2
2
H1
H2
C1
C2

3
0
C1
C2
H1
H2

4
2
H1
H2
C1
C2

Notice that the 2-year offset on strips 2 and 4 shifted the rotation by two years so that runoff from at least one corn strip runs through at least one hay strip.

The table below illustrates another possible arrangement achieved with a different set of years of offset.

Strip Number
Years of Offset
Crop Year 1
Crop Year 2
Crop Year 3
Crop Year 4

1
0
C1
C2
H1
H2

2
1
H2
C1
C2
H1

3
2
H1
H2
C1
C2

4
3
C2
H1
H2
C1

This set of offset years produces a stripcropping system that is not as effective as the other strip cropping system.  The problem with this system is year 4 where runoff from none of the corn strips passes through the hay strips.

The NRCS specifications require certain widths related to convenience of the farming operation.  Do not be concerned if the dimensions chosen by RUSLE2 don’t exactly match the dimensions required by the NRCS specifications.  Remember that RUSLE2 is a guide to conservation planning, not an exact model of real world conditions.  If the strips widths are reasonably close, RUSLE2 will do well in capturing the main effects of strip cropping.

Buffer Strip Systemstc  \l 3 "Buffer Strips"
A buffer strip system is one with multiple strips of close growing vegetation like grass (the buffer strips) that separates strips of cultivate crops.  The inputs for the buffer strip object is to select a width for the buffer strips, which are assumed to be of equal width, the number on the hillslope profile, and whether or not the lowest strip is at the bottom of the hillslope.

The other inputs required for RUSLE2 is to select the management practice for the tilled strips and to select the management practice for the permanent strips, which is usually a continue grass or forage type vegetation.  A rotation of any length can be used on the tilled strips, but the same rotation must be used on all strips with the buffer strip object.  However, the management folder in the profile object (window) in RUSLE2 can be used to enter different managements for each strip.

A buffer strip object cannot be combined with a stripcropping object.

The same RUSLE2 considerations and requirements for contouring and strip width apply to a buffer strip system as applies to a stripcropping system regarding contouring and strip widths.

Filter Strip Systems

A filter strip system is a cultivated strip with a narrow permanent strip of close growing vegetation like a grass or other forage crop at the lower end of the hillslope profile.  The input for the filter strip object is the width of the strip and the management on the two strips.

A filter strip object can be combined with a stripcropping object but not with the buffer strip object, but a filter strip system can be constructed from the buffer strip object by placing the last buffer strip at the bottom of the slope.

The same RUSLE2 considerations and requirements for contouring and strip width apply to a filter strip system as applies to a stripcropping system regarding contouring and strip widths.

Terracestc  \l 3 "Terraces"
Terraces are support practices where high and large ridges of soil are constructed across the slope at intervals of typically 100 ft and greater.  These ridges and their accompanying channels intercept runoff and divert it around the slope to a disposal point.  Disposal can be into an outlet channel that is usually lined with dense vegetation to protect against erosion or into a small impoundment with an underground outlet.  Grade along gradient terraces is often fairly uniform.  Gradient terraces usually discharge into an outlet channel, although these terraces can be level with closed outlets for moisture conservation.  Grade along parallel terraces and tile outlet terraces can be highly variable, but grade is usually controlled to avoid erosion in the terrace channel.

Terraces affect rill and interrill erosion in two ways.  One way is to reduce slope length, and the other effect of terraces is to cause deposition in the terrace channel if grade is sufficiently flat, or in the impoundment associated with a tile outlet terrace.

For conservation planning, only a part of the deposition is credited as protecting the soil resource.  When terraces are closer than about 90 ft, one half of the deposition is credited for conservation planning.  As terrace spacing increases, the amount of credit taken for deposition is decreased to where almost no credit is taken if spacing exceeds 300 ft.

Gradient terraces

The amount of deposition in a terrace channel is a function of the sediment load reaching the terrace channel, the transport capacity of the flow in the terrace channel, and the characteristics of the sediment reaching the terrace channel.  If the sediment load is low reaching the terrace channel because of erosion control on the inter-terrace interval or transport capacity is high in the terrace channel because of a steep channel or high runoff, no deposition will occur in the channel.  The transport capacity in the channel must be less than the sediment load reaching the channel for deposition to occur.  

When deposition is computed, the amount of deposition computed by RUSLE2 is a function of properties of the sediment reaching the terrace channel.  For example, the sediment from a high silt soil is finer than the sediment eroded from a coarse textured soil and thus less deposition will be computed for the hillslope with the high silt soil than one with the coarse textured soil.  Similarly, if a filter strip or a concave slope is just ahead of the terrace channel, deposition in the terrace channel will be reduced because of upslope deposition reducing the sediment load reaching the terrace channel and deposition enriching the sediment in fines, which reduces deposition.

The input for the terrace object is the number of terraces on the hillslope, the grade of the terrace channel, and whether or not the last terrace is at the bottom of the hillslope.

[Note:  the following material will be revised later

Wind rowed debris can act as a terrace on disturbed forestland treated with a root rake or similar implements.

RUSLE applies to bench terraces, but with special considerations.  If the bench of the terrace is inward sloping as illustrated in Figure 37, RUSLE is separately applied to the bench and to the backslope.  RUSLE has no limitation on how short a slope length can be.

The area where the bench and backslope intersect forms a channel that conveys runoff around the hillslope.   Deposition in this area and its effect on soil loss for conservation planning can be estimated using the standard RUSLE P factor relationships for terraces.  These computations must be done in parts rather than as a system.

The alternative bench terrace system is one where the benches slope outward.  The stripcropping portion of RUSLE is used to analyze this type of bench terrace system.  Slope lengths and steepness of each terrace segment are entered.  Also, the irregular slope procedure should be used to compute an LS value.  If the benches are sufficiently flat, RUSLE will compute deposition, and treat that deposition in the same way that it treats deposition with multiple strips.

Diversions…..]

Small impoundments

Deposition computed by RUSLE2 for small impoundments like those used with tile outlet terraces and small sediment basins on construction sites is based on a simple retention time concept. The equations are calibrating to empirical data for basins that are performing well.

The fraction of the sediment load requiring the impoundment is a function of the characteristics of the sediment reaching the impoundment.  Impoundments can be placed in series in RUSLE2.  The downstream impoundment will trap much less sediment than the upstream impoundment because deposition in the upstream impoundment will have greatly enriched the sediment in fines.

The amount of deposition is not a function of the geometry of the basin.  Thus RUSLE2 computes a very approximate estimate of sediment trapping.  Other models should be used to design sediment basins.

Soil Loss Ratiostc  \l 3 "Soil Loss Ratios"
A soil loss ratio is the ratio of soil loss in a given period, like a crop stage, between harvest and planting, or between tillage operations, from a given cover-management system to the soil loss from the “unit plot” where all other conditions are the same.  RUSLE2 computes values for soil loss ratios that can be compared with values published in Agriculture Handbook 537 (AH-537).

The soil loss ratios for “conventional tillage” given in AH-537 were used to calibrate RUSLE2.  Internal parameter values were adjusted until the soil loss ratio values computed by RUSLE2 matched, as closely as possible, those in the AH-537.  The values in AH-537 for conservation tillage were not used in the development of RUSLE because the values in AH-537 were based on data collected in the late 1960's and early 1970's that do not represent modern conservation tillage systems.  An extensive set of data from a literature survey was assembled and used to validate RUSLE2 for conservation tillage, especially no-till.

Also, the soil loss ratios in AH-537 for crop stage four, the period following harvest, were also not used.  Most of the data represented by AH-537, except for conservation tillage, were collected from about 1935 to 1955.  In those times, corn harvesting left stalks that stood much more erect than do modern combines that shred and spread the stalks.  Also, some of the soil loss ratios in AH-537 are based on a surface cover effect curve with a b value of 0.026, much lower than the now accepted value of 0.035 used in RUSLE2.  The data analyzed for RUSLE2 to determine b included the same data originally used to estimate a b value for the surface cover effect curve given in AH-537 as well as more recent data.

Soil loss values given by RUSLE for conventional tillage are sometimes lower than those shown in AH-537.   Data collected from 1960 and 1970 that were not considered in the development of AH-537 were analyzed for RUSLE.  Another factor to consider is that the yields in AH-537 were low relative to modern yields.  For example, the yield for high production corn is 112 bu/ac in AH-537, whereas a modern yield of corn in the Midwest is easily 150 bu/ac or more.

Soil loss ratios given in AH-537 are independent of location, whereas values computed by RUSLE2 vary with location.  For example, soil loss ratios RUSLE2 for corn will be significantly lower in the upper Midwest than in the lower part of the Mid-South because of the low soil biomass in the Mid-South caused by high decomposition rates in the humid, warm climate of the region in comparison to the climatic conditions of the upper Midwest.  This difference in results from RUSLE2 using precipitation and temperature values to compute loss of biomass on and in the soil.   Climatic conditions at Columbia, Missouri were used to calibrate RUSLE and to represent typical conditions that would produce soil loss ratios to compare with those given in AH-537.

A core set of data for crops and operations has been developed for RUSLE2.  RUSLE2 adjusts these core values for root biomass linearly as above ground biomass changes, canopy percentage by the 0.5 power, and fall height by the 0.2 power.  

RUSLE2 internally adjusts amount of residue at harvest based on yield.  This calculation uses an equation where residue is a linear function of yield.  

In addition to displaying soil loss ratio values, RUSLE2 also displays the values for the subfactors used to compute the effects of cover-management. The template NRCS Field Office (Expanded) is used to display those values.

USLE/RUSLE1 Factor Values

RUSLE2 computes net values for the K, LS, C, contouring, ponding, and ridge factors by weighting daily values with the erosivity distribution, exactly in the same way that it is done in the USLE and RUSLE1.

These values can be compared with those used in the USLE and RUSLE1. These comparisons give insight into differences between RUSLE2 and the USLE and RUSLE1.

However, the product of these values, even when computed by RUSLE2, does not give the RUSLE2 soil loss value in the same way that they give the USLE and RUSLE1 soil loss because of the numerical integration procedures used in RUSLE2.

The effective mathematical structure in RUSLE2 is:

A = R ( (fi Ki LiS Ci Pi)

Where f = the distribution of erosivity and the subscript refers to a period, which is daily in RUSLE2.  The equation structure in RUSLE1 is:

A = R ((fk Kk) LS ((fkCk) P

Where the subscript k refers to a 15-day period.  The equation structure in the USLE is:

A = R K LS ((fmCm) P

Where the m subscript refers to a crop stage period.

Even if RUSLE2 computed exactly same values for the variables on a daily basis as the other equations, the soil loss value would not be the same between the equations.  Without question, the mathematical structure in RUSLE2 is far superior to the structure in the other two equations.  The difference can be up to 15% depending on cropping-management system and the location. 

Another special consideration has to be given to the contouring factor computed by RUSLE2.  The effect computed by RUSLE2 for contouring is determining by taking the ratio between soil loss with contouring to soil loss with up and down hill row grade.  This value, which is the proper effect of contouring as reflected by RUSLE2 often differs with the value shown for the contouring factor value.

The reason is because of the mathematical integration procedure used by RUSLE2 where the effect of contouring is combined with the other variables on a daily basis rather than considering the contouring factor as a single variable. 

APPLICATION OF RUSLE2 TO OTHER LAND USEStc  \l 1 "APPLICATION OF RUSLE TO OTHER LAND USES"
Irrigated Landstc  \l 2 "Irrigated Lands"
When RUSLE2 is applied to irrigated land where the water is applied by sprinkler irrigation, the erosivity of the applied water should be added to the erosivity from rainfall.  Erosivity of the applied water can be computed from the application rate and size and impact velocity of the water drops.  To compute this erosivity, an equation for unit energy is developed using information on drop size and impact velocity available from the manufacturer of the irrigation equipment.  In contrast to the unit energy equation for natural rainfall, the unit energy equation for sprinkler-applied water is independent of application rate.  Do not use the unit energy equation for natural rainfall to compute erosivity of sprinkler-applied water.  

Once unit energy, e, is computed, erosivity for a single application is:

Ra = e Va I/100

where Ra = erosivity for a single application, e = unit energy (ft tons) (ac in)-1, Va = application amount (in), and I = application rate (in hr-1).

The Ra values computed for each application are added to the annual R-value for natural rainfall to obtain a total erosivity value that represents both rainfall and the water applied by sprinkler irrigation.  In addition, the distribution of erosivity during the year may require a slight adjustment to account for the additional erosivity during the irrigated period.

RUSLE2 cannot be used to compute soil loss from surface irrigation, but it can be applied to surface irrigated land to compute soil loss from natural rainfall.  Since irrigation leaves the soils wetter and thus produces more runoff from natural rainfall than without irrigation, the permeability code in the soil erodibility nomograph can be adjusted one step to a less permeable soil.  However, in climates where little rainfall occurs during the irrigation season, this adjustment is unnecessary.

The other consideration given to surface irrigated land is that these lands are frequently graded to produce long gentle slopes.  Slope lengths for these fields can be much longer than slope lengths on similar fields that have not been graded.

Disturbed Forest Landstc  \l 2 "Disturbed Forest Lands"
RUSLE2 can be used to compute soil loss on disturbed forestlands where significant overland flow occurs along the slope length.  RUSLE2 cannot be applied to lands where no overland flow occurs, such as undisturbed forestlands.

The publication “A guide for predicting sheet and rill erosion on forest land”,
 should be used as the major guide in applying RUSLE2 to disturbed forestlands with the following considerations.

 Operation, vegetation, and residue data files will need to be constructed specifically for disturbed forestlands.  The required vegetation files include one to initialize the root mass at the time of first disturbance and “crops” for each succeeding year following this disturbance.  The key values for the initial vegetation are the amount of biomass of roots in the upper 4 inches of the soil and a parameter value for the decomposition of these roots.  The most important roots are the roots that decompose within four years.  As a guide, roots smaller than 1/4 inch in diameter are included in the estimate of root biomass.  A value of 0.006 is suggested as a value to use for the decomposition coefficient of both surface and buried woody debris and tree roots.

The vegetation in the years after disturbance should characterize the cover that is either established or that develops as a volunteer stand.

Operations should be developed that characterize the mechanical aspects of the disturbances regardless of whether the disturbance is by burning, chopping, root-raking, traffic, disking, or other means.  

Values for the runoff index (NRCS curve number) for disturbed forest conditions may need adjustment from those recommended for cropland.  Refer to NRCS hydrology technical guides for assistance in choosing runoff index values.

Construction Sitestc  \l 2 "Construction Sites"
A major consideration in applying RUSLE2 to construction sites is the degree that the soil surface has been disturbed and/or removed.  

{Note this information will be revised later. 

If the surface soil has been completely removed, a K value that reflects subsoil conditions should be chosen based on values in the NRCS soils database or an equation in Agriculture Handbook No. 703 used to estimate K values for subsoils.  

If the soil has been highly disturbed, such as for a fill, where little biomass is present, the high ratio of rill to interrill erosion should be used to compute LS values.  When the soil is a cut, the moderate rill to interrill ratio should be used.

If the construction site is a fill, the soil should be in an “unconsolidated state”, which can be established by having an operation that disturbs 100 percent of the surface as the first operation in the schedule of operations.  If the site is a cut slope, no soil disturbing operation should be used in the schedule of operations unless a soil disturbing activity occurs in the period being analyzed.

To compute a C factor value in the complete RUSLE, “crops” must be defined to establish an initial condition.  A cut soil would have little biomass, but the prior land use (PLU) value would be about 0.45 because the soil is consolidated.  A “no crop” for about 2 years can be used to establish this condition.  Conversely, a fill can be represented with a “no crop” and an implement that tills the upper 4 inches to represent a highly erodible fill condition.  Along with the “initial” crop, additional crops are used to represent changing conditions over time after the disturbance.

Some construction activities only partially remove and disturb soil.  “Crops” and “implements” comparable to those used in cropland are developed to represent these conditions.  An example of a partial disturbance is a soil disturbed by track driven equipment used to knife-in an underground cable.

A “no-rotation” is used rather than a rotation for most construction situations.  Repeated disturbances can also be represented.  A one-year rotation should be used on a military training site that is regularly disturbed.

The cropland P factor components can be used to compute the effect of rough surface conditions on runoff and erosion.  Values for the runoff index (NRCS curve number) should typically be increased from cropland values to represent increased runoff from construction sites in comparison to cropland.  Refer to NRCS hydrology technical guides for assistance with choosing runoff index values for construction sites.}

INTERPRETATION OF RESULTStc  \l 1 "INTERPRETATION OF RESULTS"
After RUSLE2 has been used to compute a soil loss, the result must be interpreted and at least a mental assessment made of the result.  The primary use of RUSLE2 is in conservation planning where the computed soil loss is compared against a soil loss tolerance value T.  If the computed soil loss is less than T, erosion with the given practice at the particular site is assumed not to be a problem.  

RUSLE2 is intended to be used as a guide in conservation planning and other applications.  Large values of soil loss are computed more accurately than are small values.  For example, you can have confidence that if RUSLE2 computes a soil loss of 20 tons ac-1 yr-1 with one practice and 10 tons ac-1 yr-1 with a second practice, the second practice will substantially reduce erosion.  However, if RUSLE2 computes 1 and 2 ton ac-1 yr-1, especially on pasture land, the difference between the two practices may not be great, and the most that can be said is that soil loss will likely be less with one practice than with the other, and that soil loss will be low with both practices.

RUSLE2 is intended to describe main effects represented in erosion data.  Erosion data are characterized by much variability.  Fine-tuning in the OPERATION, vegetation, and residue databases is not warranted except to describe main effects.  A single value of depth of tillage should be used for major classes of tillage operations, but since erosion is very sensitive to surface cover, multiple “chisel plows”, for example, can be set up because surface cover can vary significantly among chisel plows as a class.

Because of the variability in erosion data, much care must be exercised in comparing RUSLE2 values against research data reported in the literature.  For example, the reported reduction in erosion for a 50 percent cover on no-till cropping is from 55 to 98 percent.  The range in soil loss ratio for the seedbed period for conventional tillage is from 0.2 to 0.8.  Thus the results from any single study can greatly differ from the representative value when all data are considered.  RUSLE2 is designed to represent the overall trends.  

RUSLE2 probably describes the effect of slope length more accurately than any other factor, although slope length seems to be the variable that gives users the most difficulty in selecting a value.  Fortunately the effect of slope length is not great, especially on very flat slopes.  For example, an error of 10 percent in slope length will result in about a 5 percent error in soil loss.  RUSLE2 is much more sensitive to slope steepness than to slope length.  Slope steepness should be more carefully chosen than slope length, and the irregular slope procedure used if the landscape profile is not uniform.

Surface cover has more effect on soil loss than any other single factor.  When you compute soil loss, compare estimated surface residue cover to what you observe in the field.  However, make sure that you carefully estimate cover in the field, considering that it can vary with location in the field, during the year, and from year to year.  Experience shows that when cover is accurately measured, cover is often less than assumed.

An important variable in soil conservation is percent surface cover at planting.  Like soil loss, this value can vary greatly from year to year and from location to location.  The important consideration in evaluating RUSLE2 against experimental data is to ensure that the data being used are representative of the effect being evaluated.  Comparing the results of RUSLE2 against data from a single study is often misleading and is always inappropriate even if the two compare favorably.  An earlier section discusses important considerations when comparing RUSLE2 with the USLE and RUSLE1.  No science-based justification exists for preferring the USLE or RUSLE1 to RUSLE2.

Although cover is the single most important variable in RUSLE2, other factors such as canopy, roughness, and below ground biomass are important and should not be overlooked when evaluating a RUSLE2 result.

Of all RUSLE2 factors, the effects computed for supporting practices are the one most subject to error.  Ridges and other micro-topographic features vary greatly within a field and from field to field.  The effects computed by RUSLE2 for supporting practices represent how these practices generally affect erosion, but the measured result for any particular field could be significantly different from that computed by RUSLE2.

ACCURACY OF RUSLE

A few limited studies have been conducted to evaluate the accuracy of RUSLE2.  (Footnote with reference to Renard’s students and Nearing study.)  The general result is that RUSLE2 computes average annual soil loss within “25 percent for soil loss values greater than about 4 tons ac-1 yr-1 and within “50 percent for average soil loss values between about 0.5 and 4 tons ac-1 yr-1.  The uncertainty goes up very rapidly for soil loss values less than 1 ton ac-1 yr-1, and can easily be as large as 500 percent when estimated soil loss is 0.1 tons ac-1 yr-1.  The uncertainty also increases but not greatly for soil loss values greater than 30 tons ac-1 yr-1.

Being able to conduct a reliable estimate of the accuracy of RUSLE2 is extremely difficult because too few replications were typically used and statistical designs at single locations or between locations do not allow common statistical tools to be used in the analysis of the data.

A major issue is variability in the data.  A difference of 30 percent in soil loss measurements between adjacent plots in a rainfall simulator study is not uncommon.  Such differences are often unexplainable by differences in soil, plot preparation, or plot condition.  Finding a hillslope where an adequate number of replications can be studied without excessive variation in soil properties that might affect erosion is very difficult.  Also, conducting field studies is time consuming, labor intensive, and expensive.  Reduced replications are typical for practical reasons to allow the research to be conducted within resource constraints.

Plots are typically used rather than small watersheds to study rill and interrill erosion.  Even small watersheds have non-uniform soils and variable topography that complicate deriving the types of relationships needed by RUSLE2.  Deposition and erosion in ephemeral gully areas must be estimated and accounted for.  While ephemeral gully erosion can be determined by measuring the size of eroded channels, deposition can be difficult to determine if it occurred when erosion rates are low.

Measurement of erosion rates less than 1 ton ac-1 yr-1 is difficult, and the results are usually highly variable.   Slight difference between plots either in plot preparation or in local difference in cover within a plot can result in large differences on a percentage basis between plots.  Also, leaving a small amount of bare soil near a plot end can produce a grossly inaccurate soil loss where soil loss values are very low.

The accuracy of RUSLE2 is limited by the equation structure that it employs to estimate soil loss.  It has no explicit runoff component, which limits its accuracy when long-term soil loss is produced by a few major storms, or cases where low runoff limits soil loss.

Prediction technology like RUSLE2 should be interpreted in the context of its intended purpose.  RUSLE is an empirical, index-based method that estimates average annual soil loss to be used as a guide in conservation planning.  It is designed to capture the main effects of the factors that affect soil loss by raindrop impact and its associated overland flow.  It should be used as a tool, and if a better method is available for the intended purpose, by all means use it.

Because it is mostly an empirically derived procedure, the best that RUSLE2 can do is to represent the data from which it was derived.  Therefore, the adequacy of RUSLE2 for a particular application is largely determined by how well the plots used to derive RUSLE2 represent the expected field condition.

The following paragraphs describe where RUSLE2 works best.

Temporal Variability

RUSLE2 is designed to estimate average annual soil loss.  It should not be used to estimate soil loss from individual storms nor estimate probability of erosion by storm, season, or year.  Although probability values are available for the erosivity factor, the variability of soil loss is greater than the variability of erosivity.  RUSLE2 has no way to consider variability in cover-management condition by a particular season or particular year, but does compute how soil loss is expected to vary on an annual basis from season to season.

Soils
RUSLE2 is most applicable to medium textured soils.  It works moderately well for fine textured soils and acceptably well for coarse textured soils.  Errors can be large when applied to coarse textured soils that are typical of the Southwestern U.S.  It should not be applied to organic soils.

Topography
RUSLE2 works best for slope lengths that are between 50 and 300 ft long.  It works moderately well for slopes less than 20 ft long and for slope lengths between 300 and 600 ft.  It works acceptably for slope lengths between 600 and 1000 ft long, and it should not be used for slopes longer than 1000 ft.

RUSLE2 works best for slope steepnesses between 3 and 20 percent.  It works moderately well for slope steepness less than 3 percent and between 20 and 35 percent.  It works acceptably well for steepness between 35 and 100 percent, and it should not be used for slopes steeper than 100 percent.

Geographic Region
RUSLE2 works best where rainfall occurs regularly, rainfall is the dominant precipitation, and average annual rainfall exceeds 20 inches.  RUSLE2 is acceptable for use in areas of low rainfall like the western U.S., but its results must be interpreted as being more representative of what might occur if average conditions could exist rather than representative of actual conditions.  That is, RUSLE2 is more accurate on providing relative information than on providing absolute estimates of soil loss.  Also, RUSLE2 can be used to estimate soil loss in the special winter condition represented by the Northwest Wheat and Range Region.  It does not specifically estimate soil loss from snowmelt.

Irrigation
RUSLE2 can be used to estimate soil loss by rainfall where irrigation is used and to estimate the erosion caused by sprinkler irrigation.  It cannot estimate soil loss from furrow, flood, or similar types of irrigation.

Land Use

RUSLE2 works best for cropland and construction sites.  It works moderately well on pastureland, rangeland, minespoil and disturbed forestland.  It works acceptably on minimally disturbed forestland, abandoned crop and pastureland, and similar wildlife lands with few trees.  It should not be used for undisturbed forestland.

Processes
RUSLE2 is designed to estimate rill and interrill erosion from rainfall and its associated runoff as overland flow.   It is acceptable for estimating sediment yield from hillslope profiles where overland flow occurs.  It cannot estimate erosion or deposition in concentrated flow areas like within-field ephemeral gullies, incised gullies, and stream channels.  It does not estimate erosion by mass wasting or by water flowing through pipes in the soil.

These guidelines are general.  Although a specific site might fit the general guidelines, local conditions can be such that RUSLE2 should not be applied.  Used properly, RUSLE2 is a very powerful tool to assist in conservation planning.

SENSITIVITY ANALYSIStc  \l 1 "SENSITIVITY ANALYSIS"
RUSLE2 describes the effect of many interacting factors whose effects are not always immediately obvious.  A sensitivity analysis can be helpful to understanding how a particular practice or factor affects soil loss.  For example, the effect of slope length can be seen by computing soil loss for several slope lengths while holding all other variables constant.  However, results from sensitivity analyses should be generalized only after careful consideration.  RUSLE2 may be sensitive to a variable in a particular situation but not at all in other situations.  For example, on very flat slopes, computed soil loss hardly varies with slope length, while on steep slopes, computed soil loss is moderately sensitive to slope length.

Since cover is critically important in erosion control, a sensitivity analysis might be conducted to study the effect of cover.  However, conducting this analysis must be approached carefully because of interactions in RUSLE2.  One way to control the amount of surface cover in RUSLE2 is to vary the yield of the crop.  However, varying the yield affects the amount of biomass that is incorporated into the soil.  Also, root biomass varies with yield.  The computed variation of soil loss as a function of yield is a combination of the effect of surface cover, roughness, buried residue, and root biomass.  If a sensitivity analysis is desired where only the pure effect of cover is evaluated, a special crop has to be entered into RUSLE2 where the relation of biomass to yield is so slight that buried biomass does not affect erosion, and the only major effect is that of surface cover.

Care must also be taken in sensitivity analyses to ensure that the effect of a variable being studied is not being “swamped” by another variable.  An example is depth of secondary tillage.  If the cropping-management system has a primary tillage operation that precedes the secondary tillage operation, very little effect of depth of tillage by the secondary tillage implement will be seen if the primary tillage tool buries most of the residue at a depth significantly deeper than that of the secondary tillage.

SUMMARYtc  \l 1 "SUMMARY"
Version2 of the Revised Universal Soil-Loss Equation (RUSLE2) computes rill and interrill erosion from rainfall and the associated overland flow.  RUSLE2 is a powerful tool useful in conservation planning, inventory, assessment, and estimation of sediment yield.  Soil loss values computed by RUSLE2 should be used as a guide rather than being considered absolute.

RUSLE2 computes average annual rill and interrill erosion for a landscape profile.  The soil loss value computed for that profile is representative of an area to the degree that the profile represents the area.  It does not compute average sheet and rill erosion for a field unless soil loss is computed for several profiles and the results weighted according to the fraction of the field that each profile represents.  RUSLE2 does not compute sediment yield except for hillslope profiles and at the outlet of terrace channels. 

RUSLE2 is a revision of RUSLE1 and the Universal Soil Loss Equation (USLE), which has been widely used by the USDA-Natural Resources Conservation Service and numerous other agencies in the U.S. and in other countries.  RUSLE2 is based on an extensive database and modern erosion science.  Thus users of RUSLE2 can be confident that they are using a well-proven conservation tool.  

HOW RUSLE CAME TO BEtc  \l 1 "HOW RUSLE CAME TO BE"
The Universal Soil Loss Equation (USLE) was developed in the late 1950s and became widely used in conservation planning on cropland in the 1960s.  Beginning in the 1970s, the USLE was applied to many other land uses in addition to cropland and to other applications besides conservation planning.

The USLE was updated in 1978, but by 1985 with passage of the Farm Bill and much new research information, the USLE needed another update.  A project led by G. R. Foster, USDA-Agricultural Research Service, was initiated at a workshop in Lafayette, Indiana in 1985 to update the USLE.  This workshop attended by leading U.S. erosion research scientists and USLE users from the USDA-Natural Resources Conservation Service (formerly, Soil Conservation Service) and Forest Service, USDI-Bureau of Land Management, and U.S. Army Corps of Engineers set objectives and approaches for the update.  

By 1987 when K.G. Renard, USDA-Agricultural Research Service, assumed leadership of the project, much of the background work on updating the USLE was well underway and some had been completed.  However, the project evolved into much more than an updating of the USLE.  The USLE was undergoing a major revision, and hence the USLE became RUSLE1, the Revised USLE.  Also, another major addition to the project was the development of a computer program to implement RUSLE1.  RUSLE2 is a major revision of RUSLE1 with a totally new graphical user interface.  RUSLE2 is a far different model than is the USLE and is different in many ways from RUSLE1.  Almost all of the relationships in RUSLE2 have been revised from corresponding relationships in RUSLE1.  RUSLE2 is a far more powerful model than is either the USLE or RUSLE1.  The interface and underlying modeling engine of RUSLE2, along with it computational routines, makes RUSLE2 the most modern, powerful, and easy to use erosion prediction available for use in conservation planning at the local field office.

The USDA-Agriculture Handbook 703 describes in detail many of the relationships used in RUSLE1.   

RUSLE2 has been developed by a group of experienced and nationally recognized erosion scientists and conservationists.  Data needed to develop and validate RUSLE were not complete in all cases, which necessitated using judgement of both scientists and users of the equation to fill gaps.  In addition, AH703 and publications on various RUSLE components have been reviewed by peer scientists in a process typical of the reporting of rigorous research results.  Erosion scientists and NRCS technical specialists have made many runs with RUSLE2 to ensure that it works well for every imaginable condition where RUSLE2 will be applied. The scientific documentation for RUSLE2 will be peered reviewed according to USDA standard procedures.  Thus RUSLE2 can be used with full confidence that the equation meets high scientific standards.

Appendix B: Procedures Used to Validate RUSLE2

Appendix C:

BASIC OPERATION OF RUSLE2

The purpose of this User’s Guide is primarily to describe individual RUSLE2 factors and to provide guidance on how to choose values used by RUSLE2.  However, that information is best described by having the RUSLE2 program open and moving through the program as various topics are discussed.  The following information is a general overview.  Other documents should be consulted to provide details on the mechanics of the RUSLE2 program.

When RUSLE2 is initially started, the opening screen requires two selections.  The first choice is to choose from objects for worksheet, hillslope profile, climate, storm erosivity, soil, management, operation, vegetation, and residue.  The worksheet and hillslope profile objects are used to make erosion computations.  The other objects are used to place information in the RUSLE2 database. 

Worksheet

The worksheet object is used to carry out computations for multiple management practices on a single hillslope profile or carry out computations for multiple hillslope profiles.  Individual worksheets and the information in them can be saved with a name for the worksheet chosen by the user.

Hillslope profile

The hillslope profile object is used to compute erosion for a single hillslope profile.  Hillslope profiles and the information associated with them can be saved with a name chosen by the user.  A single hillslope profile can be viewed as the erosion computation for a specific overland flow path at a particular location on a particular landscape with a particular land use or possible land use.  Thus the information associated with a profile includes location, soil, topography, management, and supporting practices.

Climate

The climate object describes the weather information for the site.  The information in this object includes data on annual erosivity, 10 yr EI storm, average monthly temperature, and average monthly precipitation.  Information is cataloged in the database according to names of locations.

Storm erosivity

Storm erosivity varies through the year depending on location.  The information in the storm erosivity object describes how erosivity varies during the year as a function of zones or regions.  Information is cataloged in the database according to a zone number.

Soil

The soil object includes information on soil erodibility, soil texture, hydrologic soil group, and rock cover.  Also, this object includes the soil erodibility to compute a value for the soil erodibility factor if one is not available.  Information is cataloged in the database according to a soil name, which could be a soil-mapping unit from an NRCS soil survey.

Management 

The management object contains information on management practices.  Each practice typically includes a list of dates and the operations, vegetations, and applied materials like mulch and manure associated with each date.  Information is cataloged in the database according to a management name chosen by the user.

Operation

The operation object contains the information used to describe operations.  A key component of the information used to describe an operation is processes including begin growth, kill vegetation, flatten standing residue, disturb surface, remove surface cover, and remove live biomass.  Information is cataloged in the database according to an operation name chosen by the user.

Vegetation

The vegetation object contains the information used to describe live vegetation.  This information includes a name for the residue to associate with the vegetation and data on yield, the relationship of above ground biomass to yield, how the vegetation slow runoff, and temporally varying values on root biomass, canopy cover, fall height, and live ground cover.  Information is cataloged in the database according to a vegetation name chosen by the user.

Residue

The residue object contains the information used to describe residue.  This information includes data related to the rate that the residue decomposes on and in the soil and the amount of mass that covers a particular portion of the soil surface. Information is cataloged in the database according to a residue name assigned by the user.

Template

The other choice is a template that controls the amount of information that RUSLE2 displays.  Templates are customized for particular applications, where increasing amounts of information is displayed.  Also, the templates can be customized to use terminology that is common to a particular organization or discipline.  

Chose the NRCS Field Office (beginners) template and the profile object when you first begin to use RUSLE2.  This template shows the steps of using RUSLE2.  Simply follow the steps to compute a soil loss value.  Try changing some of the inputs and notice the change in the computed soil loss value.

Now, switch to the NRCS Field Office (summary) template.  To switch to that template, use the icon on the toolbar.  Move the cursor to the load template icon on the tool bar and click.  Select the summary template.

This template uses a set of folders for soil, topography, and management that are opened to enter values.  Not only are these folders included input, they also contain output directly associated with the variable represented by the folder.  The output in these folders becomes especially important when the hillslope profile is divided into segments.

Tool bar

The tool bar across the top of the screen contains icons that give immediate access to RUSLE2 functions and databases.  The functions of these icons are described in other documents.

Menu

Similar to the icon bar, the menu bar gives immediate access to certain RUSLE2 functions.  The file menu is especially important because it allows choice among alternative databases and to import data from RUSLE1.  The other very important menu choice is the help item.

Special RUSLE2 interface features

RUSLE2 is driven by a tremendously power interface and uses certain conventions.  

Variables in RUSLE2 have several attributes including a name, values, units, and significant digits.  RUSLE2 has the capability of working with these attributes.  To gain access to these capabilities, place the cursor over the variable name and right click on the mouse, which displays a list of actions that can be taken for that variable.  For example, the variable can be graphed, units can be changed, and the number of digits displayed can be changed.  Certain names can be changed.  These changes can be saved in the template being used.

RUSLE2 operates on a top down principle.  No more information is displayed than is needed to accomplish the task at hand.  For example, to compute a soil loss, all that is required of the user is to choose a location, a soil, slope length and steepness, a management, and supporting practices, as can be done with the beginners template.  

Far more information is involved in the soil loss computation that is seen by the user, but this information can be seen by “drilling down.”   The upside down triangle to the right of the field on a variable means that a list of items for the variable is available from the user chooses a particular one.  Click on the upside down triangle displays the list.

The yellow folder to the left in the field of a variable means that information is behind the variable.  The information can be displayed by clicking on the folder.

Hillslope profile layers

Some of the templates display a hillslope profile schematic with three layers.  The upper layer represents management, the middle layer represents soil, and the lower layer represents topography.

Adding segments

Segments along the slope for soil, topography, and management can be created in two ways.  One way is to “cut” the slope into segment by clicking on the “add break” button and moving the scissors to the layer and location along the slope where a “cut” (segment) is to be made.  Open up the corresponding folder and select information for management, soil, and steepness for each segment.  This approach can be used to create hillslope profiles with convex, concave, and complex shapes; different soils along the slope; and strip cropping, buffer strips, and filter strips.

Click on the “erase button” to remove a segment break.  Move the eraser to the break that is to removed and click.

The second way of adding segments is to use the “+” button to create a new segment.  The entry in the above the new segment is copied into the new segment.  Change the entry in the new segment to the desired value.  The “-“ button removes segment.  Select the segment that is to be removed as a row would be selected in a spreadsheet, and click on the “-“ button.
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Figure 6.22. Soil loss along a complex convex-concave hillslope profile
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Figure 6.21. Rule of thumb for location of upper edge of deposition on a concave profile
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Figure 6.20. Hillslope profile shapes
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Figure 6.19. A natural landscape with concentrated flow areas and divides where overland flow originates





�





Figure 6.18. Deposition begins within a segment on a concave slope








Figure 6.17. Grass strip sufficiently wide that deposition ends within segment and erosion occurs on lower portion of segment








Figure 6.16. Narrow grass strip where deposition occur over entire segment
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Either a horizontal or an “along-the-slope” measure of distance variables can be used to enter and display distance variables in RUSLE2.





The proper mathematical solution for RUSLE2 is where output values are independent of the number of segments used to describe uniform portions of a hillslope profile.  This criterion is met in RUSLE2 for the case where detachment occurs, but not where deposition occurs.  The sediment load becomes finer with deposition along a slope segment, which is described in RUSLE2 by dividing those segments experiencing deposition into sub-segments.  The RUSLE2 solution is an approximate one that is af function of the number of sub-segments.  The number of sub-segments used in RUSLE2 is to choose the number to provide sufficient accuracy while minimizing computational time.





Figure 6.16. Schematic of the three layers that represents a RUSLE2 hillslope profile
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Figure 6.39. Distribution of residue placed in by an operation that has an “add residue” process. 
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Do not use rock cover values or rock content in the soil profile from the NRCS Soil Survey to determine rock cover.  





The nonlinearity in the equations used to compute the ground cover effect is the reason that a K factor value cannot be used in RUSLE2 where an adjustment has already been made for rock cover. 








Figure 6.15. Temporally variable K factor at St. Paul, MN; Birmingham, AL; and Tombstone, AZ.
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In contrast to RUSLE1 where the time varying soil erodibility relationships were not used in the Western US, the temporally varying erodibility relationships should be used in the Western US for RUSLE2.





Use the K value in the NRCS soil survey where no adjustment has been made for rock cover on the soil surface but where adjustments have been made for rock in the soil profile.  





Soil loss from unit plot





Figure 6.15. Measured soil loss from unit plot used to determine soil erodibility K factor values





Slope of line = measure of soil erodibility, K





Erosivity of individual storms
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Slope of line = soil erodibility factor





The soil moisture relationships are unique to the Req zone and should not be used outside of the Req zone.





Figure 6.14. Req erosivity distribution and standard erosivity distribution for Pullman, WA
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The Req effect and relationships do not apply to conditions where a snow pack accumulates and remains through the winter.  The Req relationships in RUSLE2 cannot be used to compute soil loss when the snow pack melts.








Figure 6.13. Req values for cropland areas in Washington, Oregon, and Northern Idaho.  (figure 2.15 from AH703 or figure from NRCS





Figure 6.14. Req values for cropland areas in Southern Idaho and Northern Utah. (figure 2.16 from AH703 or figure NRCS)





Figure 6.12. Req zone  (map of Req zone, obtain from NRCS)
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Figure 6.11. RUSLE2 disaggregated precipitation values, Birmingham, AL
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Figure 6.10. RUSLE2 dissaggregated temperature values for Birmingham, AL.
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Figure 6.10. Erosivity (EI) distribution zones for the US Take Figure 2.7 from AH703
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Figure 6.8. 10 yr EI30 values for California Scan fig 2.11 from AH703 or a new map provided by NRCS








Figure 6.8. 10 yr EI30 values for Washington and Oregon Scan fig 2.12 from AH703 or a new map provided by NRCS








Figure 6.6. 10 yr EI30 values for the eastern US  Scan fig 2.9 from AH703 or a new map provided by NRCS





Figure 6.7. 10 yr EI30 values for the Rocky Mountain region of the US Scan fig 2.10 from AH703 or a new map provided by NRCS








Figure 6.5. Cumulative rainfall for a storm
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Figure 6.3. R values for California Scan figure 2.3 from AH703 or use new map from NRCS





Figure 6.4. R values for Washington and Oregon Scan figure 2.4 or use new figure from NRCS





Figure 6.1. R values for eastern US Scan figure 2.1 or new map provided by NRCS





Figure 6.2. R values for Rocky Mountain Region of US  Scan figure 2.2 from AH703 or use new map from NRCS





Figure 5.7. Schematic of conservation of mass equation for computing sediment load along the slope
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Figure 5.5. Relation of erosion plots to landscape
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Erosion plot placed on hillslope side
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Figure 5.4. Soil loss, deposition, and sediment yield from a complex slope, concave-convex shape.
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Figure 5.3. Sediment yield equals soil loss on uniform and convex slopes
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Figure 5.2. Complex hillslope, convex-concave profile
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RUSLE2 uses an index-based method to estimate soil loss rather than explicitly modeling erosion processes.  RUSLE2 describes the effects of erosion processes without mimicking the processes.  As a consequence, RUSLE2 involves specific definitions and rules that must be followed, even when logic suggests something different.








Eroding portion





A





Figure. 5.1. Overland flow paths in a typical application of RUSLE2





Boundary for subwatershed, also origin for overland flow





Figure 6.24. Effective fall height for a cylindrical shaped canopy of uniform density





Effective fall height = 1/3 x (height to top – height to bottom) + height to bottom
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2nd order channel, concentration flow area
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Figure 6.25. Effect of canopy shape on fall height
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Figure 6. 26. Effect of canopy density distribution on fall height
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Figure 6.23. Sediment load along a complex convex-concave hillslope profile
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Figure 6.24. Cut-road-fill hillslope illustrating how an inward and outward sloping road section affects overland flow path lengths and that deposition on the outward sloping road does not end overland flow path length
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Figure 6.25. How vegetative strips and terraces are described in RUSLE2 and how these practices affect slope lengths assumed by RUSLE2





Cover-management segments do not end overland flow slope lengths.





RUSLE2 creates a channel (concentrated flow area) a segment with a positive slope and one with a negative (adverse) slope.  This channel ends the overland flow path length.
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Figure 6.26. Landfill with relatively flat top and steep side slope, with and without a diversion
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 Figure 6.27. Ridge and bed systems





Channel created by RUSLE2
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RUSLE2 describes a single plant community at any point in time using a single value for each variable.  That is, RUSLE2 cannot take components of a plant community and aggregate values for each component part into a composite value.  The user directly assigns the composite value.  





RUSLE2 does not “grow” vegetation as a plant model “grows” vegetation. The user describes vegetative growth by entering values in the vegetation component of the RUSLE2 database as plant variables like canopy vary through time.





RUSLE2 assumes that any decrease in canopy cover within a vegetation description is senescence.  Any change in canopy cover associated with an operation is handled by the values used to describe that particular operation.  








Operations in RUSLE2 do not affect rock cover treated as a part of the soil and entered in the soil component of the RUSLE2 database.  Rock fragments added as an external residue are manipulated just as any other “residue” by operations in RUSLE2.
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Figure 6.27. Effect of ground cover on rill and interrill erosion





RUSLE2 does not compute a composite subfactor value by computing a subfactor value for each ground cover type and then multiplying those values, which is an improper mathematical operation.  Therefore, the value for rock fragment cover must be combined with other ground cover values considering overlap rather than using a soil erodibility factor value already adjusted for rock cover, which is quite incorrect.
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Figure 6.28. Relationship of ground cover to dry mass for four types of residue.





RUSLE2 b values are always comparable to b values reported in the literature.  In many cases, literature b values are based on plotting soil loss versus percent ground cover without considering any other variables such as soil roughness, soil biomass, and soil consolidation as does RUSLE2.   Values determined on that basis cannot be compared with RUSLE2 b values.  Also, reported b values are as large as 0.1, which are larger than can be obtained by RUSLE2.  These high b values seem to represent extremes rather than the typical condition represented by RUSLE2.  





RUSLE2 residue pools:


1. Standing (canopy cover)


2. Flat (ground cover)


3. Buried





RUSLE2 rules for transfer of residue among pools:


1. Residue is added to the soil surface by senescence, standing residue falling over      by natural processes, killing live vegetation, or adding “external residue” 


2. Senescence transfers biomass from live canopy to the soil surface, adding ground     cover (flat residue) 


3. Live vegetation cannot be flattened or buried 


4. Killing live vegetation creates standing residue (dead plant material) 


5. Standing residue can become flat residue by falling over from natural processes


6. An operation can flatten standing residue to flat residue 


7. Only flat residue can be buried (standing residue must first be flattened before it      can be buried)


8. Flat residue can only be buried by an operation that “disturbs” the soil 


9. Half of the decomposed flat residue becomes buried residue in the upper 2 inch        (50 mm) soil layer where it decomposes again


10. Only buried residue can be resurfaced


11. Buried residue can only be resurfaced by an operation








The information in each RUSLE2 database component and the rules for manipulating RUSLE2 variables are a “language” or procedure used to describe field conditions through time.  The objective in RUSLE2 is to describe field conditions as they exist, not to model processes.  The implicit check that should always be made before making a RUSLE2 computation is whether the user created description matches the actual field situation.  RUSLE2 user your field description to estimate soil loss and other erosion variables





Within a given cover-management system, RUSLE2 assumes that ground cover is uniformly distributed.  RUSLE2 values for flattening, burial, and resurfacing ratios used to describe operations represent the entire area and not just the local area where the residue is altered, such as in a tilled strip where seeds are planted. 





Don’t make changes just to get a better fit to local conditions.  Always compare against a broad data set.  Look at RUSLE2 estimates as representing main effects and typical conditions in a conservation planning context, not in a research context.  Make sure that data being fit are high quality, and collect as much supplemental data as possible, including yield, residue mass, and how residue cover varies during the year. 





The method of laying a roller chain on the soil surface and estimating roughness by how much the horizontal measurement is shorter than the chain length should not be used to measure roughness for RUSLE2 because it does not capture all roughness features important in RUSLE2.





Figure 6.29. Photograph of a soil surface where a roughness of 1.0 inches has just been created by a mechanical disturbance.  (Scan figure C-6 from AH703)





� EMBED Excel.Chart.8 \s ���





Figure 6.31. Relation of roughness subfactor to roughness index
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Figure 6.33. Conversion of a measured roughness value (Rm) to a roughness input value (Ri) (silt loam soil)
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Figure 6.32. Input roughness value Rit adjusted for soil biomass








Sometimes the way that RUSLE2 computes roughness needs to be overridden.  Set the initial and final roughness values to the same value and RUSLE2 will use a constant roughness value.  Causing RUSLE2 to set initial roughness to a measured value requires that the input roughness value be adjusted by trial and error until RUSLE2 computes the desired initial roughness value.








Roughness values entered into RUSLE2 are selected from the “core database,” not from field measurements at the site where RUSLE2 is being applied.  See section ??.





The input roughness value assigned to an operation is the roughness that the operation would create on a silt loam soil where the soil biomass is very high.
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Figure 6.30. Relation of measured surface roughness value to range in elvation from highest roughness peak to deepest depression
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Perhaps more than any other RUSLE2 variable, roughness values from the “core database” should be used rather than using roughness values measured at the specific site specific for input into RUSLE2.





A tillage intensity of 1 does not necessarily infer that the operation leaves a rough surface.





Input roughness values in the operation component of the RUSLE2 database are for roughness created by the operation on a smooth soil surface.





The approach used to handle roughness with strips differs from the way that that ground cover in strips is handled, where input values for flattening, burial, and resurfacing ratios apply to the entire area.








Field measurements should not be made at the specific site where RUSLE2 is being applied to determine an input roughness value for RUSLE2.  
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Figure 6.34. Ridge subfactor values as a function of ridge height for land slopes less than 6%





Figure 6.35. Ridge subfactor values as a function of ridge height and land slope steepness





All features of cover-management systems should be considered rather focusing on a single variable such as ground cover as a measure of erosion control effectiveness.








Soil consolidation refers to lack of soil disturbance and the soil becoming less erodible over time after a soil disturbance rather than the soil necessarily becoming dense.  





The only way that ridges exist in RUSLE2 is to create them with a soil disturbing operation.  





The effectiveness of contouring in RUSLE2 depends on ridge height-no ridge height, no contouring effect.  To have a contouring effect, ridges must be present.





Input ridge values should not be based on field measurement at the site where RUSLE2 is being applied.
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An input for rooting depth is not required is not required by RUSLE2, which does not consider how rooting depth varies with vegetation or plant maturity.
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Figure 6.36. Effect of ridge orientation (row grade) on ridge subfactor





Figure 6.38. The initial distribution when residue is buried by an operation.





Figure 6.15. Effect of time on soil consolidation for 7 and 25 yrs to consolidation
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Figure 6.37. Distribution of live root biomass assumed for RUSLE2.





Distribution of residue added to soil
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Figure 6.40. Initial burial and redistribution of residue by repeated operations with an inversion mixing distribution (e.g., moldboard plow)
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Figure 6.41. Initial burial and redistribution of residue by repeated operations with a mixing and some inversion mixing distribution (e.g., tandem disk)
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Even though a plant community may be a mixture of species, RUSLE2 represents the plant community as a single vegetation where input values are selected to describe the composite effects of the vegetation.  RUSLE2 “grows” only one vegetation at a time.  RUSLE2 cannot take data from two vegetations, such as corn and rye, and combine them into a single composite vegetation.





A key factor in selecting input root biomass values is to account for the temporal variation in root biomass so that the effect of root sloughing is captured by RUSLE2.





Root biomass and other values used to describe a vegetation can start at any point in time as required to describe the vegetative conditions at any point in time for a cover-management system.  The values for day zero and beyond describe conditions on the day that RUSLE2 is to begin using that vegetation.





Using a single root biomass for the entire year for perennial type plants, including and hay crops grown for several years, causes RUSLE2 to over estimate soil loss because the dead root biomass pool that accumulates from root sloughing is not represented.





Use of root biomass values that have not been checked for consistency with values in the RUSLE2 “core database” can cause serious errors in RUSLE2.








Figure 6.42. Effect of portion of soil disturbed on soil loss at Columbia, MO for no-till corn at 110 bu/acre.  Fertilizer injector does not bury or resurface residue.
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Soil consolidation in RUSLE2 refers to the decrease in soil erodibility following a mechanical soil disturbance rather than an increase in bulk density.  





A lower limit of 15% for portion of the soil surface disturbed should be used for no-till implements.





New input values for portion of soil disturbed by an operation should be carefully examined for consistency and guidelines established so that input values are consistently assigned for other new operations.





Input values are chosen for RUSLE2 to describe the condition left by an operation, not necessarily the effect on the soil that might have been removed from the local area.





Important RUSLE2 rules:


Surface material cannot be buried without using an operation with a “disturb soil” process


Material cannot be placed in the soil (e.g., manure injection) without an operation with a “disturb soil” process


Roughness cannot be created without an operation with a “disturb soil” process


Select values for portion of soil surface disturbed based on guidelines in section 6.4.2.6.3.





Soil disturbance, as used in RUSLE2, occurs when an operation fractures and loosens the soil, displaces soil, mixes soil and surface residue so that the interface between the residue and the surface soil is no longer distinct, and disrupts a high organic matter layer at the soil surface.  





Figure 6.43. Soil moisture subfactor values for two locations in Washington for a winter wheat-spring pea rotation.  The first peak is the effect of the winter wheat and the second one is the effect of spring peas.
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The soil moisture subfactor must only be used in the NWRR for Req applications.








�Renard, K. G., G. R. Foster, G. A. Weesies, D. K. McCool, and D. C. Yoder, coordinators.  1997.  Predicting Soil Erosion by Water: A Guide to Conservation Planning With the Revised Universal Soil Loss Equation (RUSLE).  U. S. Department of Agriculture, Agriculture Handbook No. 703, 404 pp.





� Ellison reference


� For discussion of the mathematics related to this approach, see Foster, G.R. 1985. Understanding ephemeral gully erosion (concentrated flow erosion). In: Soil Conservation, Assessing the National Resources Inventory. National Academy Press. Washington, D.C. pp. 90-125.


� Wischmeier, W.H. and D.D. Smith. 1978. Predicting rainfall-erosion losses: A guide to conservation planning. U.S. Dept. of Agriculture, Agriculture Handbook # 537.





� Equation 6.2 differs from the corresponding equation used in RUSLE1 (AH703).  The 0.082 coefficient in equation 6.2 was 0.05 in AH703.  For additional discussion, see McGregor, K.C., R.L. Bingner, A.J. Bowie, and G.R. Foster. 1995. Erosivity index values for northern Mississippi. Transactions of the American Society of Agricultural Engineers. 38(4):1039-1047.


� The USDA-NRCS has an set of climate databases available for erosivity (R), 10 yr EI30, monthly precipitation, and monthly temperature that are available from the NRCS State Agronomist in your state.  The values in this database are on a 1-km by 1-km grid across the US.  The values have been adjusted with a model known as PRISM for elevation and other spatial factors that affect weather variables.  Also, a database is available for the Eastern US where the values have been averaged by county.  In the Western US where counties are large and weather values vary greatly within a county because of elevation changes, take values from the NRCS 1-km by 1km database for your specific location.


�The Northwest Wheat and Range Region (NWRR) includes about 10 million acres of non-irrigated cropland in parts of eastern Washington, north central Oregon, northern Idaho, southeastern Idaho, southwestern Montana, western Wyoming, and northwestern Utah.  Runoff and erosion processes in this area are dominated by winter events.  Many of these events involve rainfall and/or snowmelt on thawing soils.  The thawing soils remain quite wet above the frost layer and are highly erodible until the frost layer thaws allowing drainage and consolidation.  The transient frost layer near the surface limits infiltration and creates a super-saturated moisture condition such that almost all rainfall and snowmelt runs off.





� The R and K factors have units. In this guide R has the units of hundreds of (ft tons in)/( ac yr hr). The corresponding units on K are tons /[ac (hundreds of ft tons in)/(ac hr-)].  Metric units in the SI system are (MJ mm)/(ha(h) for erosivity and (t h)/(MJ mm) for erodibility.





� The USDA-NRCS has mapped almost cropland soils in US and soils on many other land uses and has produced maps with map units (names).  Properties of each map units have determined and are available in published soil surveys by US county.  Soils information is available from NRCS in a computer database and in paper form from the local USDA-NRCS office.


� Renard, K.G., G.R. Foster, G.A. Weesies, D.K. McCool, and D.C. Yoder. 1997. Predicting soil erosion by water: A guide to conservation planning with the Revised Universal Soil Loss Equation (RUSLE). U.S. Dept. of Agriculture, Agriculture Handbook 703, 404 pp.  Much of the information in AH703 on soil erodibility applies to RUSLE2, except for the part on temporal variability of K.


� For background information, see Wischmeier, W.H., C.B. Johnson, and B.V. Cross. 1971. A soil erodibility monograph for farmland construction sites. J. Soil Water Conservation. 26:189-193.  However, information provided in this RUSLE2 User Guide determines the RUSLE2 application of the nomograph rather than information from other sources.


� See the USDA-NRCS soil survey manual for a description of the terms used in the soil erodibility nomograph and for procedures for determining these terms.  This manual is available on the NRCS Internet site www.nrcs.usda.gov.


� Columbia, MO is used as a base location in both RUSLE1 and RUSLE2.  USLE values for slope length and steepness effect, soil loss ratio, and P factors are assumed to apply at Columbia, MO.  RUSLE2 adjusts its values about these base values.  The weather at Columbia, MO is near the “middle” of the data for the Eastern US.


� Considering the effect of land use on organic matter in K seems logical because the soil erodibility nomograph includes a variable for organic matter.  However, the erodibility nomograph must not be used for that purpose.  RUSLE is an empirical equation based on certain definitions rather than being a process-based approach. The variables in RUSLE could have been defined in many different ways, but once defined as in RUSLE, definitions must be carefully followed.  Adjusting K to account for the effect of cropping and management on organic matter is inconsistent with RUSLE definitions.





� El-Swaify, S.A., E.W. Dangler, and C.L. Armstrong. 1982. Soil Erosion by Water in the Tropics. College of Tropical Agriculture and Human Resources, Univ. of Hawaii, Honolulu, HI. 17 pp.


� Soil Survey Manual available on the Internet site www.ftw.nrcs.usda.gov/tech_ref


� The equations used by RUSLE2 are described by Foster, G.R., R.A. Young, and W.H. Neibling. 1985. Sediment composition for nonpoint source pollution analyses. Trans. ASAE 28(1):133�139, 146.


� A typical procedure used to measure ground cover is lay a line transect, such as a knotted string or measuring tape, across the soil surface diagonal to any cover orientation.  An estimate of ground cover is the percentage of knots or markings on a tape that contact ground cover.  Another approach is take photographs of the surface, lay a grid over the photograph, and count the intersection points that touch ground cover.


� Contact the NRCS Internet site at � HYPERLINK "http://www.nrcs.usda.gov" ��www.nrcs.usda.gov� for additional information


� A definition of soil loss tolerance is intentionally not given here.  The many factors that are considered in assigning soil loss tolerance values are discussed by Toy, T.J., G.R. Foster, and K.G. Renard. 2002. Soil Erosion: Processes, Prediction, Measurement, and Control. John Wiley and Son, New York, NY. (in press).  The definition for soil loss tolerance given in AH537 implies that erosion can occur indefinitely at T and the soil not be degraded even though T values exceed soil formation rates by about a factor of ten.  In the context of RUSLE2, a soil loss tolerance value is a target soil loss selected to guide conservation planning in the particular situation where RUSLE2 is being applied.


� See AH703 for a discussion of this adjustment, including the mathematics used to make the adjustment.


� Equation 6.10 replaces having to select an LS “Table” as required in RUSLE1.  RUSLE2, in effect, selects the proper “LS Table” based on cover-management conditions.


� The structure of RUSLE2 is that the factors for topography, cover-management, and supporting practices are relative to the unit plot for hydrologic conditions at Columbia, MO.  The equations used in RUSLE2 are designed to capture main effects rather than all effects.  Therefore, while runoff depth may not capture all effects of runoff rate, it captures the main effect.


�Soil consolidation refers to how soil loss decreases with time after a mechanical soil disturbance. Soil consolidation includes how the increase in soil bulk density after a mechanical soil disturbance affects soil loss, but the major effect is how wetting and drying and other processes cement soil particles.





� No interaction between canopy cover and ground cover was assumed in RUSLE1.  As a result, too much credit was given to effect of canopy at low fall heights.  In fact, RUSLE1erroneously computed a zero soil loss for a 100% percent canopy when fall height was zero, rather than soil loss for 100% ground cover.


� RUSLE2 differs from RUSLE1 in this regard.  In RUSLE1, different yields could only be accommodated by creating a vegetation description for each yield.  In RUSLE2, a single base vegetation description is created for a particular yield that RUSLE2 uses to adjust values to fit the yield entered for a specific site.  However, a vegetation description can be used in RUSLE2 for specific yields just as was required in RUSLE1.  See section ?? for a description of the procedures RUSLE2 uses to adjust for yield.


� RUSLE2 tracks above ground biomass through time, which is different from RUSLE1.  In RUSLE1, a biomass value had to be entered that corresponded to the date of an operation that affected above ground biomass.  RUSLE2 does not have this requirement.  The biomass values are entered at maximum canopy and RUSLE2 tracks biomass through time.  An operation can be entered at any time without having to specify biomass on the date of the operation as an input.


� “External residue” is nomenclature used in RUSLE2 to refer to any material added to the soil surface or placed in the soil from a source other than vegetation grown on site.


� A surface seal is a thin, dense layer of soil particles at the soil surface caused by soil particle dispersion associated with raindrop impact and other processes.  This thin layer, which has a reduced permeability, is known as a surface “seal” when wet and a “crust” when dry.


� RUSLE2 eliminates the need to choose a b value for the effectiveness of ground cover as was required in RUSLE1.05 or the choice of a land use as was required in RUSLE1.06.  RUSLE2 in effect automates a manual selection of b required in RUSLE1, and  RUSLE2 computes b values as cover-management conditions vary through time that RUSLE1 did not compute.


� An operation is an event that mechanically disturbs the soil, changes the vegetation, or changes the residue.


� RUSLE2 assumes that flat residue, buried residue, and dead roots all decompose at the same rate.  Standing residue is assumed to decompose at a much slower rate than residue in the other pools.  Decomposition rate at the base of standing residue, which determines the rate that standing residue falls, is the same as the decomposition rate for flat residue.


� The major reason for having and using a RUSLE2 “core database” is to help ensure consistency in soil loss estimates, especially by cover-management system and by location.  Consistency is a major requirements when RUSLE2 is used to implement cost sharing and regulatory type programs so that all clients can be treated fairly.


� Toy, T.J., G.R. Foster, and K.G. Renard. 2002. Soil Erosion: Processes, Prediction, Measurement, and Control. John Wiley and Son, New York, NY. (in press).  


� See Figure C-10, AH703 for details.


� Wischmeier, W.H. and D.D. Smith. 1978. Predicting rainfall-erosion losses: A guide to conservation planning. U.S. Dept. of Agriculture, Agriculture Handbook # 537.


� RUSLE2 differs from RUSLE1 in that RUSLE1 did not use a tillage intensity effect.  The roughness that RUSLE1 uses in its computations is completely independent of existing roughness at the time of an operation. That is, the roughness following a spike tooth harrow in RUSLE1 is the same regardless of whether the harrow follows a moldboard plow or a tandem disk. Input roughness values are the same for RUSLE1 and RUSLE2 for operations where the tillage intensity is 1, but roughness values for operations where tillage intensity is less than 1, will need to be smaller in RUSLE2 than in RUSLE1 to achieve comparable roughness values in both models.  However, because of the tillage intensity factor effect, the two models can not compute the same roughness values for all situations.


� Young, R.A. and C. K. Mutchler. 1969. Soil and water movement in small tillage channels. Trans. ASAE.  12(4):543-545.  Also, personal communication with K.C. McGregor and C.K. Mutchler, USDA-Agricultural Research Service, National Sedimentation Laboratory, Oxford, MS.


� Rock cover entered in the soil component of the RUSLE2 database remains constant and is not subject to burial or decomposition.  This rock cover is unaffected by operations in contrast to rock added as an external residue that is manipulated by operations. 


� Buried residue is RUSLE2 nomenclature for material in the soil that affects soil loss that has been buried or placed in the soil by an operation.  


� (these need to be checked further) Browning, F.M., R.A. Norton, A.G. McCall, and F.G. Bell. 1948. Investigations in erosion control and reclamation of eroded land at the Missouri Valley Loess Conservation Experiment Station, Clarinda, Iowa, 1931-42. USDA Technical Bulletin 959.


Copley, T.L., L.A. Forrest, A.G. McCall, and F.G. Bell. 1944. Investigations in erosion control and reclamation of eroded land at the Central Piedmont Conservation Experiment Station, Statesville, North Carolina, 1930-40. USDA Technical Bulletin 873.


Hays, O.E., A.G. McCall, and F.G. Bell. 1949. Investigations in erosion control and reclamation of eroded land at the Upper Mississippi Valley Conservation Experiment Station near LaCrosse, Wisconsin, 1933-43. USDA-Technical Bulletin 973.


� Equation 6.31 also has a second part for very low soil biomass where cb = 1 so that the soil biomass subfactor equals 1 when no soil biomass is present.


� Soil loss ratio values in AH537 are the ratio of soil loss with a given cover-management system at a particular crop stage period to soil loss from the unit plot for the same crop stage.  The seedbed crop stage period is when the soil has been tilled to prepare a relatively smooth surface for seeding a crop so that the major effect is from soil biomass.


� The soil loss ratio values, except for conservation tillage and “undisturbed” land, are a summary of field measured soil loss for more than 10,000 plots years of data.  Erosion data are quite variable for unexplained reasons. Also, the length of record often varied between studies and locations, and the number of treatments and replications and other variables differed between locations, which prevents the data from being analyzed by common statistical procedures.  Instead, the data must be analyzed and interpreted for main effects, which was expertly done by W.H. Wischmeier and D.D. Smith in AH537.  The soil loss ratio values in AH537 are the most comprehensive available by far for calibrating RUSLE2 and are much better for calibrating and validating RUSLE2 than the original soil loss data.


� RUSLE2 divides the soil into 1-inch (25 mm) layers to account for soil biomass.  Depths of disturbance are rounded to the nearest 1-inch (25 mm) so that the depth of disturbance corresponds with the bottom of a soil layer.  The number of layers considered in an operation depends on the number of 1-inch (25 mm) in the depth of disturbance.  Thus, an operation with a 2-inch disturbance depth only involves two layers.  The minimum depth that RUSLE2 recognizes is 1 inch (25 mm).


� Data from several literature sources for major agricultural crops of corn, soybeans, wheat, and cotton, several hay and pasture crops, and for selected vegetable crops were reviewed to determined the distribution in figure 6.37.  The relative shape of the root distribution was very nearly the same for all crops and rooting depth for the roots judged to have the most effect on soil loss did not vary among crops, except that the rooting depths for field and pasture crops was about twice that for vegetable crops.   However, even though this difference in root depth occurs among these crops and rooting varies with plant development, RUSLE2 captures the main effect of roots on soil loss. 


� The root distribution differs between RUSLE2 and RUSLE1.  RUSLE1 assumed that the root biomass in the second 4 inch (100 mm)soil layer was 75 percent of that in the top 4 inch (100 mm) layer and that no roots were below 8 inches (200 mm).  Based on Figure 6.37, RUSLE1 assumed significantly too much root biomass below the 4 inch (100 mm) soil layer below the upper 4 inches (100 mm) of soil.


� The development and validation of the RUSLE2 procedure used to distribute buried residue in the soil and to redistribute previously buried residue and dead roots is described in Appendix ??.  The RUSLE2 procedure differs from procedures used in other models where material becomes uniformly distributed in the soil after many repeated events of the same operation.


� For additional information, see Reeder, J.D., C.D. Franks, and D.G. Michunas. 2001. Root biomass and microbial processes. In: The Potential of U.S. Grazing Lands to Sequester Carbon and Mitigate the Greenhouse Effect. R.K. Follett, J.M. Kimble, and R. Lal (eds). Lewis Publisher, Boca Raton, FL.


� The time invariant C factor in RUSLE1 uses a single representative value for root biomass for the entire year and does not consider root sloughing and the accumulation of a dead root biomass pool that can significantly reduce soil loss.  Also, the time invariant C factor in RUSLE1 does not consider the accumulation of a buried residue biomass pool that significantly reduce soil loss.  Although the time invariant C factor in RUSLE1 was easy to use, it could seriously over estimate soil loss by not considering these important soil biomass pools.   Thus, RUSLE2 does not include a time invariant cover-management computation, but it does include many of the easy to use features of the RUSLE1 time invariant C factor so that root sloughing can be easily considered using simple inputs that mimic RUSLE1 inputs.  RUSLE1 can consider these soil biomass pools by using  its time variant C factor with temporally varying canopy and root biomass values.  


� The data used to calibrate RUSLE2 to rangelands were collected as a part of the Water Erosion Prediction Project (WEPP) by R. Simantion and others, USDA-ARS, Tucson, AZ.  See Table 5-4 in AH703.


� A prior land use (PLU) subfactor was used in RUSLE1.  This subfactor was the product of the soil consolidation subfactor and the soil biomass subfactor.  This same product is used to display RUSLE2 subfactor values in some of the templates.


� The soil consolidation subfactor in RUSLE2 is one of the variables least well defined by research.  Although its effect varies with soil texture, the research data are not sufficient to derive an empirical equation for the effect of soil texture.  Therefore, the soil consolidation effect in RUSLE2 represents an overall effect across all soil textures.  Also, the soil consolidation subfactor equation was primarily derived from soil loss measured at Zanesville, OH.  However, limited soil loss data from other locations indicate that the equation is valid in general.


� The effects computed for the soil consolidation subfactor differ between the non-Req and Req applications.  The Req applications give increased credit for soil biomass, which is affected by the soil consolidation subfactor, but the Req applications do not adjust the soil length and the ground cover subfactor values as a function of the rill-to-interrill ratio that are used in non-Req applications.


� G. E. Dissmeyer and G. R. Foster. 1980. “A guide for predicting sheet and rill erosion on forest land,” Technical Publication SA-TP-11, USDA-Forest Service and Private Forestry-Southeastern Area.
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		Table 6.2. Sample computation of erosvity EI30 for an individual storm

		Time (hrs:min)		Duration of interval (minutes)		Cumulative rain depth (mm)		Rainfall in interval (mm)		Intensity (mm/h)		Unit energy (MJ/ha*mm )		Energy in interval (MJ/ha)

		4:00				0.0

		4:20		20		1.3		1.3		3.8		0.137		0.17

		4:27		7		3.0		1.8		15.2		0.230		0.41

		4:36		9		8.9		5.8		38.9		0.281		1.64

		4:50		13		26.7		17.8		82.1		0.290		5.15

		4:57		3		30.5		3.8		76.2		0.290		1.10

		5:05		8		31.8		1.3		9.5		0.194		0.25

		5:15		10		31.8		0.0		0.0		0.081		0.00

		5:30		20		33.0		1.3		3.8		0.137		0.17

		Total		90				33						8.90
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				cotton		corn		soybeans		wheat

		mass for 60% cover		4150		2400		1600		1550

		alpha		0.0002207929		0.0003817878		0.0005726817		0.0005911553

		0		0		0		0		0

		200		4.3197793332		7.3515127521		10.8220470763		11.1509267708

		400		8.4529537315		14.1625781067		20.4729271233		21.0584218632

		600		12.4075841163		20.4729271233		29.0793843884		29.861139433

		800		16.1913831951		26.3193700272		36.7544467966		37.6822724127

		1000		19.8117305032		31.7360109355		43.5989103379		44.6312765812

		1200		23.2756867966		36.7544467966		49.7026628127		50.8054023836

		1400		26.5900078218		41.4039517055		55.1458643212		56.291055939

		1600		29.7611574924		45.7116476681		60		61.1650082836

		1800		32.7953204949		49.7026628127		64.3288188305		65.4954697713

		2000		35.6984143511		53.40027797		68.1891708493		69.3430446698

		2200		38.4761009589		56.8260624774		71.6317537554		72.7615793088

		2400		41.1337976346		60		74.7017787187		75.7989156536

		2600		43.6766876786		62.9406051008		77.4395641352		78.4975608468

		2800		46.109730484		65.6650312427		79.8810651251		80.8952820908

		3000		48.4376712092		68.1891708493		82.0583457285		83.0256351946

		3200		50.665050032		70.5277480109		84		84.9184341839

		3400		52.7962110047		72.6944043742		85.7315275322		86.6001685439

		3600		54.8353105262		74.7017787187		87.2756683397		88.094373937

		3800		56.786325448		76.5615806822		88.6527015021		89.4219615809

		4000		58.6530608304		78.2846590672		89.8807114875		90.6015108988

		4200		60.4391573635		79.8810651251		90.9758256541		91.649529536

		4400		62.1480984678		81.360111188		91.95242605		92.5806843825

		4600		63.7832170874		82.730424991		92.8233382914		93.4080068339

		4800		65.3477021908		84		93.6		94.1430751646

		5000		66.84460499		85.1762420403		94.2926110129		94.796176564

		5200		68.2768448915		86.2660124971		94.9102673359		95.3764511046

		5400		69.6472151897		87.2756683397		95.4610806009		95.8920196562

		5600		70.9583885149		88.2110992044		95.952284595		96.3500975361

		5800		72.2129220459		89.0777617497		96.3903302616		96.757095487

		6000		73.4132624966		89.8807114875		96.78097042		97.1187093945

		6200		74.5617508887		90.6246322729		97.1293353166		97.44

		6400		75.6606271165		91.3138636269		97.44		97.7254637253

		6600		76.7120343162		91.95242605		97.7170444052		97.9790955997

		6800		77.7180230449		92.5440444752		97.9641069344		98.2044451695

		7000		78.6805552804		93.0921699964		98.1844322403		98.4046661738

		7200		79.6015082474		93.6		98.380913838		98.5825606805

		7400		80.4826780784		94.0704968161		98.5561321047		98.740618301

		7600		81.3257833171		94.5064049988		98.712388168		98.881051032

		7800		82.13246827		94.9102673359		98.8517341266		99.0058242121

		8000		82.904306213		95.2844396817		98.976		99.1166840261

		8200		83.6428024601		95.6311046999		99.0868177621		99.2151819435

		8400		84.3493972989		95.952284595		99.1856427737		99.3026964303

		8600		85.0254687999		96.2498529092		99.2737728961		99.3804522407

		8800		85.6723355039		96.5255454508		99.3523655352		99.4495375577

		9000		86.2912589938		96.78097042		99.4224528419		99.5109192215

		9200		86.8834463546		97.0176177901		99.4849552672		99.565456261

		9400		87.4500525282		97.2368679986		99.5406936506		99.6139119151

		9600		87.9921825654		97.44		99.5904		99.6569643147

		9800		88.5108937813		97.6281987265		99.6347271048		99.6952159728

		10000		89.0071978173		97.8025619995		99.6742571095		99.7292022165
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		Rougness		Sr

		0		1.1716347549

		0.05		1.1336018031

		0.1		1.0968034557

		0.2		1.026751567

		0.24		1

		0.3		0.9611738318

		0.4		0.8997844899

		0.5		0.8423160322

		0.6		0.7885180352

		0.7		0.7381560698

		0.8		0.6910106796

		0.9		0.6468764248

		1		0.6055609866

		1.1		0.5668843298

		1.2		0.5306779176

		1.3		0.4967839776

		1.4		0.4650548144

		1.5		0.4353521653

		1.6		0.4075465988

		1.7		0.3815169498

		1.8		0.3571497919

		1.9		0.3343389434

		2		0.312985004

		2.1		0.2929949223

		2.2		0.2742815899

		2.3		0.2567634618

		2.4		0.2403642014

		2.5		0.2250123476
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		bu		ratio		0.3		0.5		0.7		0.9		1.1		1.3		1.5		1.7		1.9		2.1		2.3		2.5

		0		0.2		1.5		2.5		3.5		4.5		5.5		6.5		7.5		8.5		9.5		10.5		11.5		12.5

		100		0.2904636506		1.0328314726		1.7213857876		2.4099401026		3.0984944177		3.7870487327		4.4756030477		5.1641573628		5.8527116778		6.5412659928		7.2298203079		7.9183746229		8.606928938

		200		0.3706977111		0.8092847379		1.3488078965		1.8883310551		2.4278542137		2.9673773722		3.5069005308		4.0464236894		4.585946848		5.1254700066		5.6649931652		6.2045163238		6.7440394824

		300		0.4418589391		0.6789497132		1.1315828553		1.5842159974		2.0368491396		2.4894822817		2.9421154238		3.3947485659		3.8473817081		4.3000148502		4.7526479923		5.2052811344		5.6579142766

		400		0.5049732866		0.5940908321		0.9901513868		1.3862119416		1.7822724963		2.178333051		2.5743936058		2.9704541605		3.3665147153		3.76257527		4.1586358247		4.5546963795		4.9507569342

		500		0.5609506911		0.5348063649		0.8913439415		1.2478815181		1.6044190947		1.9609566712		2.3174942478		2.6740318244		3.030569401		3.3871069776		3.7436445542		4.1001821308		4.4567197074

		600		0.6105981952		0.4913214653		0.8188691089		1.1464167524		1.4739643959		1.8015120395		2.129059683		2.4566073266		2.7841549701		3.1117026137		3.4392502572		3.7667979007		4.0943455443

		700		0.6546315813		0.4582730326		0.7637883877		1.0693037428		1.3748190979		1.680334453		1.9858498081		2.2913651632		2.5968805183		2.9023958733		3.2079112284		3.5134265835		3.8189419386

		800		0.6936856912		0.4324725215		0.7207875358		1.0091025501		1.2974175645		1.5857325788		1.8740475931		2.1623626074		2.4506776217		2.7389926361		3.0273076504		3.3156226647		3.603937679

		900		0.7283235795		0.4119048297		0.6865080496		0.9611112694		1.2357144892		1.510317709		1.7849209289		2.0595241487		2.3341273685		2.6087305883		2.8833338082		3.157937028		3.4325402478

		1000		0.7590446305		0.3952336766		0.6587227943		0.9222119121		1.1857010298		1.4491901475		1.7126792652		1.976168383		2.2396575007		2.5031466184		2.7666357362		3.0301248539		3.2936139716

		1100		0.7862917584		0.3815377648		0.6358962747		0.8902547846		1.1446132944		1.3989718043		1.6533303142		1.9076888241		2.1620473339		2.4164058438		2.6707643537		2.9251228636		3.1794813734

		1200		0.8104577931		0.3701611639		0.6169352732		0.8637093825		1.1104834918		1.3572576011		1.6040317104		1.8508058197		2.097579929		2.3443540383		2.5911281476		2.8379022569		3.0846763662

		1300		0.831891143		0.3606241063		0.6010401772		0.841456248		1.0818723189		1.3222883898		1.5627044606		1.8031205315		2.0435366024		2.2839526733		2.5243687441		2.764784815		3.0052008859

		1400		0.8509008192		0.3525675299		0.5876125498		0.8226575698		1.0577025897		1.2927476096		1.5277926295		1.7628376495		1.9978826694		2.2329276893		2.4679727093		2.7030177292		2.9380627491

		1500		0.8677608894		0.3457173556		0.5761955927		0.8066738298		1.0371520669		1.2676303039		1.498108541		1.7285867781		1.9590650152		2.1895432522		2.4200214893		2.6504997264		2.8809779635

		1600		0.8827144303		0.3398607632		0.5664346054		0.7930084476		1.0195822897		1.2461561319		1.472729974		1.6993038162		1.9258776583		2.1524515005		2.3790253427		2.6055991848		2.832173027

		1700		0.8959770313		0.3348300118		0.5580500197		0.7812700276		1.0044900355		1.2277100434		1.4509300513		1.6741500592		1.8973700671		2.120590075		2.3438100829		2.5670300908		2.7902500987

		1800		0.9077399032		0.330491145		0.5508185751		0.7711460051		0.9914734351		1.2118008652		1.4321282952		1.6524557252		1.8727831552		2.0931105853		2.3134380153		2.5337654453		2.7540928754

		1900		0.9181726346		0.3267359412		0.5445599021		0.7623838629		0.9802078237		1.1980317846		1.4158557454		1.6336797062		1.8515036671		2.0693276279		2.2871515887		2.5049755495		2.7227995104

		2000		0.9274256374		0.3234760696		0.5391267826		0.7547774957		0.9704282087		1.1860789218		1.4017296348		1.6173803479		1.8330310609		2.048681774		2.264332487		2.4799832001		2.6956339131
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				cotton		corn		soybeans		wheat

		mass for 60% cover		4150		2400		1600		1550

		alpha		0.0002207929		0.0003817878		0.0005726817		0.0005911553

		0		0		0		0		0

		200		4.3197793332		7.3515127521		10.8220470763		11.1509267708

		400		8.4529537315		14.1625781067		20.4729271233		21.0584218632

		600		12.4075841163		20.4729271233		29.0793843884		29.861139433

		800		16.1913831951		26.3193700272		36.7544467966		37.6822724127

		1000		19.8117305032		31.7360109355		43.5989103379		44.6312765812

		1200		23.2756867966		36.7544467966		49.7026628127		50.8054023836

		1400		26.5900078218		41.4039517055		55.1458643212		56.291055939

		1600		29.7611574924		45.7116476681		60		61.1650082836

		1800		32.7953204949		49.7026628127		64.3288188305		65.4954697713

		2000		35.6984143511		53.40027797		68.1891708493		69.3430446698

		2200		38.4761009589		56.8260624774		71.6317537554		72.7615793088

		2400		41.1337976346		60		74.7017787187		75.7989156536

		2600		43.6766876786		62.9406051008		77.4395641352		78.4975608468

		2800		46.109730484		65.6650312427		79.8810651251		80.8952820908

		3000		48.4376712092		68.1891708493		82.0583457285		83.0256351946

		3200		50.665050032		70.5277480109		84		84.9184341839

		3400		52.7962110047		72.6944043742		85.7315275322		86.6001685439

		3600		54.8353105262		74.7017787187		87.2756683397		88.094373937

		3800		56.786325448		76.5615806822		88.6527015021		89.4219615809

		4000		58.6530608304		78.2846590672		89.8807114875		90.6015108988

		4200		60.4391573635		79.8810651251		90.9758256541		91.649529536

		4400		62.1480984678		81.360111188		91.95242605		92.5806843825

		4600		63.7832170874		82.730424991		92.8233382914		93.4080068339

		4800		65.3477021908		84		93.6		94.1430751646

		5000		66.84460499		85.1762420403		94.2926110129		94.796176564

		5200		68.2768448915		86.2660124971		94.9102673359		95.3764511046

		5400		69.6472151897		87.2756683397		95.4610806009		95.8920196562

		5600		70.9583885149		88.2110992044		95.952284595		96.3500975361

		5800		72.2129220459		89.0777617497		96.3903302616		96.757095487

		6000		73.4132624966		89.8807114875		96.78097042		97.1187093945

		6200		74.5617508887		90.6246322729		97.1293353166		97.44

		6400		75.6606271165		91.3138636269		97.44		97.7254637253

		6600		76.7120343162		91.95242605		97.7170444052		97.9790955997

		6800		77.7180230449		92.5440444752		97.9641069344		98.2044451695

		7000		78.6805552804		93.0921699964		98.1844322403		98.4046661738

		7200		79.6015082474		93.6		98.380913838		98.5825606805

		7400		80.4826780784		94.0704968161		98.5561321047		98.740618301

		7600		81.3257833171		94.5064049988		98.712388168		98.881051032

		7800		82.13246827		94.9102673359		98.8517341266		99.0058242121

		8000		82.904306213		95.2844396817		98.976		99.1166840261

		8200		83.6428024601		95.6311046999		99.0868177621		99.2151819435

		8400		84.3493972989		95.952284595		99.1856427737		99.3026964303

		8600		85.0254687999		96.2498529092		99.2737728961		99.3804522407

		8800		85.6723355039		96.5255454508		99.3523655352		99.4495375577

		9000		86.2912589938		96.78097042		99.4224528419		99.5109192215

		9200		86.8834463546		97.0176177901		99.4849552672		99.565456261

		9400		87.4500525282		97.2368679986		99.5406936506		99.6139119151

		9600		87.9921825654		97.44		99.5904		99.6569643147

		9800		88.5108937813		97.6281987265		99.6347271048		99.6952159728

		10000		89.0071978173		97.8025619995		99.6742571095		99.7292022165
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		Rougness		Sr

		0		1.1716347549

		0.05		1.1336018031

		0.1		1.0968034557

		0.2		1.026751567

		0.24		1

		0.3		0.9611738318

		0.4		0.8997844899

		0.5		0.8423160322

		0.6		0.7885180352

		0.7		0.7381560698

		0.8		0.6910106796

		0.9		0.6468764248

		1		0.6055609866

		1.1		0.5668843298

		1.2		0.5306779176

		1.3		0.4967839776

		1.4		0.4650548144

		1.5		0.4353521653

		1.6		0.4075465988

		1.7		0.3815169498

		1.8		0.3571497919

		1.9		0.3343389434

		2		0.312985004

		2.1		0.2929949223

		2.2		0.2742815899

		2.3		0.2567634618

		2.4		0.2403642014

		2.5		0.2250123476
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Sheet3

		

		bu		ratio		0.3		0.5		0.7		0.9		1.1		1.3		1.5		1.7		1.9		2.1		2.3		2.5

		0		0.2		1.5		2.5		3.5		4.5		5.5		6.5		7.5		8.5		9.5		10.5		11.5		12.5

		100		0.2904636506		1.0328314726		1.7213857876		2.4099401026		3.0984944177		3.7870487327		4.4756030477		5.1641573628		5.8527116778		6.5412659928		7.2298203079		7.9183746229		8.606928938

		200		0.3706977111		0.8092847379		1.3488078965		1.8883310551		2.4278542137		2.9673773722		3.5069005308		4.0464236894		4.585946848		5.1254700066		5.6649931652		6.2045163238		6.7440394824

		300		0.4418589391		0.6789497132		1.1315828553		1.5842159974		2.0368491396		2.4894822817		2.9421154238		3.3947485659		3.8473817081		4.3000148502		4.7526479923		5.2052811344		5.6579142766

		400		0.5049732866		0.5940908321		0.9901513868		1.3862119416		1.7822724963		2.178333051		2.5743936058		2.9704541605		3.3665147153		3.76257527		4.1586358247		4.5546963795		4.9507569342

		500		0.5609506911		0.5348063649		0.8913439415		1.2478815181		1.6044190947		1.9609566712		2.3174942478		2.6740318244		3.030569401		3.3871069776		3.7436445542		4.1001821308		4.4567197074

		600		0.6105981952		0.4913214653		0.8188691089		1.1464167524		1.4739643959		1.8015120395		2.129059683		2.4566073266		2.7841549701		3.1117026137		3.4392502572		3.7667979007		4.0943455443

		700		0.6546315813		0.4582730326		0.7637883877		1.0693037428		1.3748190979		1.680334453		1.9858498081		2.2913651632		2.5968805183		2.9023958733		3.2079112284		3.5134265835		3.8189419386

		800		0.6936856912		0.4324725215		0.7207875358		1.0091025501		1.2974175645		1.5857325788		1.8740475931		2.1623626074		2.4506776217		2.7389926361		3.0273076504		3.3156226647		3.603937679

		900		0.7283235795		0.4119048297		0.6865080496		0.9611112694		1.2357144892		1.510317709		1.7849209289		2.0595241487		2.3341273685		2.6087305883		2.8833338082		3.157937028		3.4325402478

		1000		0.7590446305		0.3952336766		0.6587227943		0.9222119121		1.1857010298		1.4491901475		1.7126792652		1.976168383		2.2396575007		2.5031466184		2.7666357362		3.0301248539		3.2936139716

		1100		0.7862917584		0.3815377648		0.6358962747		0.8902547846		1.1446132944		1.3989718043		1.6533303142		1.9076888241		2.1620473339		2.4164058438		2.6707643537		2.9251228636		3.1794813734

		1200		0.8104577931		0.3701611639		0.6169352732		0.8637093825		1.1104834918		1.3572576011		1.6040317104		1.8508058197		2.097579929		2.3443540383		2.5911281476		2.8379022569		3.0846763662

		1300		0.831891143		0.3606241063		0.6010401772		0.841456248		1.0818723189		1.3222883898		1.5627044606		1.8031205315		2.0435366024		2.2839526733		2.5243687441		2.764784815		3.0052008859

		1400		0.8509008192		0.3525675299		0.5876125498		0.8226575698		1.0577025897		1.2927476096		1.5277926295		1.7628376495		1.9978826694		2.2329276893		2.4679727093		2.7030177292		2.9380627491

		1500		0.8677608894		0.3457173556		0.5761955927		0.8066738298		1.0371520669		1.2676303039		1.498108541		1.7285867781		1.9590650152		2.1895432522		2.4200214893		2.6504997264		2.8809779635

		1600		0.8827144303		0.3398607632		0.5664346054		0.7930084476		1.0195822897		1.2461561319		1.472729974		1.6993038162		1.9258776583		2.1524515005		2.3790253427		2.6055991848		2.832173027

		1700		0.8959770313		0.3348300118		0.5580500197		0.7812700276		1.0044900355		1.2277100434		1.4509300513		1.6741500592		1.8973700671		2.120590075		2.3438100829		2.5670300908		2.7902500987

		1800		0.9077399032		0.330491145		0.5508185751		0.7711460051		0.9914734351		1.2118008652		1.4321282952		1.6524557252		1.8727831552		2.0931105853		2.3134380153		2.5337654453		2.7540928754

		1900		0.9181726346		0.3267359412		0.5445599021		0.7623838629		0.9802078237		1.1980317846		1.4158557454		1.6336797062		1.8515036671		2.0693276279		2.2871515887		2.5049755495		2.7227995104

		2000		0.9274256374		0.3234760696		0.5391267826		0.7547774957		0.9704282087		1.1860789218		1.4017296348		1.6173803479		1.8330310609		2.048681774		2.264332487		2.4799832001		2.6956339131
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Total soil biomass in depth of tillage after disturbance (lbs/ac) per inch
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Sheet4

		

		bu		ratio		0.3		0.6		1.2		2.5

		0		0.2		0.252		0.312		0.432		0.692

		100		0.2904636506		0.257427819		0.3445669142		0.5188451046		0.8964478504

		200		0.3706977111		0.2622418627		0.373451176		0.5958698027		1.0777768272

		300		0.4418589391		0.2665115363		0.3990692181		0.6641845816		1.2386012025

		400		0.5049732866		0.2702983972		0.4217903832		0.7247743551		1.3812396276

		500		0.5609506911		0.2736570415		0.4419422488		0.7785126635		1.5077485619

		600		0.6105981952		0.2766358917		0.4598153503		0.8261742674		1.6199519212

		700		0.6546315813		0.2792778949		0.4756673693		0.868446318		1.7194673736

		800		0.6936856912		0.2816211415		0.4897268488		0.9059382636		1.8077296622

		900		0.7283235795		0.2836994148		0.5021964886		0.9391906363		1.8860112896

		1000		0.7590446305		0.2855426778		0.513256067		0.9686828453		1.9554408649

		1100		0.7862917584		0.2871775055		0.523065033		0.9948400881		2.017019374

		1200		0.8104577931		0.2886274676		0.5317648055		1.0180394813		2.0716346123

		1300		0.831891143		0.2899134686		0.5394808115		1.0386154973		2.1200739833

		1400		0.8509008192		0.2910540492		0.5463242949		1.0568647864		2.1630358513

		1500		0.8677608894		0.2920656534		0.5523939202		1.0730504538		2.2011396101

		1600		0.8827144303		0.2929628658		0.5577771949		1.0874058531		2.2349346125

		1700		0.8959770313		0.2937586219		0.5625517313		1.10013795		2.2649080907

		1800		0.9077399032		0.2944643942		0.5667863651		1.111430307		2.2914921812

		1900		0.9181726346		0.2950903581		0.5705421485		1.1214457292		2.3150701543

		2000		0.9274256374		0.2956455382		0.5738732295		1.1303286119		2.3359819405

		0.5636363636

		0.75

		0.5555555556

		0.55

		0.8918918919

		38.1

		81.28
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Total of buried residue and dead roots average over depth of disturbance (lbs/acre) per in of disturbance

Adjusted roughness value Ra (in)
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		Texture class		Adjustment factor

		clay		1.39

		clay loam		1.22

		loam		1.05

		loamy sand		0.78

		sand		0.69

		sandy clay		1.25

		sandy clay loam		1.13

		sandy loam		0.9

		silt		0.81

		silt loam		1.02

		silty clay		1.33

		silty clay loam		1.23
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		Range		Roughness

		0		0

		12		2.6
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Range in surface elevation (in)

Measured roughness value Rm (in)
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		Table 6.16. Factor to adjust input roughness as a function of soil texture

		Soil texture class		Adjustment factor

		clay		1.39

		clay loam		1.22

		loam		1.05

		loamy sand		0.78

		sand		0.69

		sandy clay		1.25

		sandy clay loam		1.13

		sandy loam		0.90

		silt		0.81

		silt loam		1.02

		silty clay		1.33

		silty clay loam		1.23
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		height		Ridge factor 0-6

		0		0.9

		0.5		0.9146308751

		1		0.95238

		1.5		1.0104519559

		2		1.0875256529

		2.5		1.1827320942

		3		1.2954290786

		3.5		1.4074719112

		4		1.491843399

		4.5		1.5580797568

		5		1.6100790186

		5.5		1.6509013603

		6		1.6829491918

		6.5		1.70810854

		7		1.7278600416

		7.5		1.74336608

		8		1.7555391913

		8.5		1.7650957674

		9		1.7725982166

		9.5		1.7784880607

		10		1.7831119191





Sheet8

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Ridge height (in)

Ridge height subfactor 0-6% steepness

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0





MBD00031F7D.xls

Chart1


			clay


			clay loam


			loam


			loam sand


			sand


			sandy clay


			sandy clay loam


			sandy loam


			silt


			silt loam


			silty clay


			silty clay loam





adjustment


texture


adjustment factor


effect of texture on roughness


1.3863571923


1.2178166624


1.0506988968


0.7789018278


0.6925488543


1.2517083458


1.1261023415


0.8997225355


0.8061907273


1.021775876


1.3297749313


1.2349578807





Sheet1


			Soil Loss Ratios


			AH537


			Continuous corn


			Spring moldboard plowed


			Secondary tillage operations


						Crop stage


			Spring residue			F			SB			F/SB


			4,500			0.31			0.55			0.56


			3,400			0.36			0.6			0.60


			2,600			0.43			0.64			0.67


			2,000			0.51			0.68			0.75


			Adjustment factor


			After meadow			F


			3-5 tons			0.25


			2-3 tons			0.30


			1-2 tons			0.35








Sheet2


			


			R impl			intensity			R initial			R final


			0.6			0.75			2			0.95


			0.6			0.75			1.9			0.93


			0.6			0.75			1.8			0.90


			0.6			0.75			1.7			0.88


			0.6			0.75			1.6			0.85


			0.6			0.75			1.5			0.83


			0.6			0.75			1.4			0.80


			0.6			0.75			1.3			0.78


			0.6			0.75			1.2			0.75


			0.6			0.75			1.1			0.73


			0.6			0.75			1			0.70


			0.6			0.75			0.9			0.68


			0.6			0.75			0.8			0.65


			0.6			0.75			0.7			0.63


			0.6			0.75			0.6			0.60


			0.6			0.5			0.77			0.69








Sheet3


			


			0.1583738009			0.2587357607			1.554806791			0.315508154


						sand			silt			clay


			clay			0.2			0.2			0.6						0.1044322906			1.3233701651			1.4278024556			1.4			0.000386684


			silt loam			0.2			0.65			0.15						0.1044322906			0.8545284039			0.9589606945			1			0.001756045


			sand			0.9			0.06			0.04						0.1541147622			0.5631381598			0.717252922			0.7			0.0005928345


																														0.0027355635


			0.16			0.25			1.4696641821			0.2714722009


						sand			silt			clay


			clay			0.2			0.2			0.6						0.1069984488			1.2793587435			1.3863571923			1.4			0.0000958961


			silt loam			0.2			0.65			0.15						0.1436641216			0.8781117544			1.021775876			1			0.000464065


			sand			0.9			0.06			0.04						0.0791877121			0.6133611422			0.6925488543			0.7			0.0001145232


																														0.0006744843


			0.16			0.25			1.47			0.27


			texture																					adjustment


			clay			0.2			0.2			0.6						0.1069984488			1.2793587435			1.39


			clay loam			0.33			0.33			0.34						0.121268629			1.0965480334			1.22


			loam			0.41			0.41			0.18						0.1280312386			0.9226676582			1.05


			loam sand			0.82			0.12			0.06						0.0941705906			0.6847312372			0.78


			sand			0.9			0.06			0.04						0.0791877121			0.6133611422			0.69


			sandy clay			0.51			0.05			0.44						0.0756593287			1.1760490171			1.25


			sandy clay loam			0.6			0.13			0.27						0.0960739885			1.030028353			1.13


			sandy loam			0.65			0.25			0.1						0.113137085			0.7865854505			0.90


			silt			0.8			0.87			0.05						0.1545253713			0.651665356			0.81


			silt loam			0.2			0.65			0.15						0.1436641216			0.8781117544			1.02


			silty clay			0.06			0.47			0.47						0.1324782087			1.1972967227			1.33


			silty clay loam			0.1			0.56			0.34						0.1384098473			1.0965480334			1.23








Sheet3


			





adjustment


texture


adjustment factor


effect of texture on roughness





			





adjustment


Soil Texture


Adjustment factor


Effect of soil texture on roughness








_1072606484.xls
Sheet1

		Table 6.17. Effect of yield and tillage system on the soil biomass subfactor at Columbia, MO

				Soil biomass subfactor

				Type tillage system

		Yield (bu/acre)		Clean till		Reduced till		No till

		50		0.78		0.74		0.57

		100		0.66		0.60		0.38

		200		0.48		0.40		0.16
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		Texture class		Adjustment factor

		clay		1.39

		clay loam		1.22

		loam		1.05

		loamy sand		0.78

		sand		0.69

		sandy clay		1.25

		sandy clay loam		1.13

		sandy loam		0.9

		silt		0.81

		silt loam		1.02

		silty clay		1.33

		silty clay loam		1.23
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		Range		Roughness
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		Table 6.16. Factor to adjust input roughness as a function of soil texture

		Soil texture class		Adjustment factor

		clay		1.39

		clay loam		1.22

		loam		1.05

		loamy sand		0.78

		sand		0.69

		sandy clay		1.25

		sandy clay loam		1.13

		sandy loam		0.90

		silt		0.81

		silt loam		1.02

		silty clay		1.33

		silty clay loam		1.23
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		height		Ridge factor 0-6
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		0.5		0.9146308751

		1		0.95238

		1.5		1.0104519559

		2		1.0875256529

		2.5		1.1827320942

		3		1.2954290786

		3.5		1.4074719112

		4		1.491843399

		4.5		1.5580797568

		5		1.6100790186

		5.5		1.6509013603

		6		1.6829491918

		6.5		1.70810854

		7		1.7278600416

		7.5		1.74336608

		8		1.7555391913

		8.5		1.7650957674

		9		1.7725982166

		9.5		1.7784880607

		10		1.7831119191





Sheet8

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Ridge height (in)

Ridge height subfactor 0-6% steepness

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet9

		

		1				0		0		1		1.5

						0.025		0.158113883		0.841886117		1.4209430585

						0.05		0.2236067977		0.7763932023		1.3881966011

						0.1		0.316227766		0.683772234		1.341886117

						0.15		0.3872983346		0.6127016654		1.3063508327

						0.2		0.4472135955		0.5527864045		1.2763932023

						0.25		0.5		0.5		1.25

						0.3		0.5477225575		0.4522774425		1.2261387212

						0.35		0.5916079783		0.4083920217		1.2041960108

						0.4		0.632455532		0.367544468		1.183772234

						0.45		0.6708203932		0.3291796068		1.1645898034

						0.5		0.7071067812		0.2928932188		1.1464466094

						0.55		0.7416198487		0.2583801513		1.1291900756

						0.6		0.7745966692		0.2254033308		1.1127016654

						0.65		0.8062257748		0.1937742252		1.0968871126

						0.7		0.8366600265		0.1633399735		1.0816699867

						0.75		0.8660254038		0.1339745962		1.0669872981

						0.8		0.894427191		0.105572809		1.0527864045

						0.85		0.9219544457		0.0780455543		1.0390227771

						0.9		0.9486832981		0.0513167019		1.025658351

						0.95		0.9746794345		0.0253205655		1.0126602828

						1		1		0		1





Sheet9

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet10

		Table 6.17. Effect of yield and tillage system on the soil biomass subfactor at Columbia, MO

				Type tillage system

		Yield (bu/acre)		Clean till		Reduced till		No till

		50		0.78		0.74		0.57

		100		0.66		0.6		0.38

		200		0.48		0.4		0.16

		Table 6.18. Effect of production level of a grass on the soil biomass subfactor at Columbia, MO

		Yield (lbs/acre)		Soil biomass subfactor

		1000		0.51

		2000		0.27

		4000		0.08
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		5		491		10.6277056277

		6		294		6.3636363636

		7		158		3.4199134199

		8		77		1.6666666667

		9		58		1.2554112554

		10		38		0.8225108225

				4620		100
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		Table 6.19. Retention coefficient values for redistributing residue among 1-in (25 mm) thick soil layers

				Mixing distribution

		Layer		Inversion w/mixing		Mixing w/inversion		Mixing

		1 (top)		0.40		0.32		0.50

		2		0.40		0.39		0.56

		3		0.40		0.47		0.61

		4		0.40		0.54		0.67

		5		0.40		0.62		0.72

		6		0.40		0.69		0.78

		7		0.40		0.77		0.83

		8		0.40		0.84		0.89

		9		0.50		0.92		0.94

		10		1.00		1.00		1.00
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		Table 6.20. Values for two vegetations: silage corn interseeded with rye and rye after silage corn harvest

		Days since begin growth		Root biomass (lbs/acre per inch over top 4 inches)		Comment

		0		0		Begin growth for corn that is interseeded with rye on day 90

		15		40

		30		160

		45		320

		60		480

		75		760

		90		950		Rye begins to develop

		105		980

		120		1080

		135		1280

		150		1380		Silage corn harvested, rye continues to grow

		0		120		Begin growth "calls in" vegetation "interseeded rye after corn silage" that reflects vegetation already growing

		15		300

		30		320

		45		320

		90		320

		105		320

		120		320

		135		340

		150		360

		165		400

		180		400

		195		400
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		Table 6.18. Effect of production level of a grass on the soil biomass subfactor

				Soil biomass subfactor

		Yield (lbs/acre)		St. Paul, MN		Columbia, MO		Baton Rouge, LA

		1000		0.47		0.51		0.56

		2000		0.22		0.27		0.33

		4000		0.05		0.08		0.11
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				cotton		corn		soybeans		wheat

		mass for 60% cover		4150		2400		1600		1550

		alpha		0.0002207929		0.0003817878		0.0005726817		0.0005911553

		0		0		0		0		0

		200		4.3197793332		7.3515127521		10.8220470763		11.1509267708

		400		8.4529537315		14.1625781067		20.4729271233		21.0584218632

		600		12.4075841163		20.4729271233		29.0793843884		29.861139433

		800		16.1913831951		26.3193700272		36.7544467966		37.6822724127

		1000		19.8117305032		31.7360109355		43.5989103379		44.6312765812

		1200		23.2756867966		36.7544467966		49.7026628127		50.8054023836

		1400		26.5900078218		41.4039517055		55.1458643212		56.291055939

		1600		29.7611574924		45.7116476681		60		61.1650082836

		1800		32.7953204949		49.7026628127		64.3288188305		65.4954697713

		2000		35.6984143511		53.40027797		68.1891708493		69.3430446698

		2200		38.4761009589		56.8260624774		71.6317537554		72.7615793088

		2400		41.1337976346		60		74.7017787187		75.7989156536

		2600		43.6766876786		62.9406051008		77.4395641352		78.4975608468

		2800		46.109730484		65.6650312427		79.8810651251		80.8952820908

		3000		48.4376712092		68.1891708493		82.0583457285		83.0256351946

		3200		50.665050032		70.5277480109		84		84.9184341839

		3400		52.7962110047		72.6944043742		85.7315275322		86.6001685439

		3600		54.8353105262		74.7017787187		87.2756683397		88.094373937

		3800		56.786325448		76.5615806822		88.6527015021		89.4219615809

		4000		58.6530608304		78.2846590672		89.8807114875		90.6015108988

		4200		60.4391573635		79.8810651251		90.9758256541		91.649529536

		4400		62.1480984678		81.360111188		91.95242605		92.5806843825

		4600		63.7832170874		82.730424991		92.8233382914		93.4080068339

		4800		65.3477021908		84		93.6		94.1430751646

		5000		66.84460499		85.1762420403		94.2926110129		94.796176564

		5200		68.2768448915		86.2660124971		94.9102673359		95.3764511046

		5400		69.6472151897		87.2756683397		95.4610806009		95.8920196562

		5600		70.9583885149		88.2110992044		95.952284595		96.3500975361

		5800		72.2129220459		89.0777617497		96.3903302616		96.757095487

		6000		73.4132624966		89.8807114875		96.78097042		97.1187093945

		6200		74.5617508887		90.6246322729		97.1293353166		97.44

		6400		75.6606271165		91.3138636269		97.44		97.7254637253

		6600		76.7120343162		91.95242605		97.7170444052		97.9790955997

		6800		77.7180230449		92.5440444752		97.9641069344		98.2044451695

		7000		78.6805552804		93.0921699964		98.1844322403		98.4046661738

		7200		79.6015082474		93.6		98.380913838		98.5825606805

		7400		80.4826780784		94.0704968161		98.5561321047		98.740618301

		7600		81.3257833171		94.5064049988		98.712388168		98.881051032

		7800		82.13246827		94.9102673359		98.8517341266		99.0058242121

		8000		82.904306213		95.2844396817		98.976		99.1166840261

		8200		83.6428024601		95.6311046999		99.0868177621		99.2151819435

		8400		84.3493972989		95.952284595		99.1856427737		99.3026964303

		8600		85.0254687999		96.2498529092		99.2737728961		99.3804522407

		8800		85.6723355039		96.5255454508		99.3523655352		99.4495375577

		9000		86.2912589938		96.78097042		99.4224528419		99.5109192215

		9200		86.8834463546		97.0176177901		99.4849552672		99.565456261

		9400		87.4500525282		97.2368679986		99.5406936506		99.6139119151

		9600		87.9921825654		97.44		99.5904		99.6569643147

		9800		88.5108937813		97.6281987265		99.6347271048		99.6952159728

		10000		89.0071978173		97.8025619995		99.6742571095		99.7292022165
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		Rougness		Sr

		0		1.1716347549

		0.05		1.1336018031

		0.1		1.0968034557

		0.2		1.026751567

		0.24		1

		0.3		0.9611738318

		0.4		0.8997844899

		0.5		0.8423160322

		0.6		0.7885180352

		0.7		0.7381560698

		0.8		0.6910106796

		0.9		0.6468764248

		1		0.6055609866

		1.1		0.5668843298

		1.2		0.5306779176

		1.3		0.4967839776

		1.4		0.4650548144

		1.5		0.4353521653

		1.6		0.4075465988

		1.7		0.3815169498

		1.8		0.3571497919

		1.9		0.3343389434

		2		0.312985004

		2.1		0.2929949223

		2.2		0.2742815899

		2.3		0.2567634618

		2.4		0.2403642014

		2.5		0.2250123476
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Sheet3

		

		bu		ratio		0.3		0.5		0.7		0.9		1.1		1.3		1.5		1.7		1.9		2.1		2.3		2.5

		0		0.2		1.5		2.5		3.5		4.5		5.5		6.5		7.5		8.5		9.5		10.5		11.5		12.5

		100		0.2904636506		1.0328314726		1.7213857876		2.4099401026		3.0984944177		3.7870487327		4.4756030477		5.1641573628		5.8527116778		6.5412659928		7.2298203079		7.9183746229		8.606928938

		200		0.3706977111		0.8092847379		1.3488078965		1.8883310551		2.4278542137		2.9673773722		3.5069005308		4.0464236894		4.585946848		5.1254700066		5.6649931652		6.2045163238		6.7440394824

		300		0.4418589391		0.6789497132		1.1315828553		1.5842159974		2.0368491396		2.4894822817		2.9421154238		3.3947485659		3.8473817081		4.3000148502		4.7526479923		5.2052811344		5.6579142766

		400		0.5049732866		0.5940908321		0.9901513868		1.3862119416		1.7822724963		2.178333051		2.5743936058		2.9704541605		3.3665147153		3.76257527		4.1586358247		4.5546963795		4.9507569342

		500		0.5609506911		0.5348063649		0.8913439415		1.2478815181		1.6044190947		1.9609566712		2.3174942478		2.6740318244		3.030569401		3.3871069776		3.7436445542		4.1001821308		4.4567197074

		600		0.6105981952		0.4913214653		0.8188691089		1.1464167524		1.4739643959		1.8015120395		2.129059683		2.4566073266		2.7841549701		3.1117026137		3.4392502572		3.7667979007		4.0943455443

		700		0.6546315813		0.4582730326		0.7637883877		1.0693037428		1.3748190979		1.680334453		1.9858498081		2.2913651632		2.5968805183		2.9023958733		3.2079112284		3.5134265835		3.8189419386

		800		0.6936856912		0.4324725215		0.7207875358		1.0091025501		1.2974175645		1.5857325788		1.8740475931		2.1623626074		2.4506776217		2.7389926361		3.0273076504		3.3156226647		3.603937679

		900		0.7283235795		0.4119048297		0.6865080496		0.9611112694		1.2357144892		1.510317709		1.7849209289		2.0595241487		2.3341273685		2.6087305883		2.8833338082		3.157937028		3.4325402478

		1000		0.7590446305		0.3952336766		0.6587227943		0.9222119121		1.1857010298		1.4491901475		1.7126792652		1.976168383		2.2396575007		2.5031466184		2.7666357362		3.0301248539		3.2936139716

		1100		0.7862917584		0.3815377648		0.6358962747		0.8902547846		1.1446132944		1.3989718043		1.6533303142		1.9076888241		2.1620473339		2.4164058438		2.6707643537		2.9251228636		3.1794813734

		1200		0.8104577931		0.3701611639		0.6169352732		0.8637093825		1.1104834918		1.3572576011		1.6040317104		1.8508058197		2.097579929		2.3443540383		2.5911281476		2.8379022569		3.0846763662

		1300		0.831891143		0.3606241063		0.6010401772		0.841456248		1.0818723189		1.3222883898		1.5627044606		1.8031205315		2.0435366024		2.2839526733		2.5243687441		2.764784815		3.0052008859

		1400		0.8509008192		0.3525675299		0.5876125498		0.8226575698		1.0577025897		1.2927476096		1.5277926295		1.7628376495		1.9978826694		2.2329276893		2.4679727093		2.7030177292		2.9380627491

		1500		0.8677608894		0.3457173556		0.5761955927		0.8066738298		1.0371520669		1.2676303039		1.498108541		1.7285867781		1.9590650152		2.1895432522		2.4200214893		2.6504997264		2.8809779635

		1600		0.8827144303		0.3398607632		0.5664346054		0.7930084476		1.0195822897		1.2461561319		1.472729974		1.6993038162		1.9258776583		2.1524515005		2.3790253427		2.6055991848		2.832173027

		1700		0.8959770313		0.3348300118		0.5580500197		0.7812700276		1.0044900355		1.2277100434		1.4509300513		1.6741500592		1.8973700671		2.120590075		2.3438100829		2.5670300908		2.7902500987

		1800		0.9077399032		0.330491145		0.5508185751		0.7711460051		0.9914734351		1.2118008652		1.4321282952		1.6524557252		1.8727831552		2.0931105853		2.3134380153		2.5337654453		2.7540928754

		1900		0.9181726346		0.3267359412		0.5445599021		0.7623838629		0.9802078237		1.1980317846		1.4158557454		1.6336797062		1.8515036671		2.0693276279		2.2871515887		2.5049755495		2.7227995104

		2000		0.9274256374		0.3234760696		0.5391267826		0.7547774957		0.9704282087		1.1860789218		1.4017296348		1.6173803479		1.8330310609		2.048681774		2.264332487		2.4799832001		2.6956339131
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Total soil biomass in depth of tillage after disturbance (lbs/ac) per inch

Roughness index value for operation
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Sheet4

		

		bu		ratio		0.3		0.6		1.2		2.5

		0		0.2		0.252		0.312		0.432		0.692

		100		0.2904636506		0.257427819		0.3445669142		0.5188451046		0.8964478504

		200		0.3706977111		0.2622418627		0.373451176		0.5958698027		1.0777768272

		300		0.4418589391		0.2665115363		0.3990692181		0.6641845816		1.2386012025

		400		0.5049732866		0.2702983972		0.4217903832		0.7247743551		1.3812396276

		500		0.5609506911		0.2736570415		0.4419422488		0.7785126635		1.5077485619

		600		0.6105981952		0.2766358917		0.4598153503		0.8261742674		1.6199519212

		700		0.6546315813		0.2792778949		0.4756673693		0.868446318		1.7194673736

		800		0.6936856912		0.2816211415		0.4897268488		0.9059382636		1.8077296622

		900		0.7283235795		0.2836994148		0.5021964886		0.9391906363		1.8860112896

		1000		0.7590446305		0.2855426778		0.513256067		0.9686828453		1.9554408649

		1100		0.7862917584		0.2871775055		0.523065033		0.9948400881		2.017019374

		1200		0.8104577931		0.2886274676		0.5317648055		1.0180394813		2.0716346123

		1300		0.831891143		0.2899134686		0.5394808115		1.0386154973		2.1200739833

		1400		0.8509008192		0.2910540492		0.5463242949		1.0568647864		2.1630358513

		1500		0.8677608894		0.2920656534		0.5523939202		1.0730504538		2.2011396101

		1600		0.8827144303		0.2929628658		0.5577771949		1.0874058531		2.2349346125

		1700		0.8959770313		0.2937586219		0.5625517313		1.10013795		2.2649080907

		1800		0.9077399032		0.2944643942		0.5667863651		1.111430307		2.2914921812

		1900		0.9181726346		0.2950903581		0.5705421485		1.1214457292		2.3150701543

		2000		0.9274256374		0.2956455382		0.5738732295		1.1303286119		2.3359819405
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Total of buried residue and dead roots average over depth of disturbance (lbs/acre) per in of disturbance

Adjusted roughness value Ra (in)
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		Texture class		Adjustment factor

		clay		1.39

		clay loam		1.22

		loam		1.05

		loamy sand		0.78

		sand		0.69

		sandy clay		1.25

		sandy clay loam		1.13

		sandy loam		0.9

		silt		0.81

		silt loam		1.02

		silty clay		1.33

		silty clay loam		1.23
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		Table 6.16. Factor to adjust input roughness as a function of soil texture

		Soil texture class		Adjustment factor

		clay		1.39

		clay loam		1.22

		loam		1.05

		loamy sand		0.78

		sand		0.69

		sandy clay		1.25

		sandy clay loam		1.13

		sandy loam		0.90

		silt		0.81

		silt loam		1.02

		silty clay		1.33

		silty clay loam		1.23
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				cotton		corn		soybeans		wheat

		mass for 60% cover		4150		2400		1600		1550

		alpha		0.0002207929		0.0003817878		0.0005726817		0.0005911553

		0		0		0		0		0

		200		4.3197793332		7.3515127521		10.8220470763		11.1509267708

		400		8.4529537315		14.1625781067		20.4729271233		21.0584218632

		600		12.4075841163		20.4729271233		29.0793843884		29.861139433

		800		16.1913831951		26.3193700272		36.7544467966		37.6822724127

		1000		19.8117305032		31.7360109355		43.5989103379		44.6312765812
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		3000		48.4376712092		68.1891708493		82.0583457285		83.0256351946

		3200		50.665050032		70.5277480109		84		84.9184341839

		3400		52.7962110047		72.6944043742		85.7315275322		86.6001685439

		3600		54.8353105262		74.7017787187		87.2756683397		88.094373937
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		Table 6.16. Factor to adjust input roughness as a function of soil texture

		Soil texture class		Adjustment factor

		clay		1.39

		clay loam		1.22

		loam		1.05

		loamy sand		0.78

		sand		0.69

		sandy clay		1.25

		sandy clay loam		1.13

		sandy loam		0.90

		silt		0.81

		silt loam		1.02

		silty clay		1.33

		silty clay loam		1.23
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		Table 6.13. Soil on a landfill with and without a

		dversion at the top of the steep sideslope

								Soil loss(tons/acre)

		Segment		Distance to end of segment (ft)		Steep-ness (%)		With diversion		Without diversion

		1		250		2		9		9

		2		300		33		538		130






_1071157071.unknown

_1069090694.xls
Sheet1

		Table 6.14. Soil loss for ridges and beds

				Ridges						Beds

		Seg-ment #		Seg-ment length (ft)		Steep-ness (%)		Soil loss (tons/acre)		Seg-ment #		Seg-ment length (ft)		Steep-ness (%)		Soil loss (tons/acre)

		1		1.5		20		20		1		0.9		1		3

		2		1.5		-20		20		2		0.6		50		27

										3		0.6		-50		3

										4		0.9		1		27

		Soil loss = 20 tons/acre								Soil loss = 13 tons/acre
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		Table 6.11. Soil loss and sediment load

		along a complex convex-concave slope

		Distance to lower end of segment (ft)		Seg-ment length (ft)		Slope steep-ness (%)		Soil loss (tons/acre)		Sediment load (lbs/ft width)

		0								0

		28		28		2		4		5.2

		64		36		4		11		23

		107		43		8		28		78

		149		42		6		25		126

		181		33		4		-1.2		124

		218		36		2		-29		76

		250		32		1		-21		44

		Sediment yield = 3.8 tons/acre
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		Table 6.10. Soil loss along a uniform slope and convex slope of same length and

		average steepness

				Uniform						Convex

		Segment		Steepness (%)		Soil loss		Soil loss/Adj T		Steepness (%)		Soil loss		Soil loss/Adj T		Soil loss		Soil loss/Adj T

		1		6		2.50		0.99		2		1.09		0.32		0.88		0.26

		2		6		4.22		1.00		4		2.85		0.65		2.29		0.52

		3		6		5.29		1.00		6		5.29		1.00		4.26		0.81

		4		6		6.12		1.00		8		8.44		1.40		6.81		1.10

		5		6		6.84		1.00		10		13.10		1.80		10.50		1.50

				aver A for slope = 5.0						aver A for slope = 6.2						aver A = 5.0
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		Table 6.2. Sample computation of erosvity EI30 or an individual storm

		Time (hours:minutes)		Duration of interval (minutes)		Cumulative rain depth (mm)		Rainfall in interval (mm)		Intensity (mm/h)		Unit energy (units)		Energy in interval (units)

		4:00				0.0

		4:20		20		1.3		1.3		3.8		0.137		0.17

		4:27		7		3.0		1.8		15.2		0.230		0.41

		4:36		9		8.9		5.8		38.9		0.281		1.64

		4:50		13		26.7		17.8		82.1		0.290		5.15

		4:57		3		30.5		3.8		76.2		0.290		1.10

		5:05		8		31.8		1.3		9.5		0.194		0.25

		5:15		10		31.8		0.0		0.0		0.081		0.00

		5:30		20		33.0		1.3		3.8		0.137		0.17

		Total		90				33						8.90





Sheet1

		0

		0

		0

		0

		0

		0

		0

		0

		0



Time (h, min)

Cumulative rainfall (mm)

0

0

0

0

0

0

0

0

0



Sheet2

		Month		Temperature		Rainfall

		1		45.2		5.24

		2		47.7		4.72

		3		53.8		6.61

		4		61.9		5

		5		69.4		4.53

		6		77.4		3.61

		7		79.5		5.39

		8		79		3.85

		9		74.8		4.33

		10		63.7		2.64

		11		52		3.64

		12		45.7		4.96
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Month in year

Monthy precipitation (in)



		Day		Temperature		Precipitation

		1-Jan		45.42		0.165

		2-Jan		45.39		0.165

		3-Jan		45.37		0.166

		4-Jan		45.34		0.166

		5-Jan		45.32		0.167

		6-Jan		45.29		0.168

		7-Jan		45.26		0.168

		8-Jan		45.24		0.169

		9-Jan		45.21		0.169

		10-Jan		45.19		0.17

		11-Jan		45.16		0.17

		12-Jan		45.13		0.171

		13-Jan		45.11		0.171

		14-Jan		45.08		0.172

		15-Jan		45.06		0.172

		16-Jan		45.03		0.173

		17-Jan		45		0.173

		18-Jan		44.98		0.174

		19-Jan		44.95		0.174

		20-Jan		44.93		0.175

		21-Jan		44.9		0.174

		22-Jan		44.87		0.172

		23-Jan		44.85		0.171

		24-Jan		44.82		0.17

		25-Jan		44.8		0.168

		26-Jan		44.84		0.167

		27-Jan		45.16		0.166

		28-Jan		45.48		0.165

		29-Jan		45.8		0.163

		30-Jan		46.12		0.162

		31-Jan		46.44		0.161

		1-Feb		46.51		0.177

		2-Feb		46.57		0.176

		3-Feb		46.63		0.175

		4-Feb		46.7		0.174

		5-Feb		46.76		0.173

		6-Feb		46.82		0.171

		7-Feb		46.89		0.17

		8-Feb		46.95		0.169

		9-Feb		47.01		0.168

		10-Feb		47.08		0.167

		11-Feb		47.14		0.166

		12-Feb		47.2		0.165

		13-Feb		47.26		0.164

		14-Feb		47.33		0.163

		15-Feb		47.39		0.162

		16-Feb		47.45		0.161

		17-Feb		47.52		0.16

		18-Feb		47.58		0.159

		19-Feb		47.64		0.158

		20-Feb		47.76		0.157

		21-Feb		48.13		0.155

		22-Feb		48.5		0.154

		23-Feb		48.87		0.162

		24-Feb		49.25		0.17

		25-Feb		49.62		0.178

		26-Feb		49.99		0.186

		27-Feb		50.37		0.194

		28-Feb		50.74		0.202

		1-Mar		50.91		0.187

		2-Mar		51.08		0.191

		3-Mar		51.25		0.195

		4-Mar		51.43		0.199

		5-Mar		51.6		0.203

		6-Mar		51.77		0.207

		7-Mar		51.94		0.212

		8-Mar		52.11		0.216

		9-Mar		52.28		0.22

		10-Mar		52.46		0.224

		11-Mar		52.63		0.228

		12-Mar		52.8		0.232

		13-Mar		52.97		0.236

		14-Mar		53.14		0.24

		15-Mar		53.32		0.239

		16-Mar		53.49		0.236

		17-Mar		53.66		0.233

		18-Mar		53.87		0.229

		19-Mar		54.18		0.226

		20-Mar		54.48		0.223

		21-Mar		54.78		0.22

		22-Mar		55.09		0.216

		23-Mar		55.39		0.213

		24-Mar		55.7		0.21

		25-Mar		56		0.207

		26-Mar		56.31		0.204

		27-Mar		56.61		0.2

		28-Mar		56.92		0.197

		29-Mar		57.22		0.194

		30-Mar		57.53		0.191

		31-Mar		57.83		0.187

		1-Apr		58.11		0.19

		2-Apr		58.39		0.186

		3-Apr		58.67		0.182

		4-Apr		58.95		0.178

		5-Apr		59.23		0.174

		6-Apr		59.51		0.17

		7-Apr		59.79		0.167

		8-Apr		60.07		0.166

		9-Apr		60.35		0.166

		10-Apr		60.63		0.166

		11-Apr		60.91		0.165

		12-Apr		61.19		0.165

		13-Apr		61.47		0.165

		14-Apr		61.74		0.164

		15-Apr		62.01		0.164

		16-Apr		62.25		0.164

		17-Apr		62.49		0.163

		18-Apr		62.74		0.163

		19-Apr		62.98		0.163

		20-Apr		63.22		0.162

		21-Apr		63.47		0.162

		22-Apr		63.71		0.162

		23-Apr		63.95		0.161

		24-Apr		64.2		0.161

		25-Apr		64.44		0.16

		26-Apr		64.69		0.16

		27-Apr		64.93		0.16

		28-Apr		65.17		0.159

		29-Apr		65.42		0.159

		30-Apr		65.66		0.159

		1-May		65.9		0.153

		2-May		66.14		0.153

		3-May		66.37		0.153

		4-May		66.61		0.152

		5-May		66.85		0.152

		6-May		67.09		0.151

		7-May		67.33		0.151

		8-May		67.57		0.151

		9-May		67.8		0.15

		10-May		68.04		0.15

		11-May		68.28		0.15

		12-May		68.52		0.149

		13-May		68.76		0.149

		14-May		69		0.148

		15-May		69.23		0.148

		16-May		69.48		0.148

		17-May		69.74		0.147

		18-May		70		0.147

		19-May		70.26		0.147

		20-May		70.52		0.146

		21-May		70.78		0.145

		22-May		71.05		0.144

		23-May		71.31		0.142

		24-May		71.57		0.141

		25-May		71.83		0.14

		26-May		72.09		0.138

		27-May		72.35		0.137

		28-May		72.62		0.135

		29-May		72.88		0.134

		30-May		73.14		0.133

		31-May		73.4		0.131

		1-Jun		74.02		0.134

		2-Jun		74.63		0.132

		3-Jun		75.25		0.13

		4-Jun		75.86		0.128

		5-Jun		76.48		0.127

		6-Jun		77.1		0.125

		7-Jun		77.39		0.123

		8-Jun		77.43		0.121

		9-Jun		77.48		0.12

		10-Jun		77.52		0.118

		11-Jun		77.57		0.116

		12-Jun		77.62		0.114

		13-Jun		77.66		0.112

		14-Jun		77.71		0.111

		15-Jun		77.75		0.109

		16-Jun		77.8		0.107

		17-Jun		77.84		0.105

		18-Jun		77.89		0.103

		19-Jun		77.94		0.102

		20-Jun		77.98		0.101

		21-Jun		78.03		0.106

		22-Jun		78.07		0.111

		23-Jun		78.12		0.116

		24-Jun		78.17		0.121

		25-Jun		78.21		0.126

		26-Jun		78.26		0.13

		27-Jun		78.3		0.135

		28-Jun		78.35		0.14

		29-Jun		78.39		0.145

		30-Jun		78.44		0.15

		1-Jul		78.68		0.149

		2-Jul		78.93		0.153

		3-Jul		79.17		0.157

		4-Jul		79.42		0.161

		5-Jul		79.66		0.165

		6-Jul		79.9		0.168

		7-Jul		79.93		0.172

		8-Jul		79.9		0.176

		9-Jul		79.87		0.18

		10-Jul		79.84		0.184

		11-Jul		79.82		0.188

		12-Jul		79.79		0.191

		13-Jul		79.76		0.195

		14-Jul		79.73		0.199

		15-Jul		79.7		0.199

		16-Jul		79.67		0.196

		17-Jul		79.65		0.193

		18-Jul		79.62		0.189

		19-Jul		79.59		0.186

		20-Jul		79.56		0.183

		21-Jul		79.53		0.18

		22-Jul		79.5		0.177

		23-Jul		79.48		0.174

		24-Jul		79.45		0.171

		25-Jul		79.42		0.168

		26-Jul		79.39		0.165

		27-Jul		79.36		0.162

		28-Jul		79.33		0.158

		29-Jul		79.31		0.155

		30-Jul		79.28		0.152

		31-Jul		79.25		0.149

		1-Aug		79.24		0.144

		2-Aug		79.23		0.139

		3-Aug		79.22		0.134

		4-Aug		79.21		0.129

		5-Aug		79.2		0.124

		6-Aug		79.19		0.119

		7-Aug		79.18		0.114

		8-Aug		79.17		0.113

		9-Aug		79.16		0.114

		10-Aug		79.15		0.115

		11-Aug		79.14		0.115

		12-Aug		79.13		0.116

		13-Aug		79.12		0.117

		14-Aug		79.11		0.118

		15-Aug		79.1		0.119

		16-Aug		79.09		0.12

		17-Aug		79.08		0.12

		18-Aug		79.07		0.121

		19-Aug		79.06		0.122

		20-Aug		79.05		0.123

		21-Aug		79.04		0.124

		22-Aug		79.03		0.125

		23-Aug		79.02		0.125

		24-Aug		79.01		0.126

		25-Aug		79		0.127

		26-Aug		78.99		0.128

		27-Aug		78.98		0.129

		28-Aug		78.65		0.129

		29-Aug		78.07		0.13

		30-Aug		77.49		0.131

		31-Aug		76.91		0.132

		1-Sep		76.82		0.137

		2-Sep		76.72		0.138

		3-Sep		76.63		0.139

		4-Sep		76.53		0.14

		5-Sep		76.44		0.141

		6-Sep		76.34		0.142

		7-Sep		76.25		0.142

		8-Sep		76.15		0.143

		9-Sep		76.06		0.144

		10-Sep		75.96		0.145

		11-Sep		75.87		0.146

		12-Sep		75.77		0.147

		13-Sep		75.68		0.148

		14-Sep		75.59		0.149

		15-Sep		75.49		0.149

		16-Sep		75.4		0.15

		17-Sep		75.3		0.151

		18-Sep		75.21		0.152

		19-Sep		75.11		0.153

		20-Sep		75.02		0.154

		21-Sep		74.92		0.155

		22-Sep		74.76		0.156

		23-Sep		74.07		0.157

		24-Sep		73.38		0.153

		25-Sep		72.7		0.147

		26-Sep		72.01		0.141

		27-Sep		71.32		0.135

		28-Sep		70.63		0.128

		29-Sep		69.95		0.122

		30-Sep		69.26		0.116

		1-Oct		68.91		0.108

		2-Oct		68.56		0.104

		3-Oct		68.2		0.1

		4-Oct		67.85		0.096

		5-Oct		67.5		0.0919

		6-Oct		67.15		0.0877

		7-Oct		66.8		0.0836

		8-Oct		66.45		0.0795

		9-Oct		66.09		0.0754

		10-Oct		65.74		0.0713

		11-Oct		65.39		0.0671

		12-Oct		65.04		0.0658

		13-Oct		64.69		0.0677

		14-Oct		64.34		0.0696

		15-Oct		63.98		0.0714

		16-Oct		63.63		0.0733

		17-Oct		63.24		0.0752

		18-Oct		62.86		0.0771

		19-Oct		62.47		0.0789

		20-Oct		62.08		0.0808

		21-Oct		61.7		0.0827

		22-Oct		61.31		0.0845

		23-Oct		60.92		0.0864

		24-Oct		60.54		0.0883

		25-Oct		60.15		0.0901

		26-Oct		59.76		0.092

		27-Oct		59.38		0.0939

		28-Oct		58.99		0.0957

		29-Oct		58.6		0.0976

		30-Oct		58.22		0.0995

		31-Oct		57.83		0.101

		1-Nov		57.27		0.106

		2-Nov		56.71		0.107

		3-Nov		56.16		0.108

		4-Nov		55.6		0.109

		5-Nov		55.04		0.11

		6-Nov		54.48		0.111

		7-Nov		53.92		0.112

		8-Nov		53.36		0.113

		9-Nov		52.81		0.114

		10-Nov		52.25		0.114

		11-Nov		51.9		0.115

		12-Nov		51.74		0.116

		13-Nov		51.57		0.117

		14-Nov		51.41		0.118

		15-Nov		51.25		0.119

		16-Nov		51.09		0.12

		17-Nov		50.93		0.121

		18-Nov		50.77		0.123

		19-Nov		50.61		0.125

		20-Nov		50.45		0.126

		21-Nov		50.29		0.128

		22-Nov		50.13		0.13

		23-Nov		49.97		0.131

		24-Nov		49.8		0.133

		25-Nov		49.64		0.135

		26-Nov		49.48		0.137

		27-Nov		49.32		0.138

		28-Nov		49.16		0.14

		29-Nov		49		0.142

		30-Nov		48.84		0.143

		1-Dec		47.47		0.143

		2-Dec		46.11		0.147

		3-Dec		45.69		0.151

		4-Dec		45.68		0.155

		5-Dec		45.67		0.159

		6-Dec		45.67		0.16

		7-Dec		45.66		0.16

		8-Dec		45.65		0.16

		9-Dec		45.64		0.161

		10-Dec		45.63		0.161

		11-Dec		45.62		0.161

		12-Dec		45.61		0.161

		13-Dec		45.6		0.161

		14-Dec		45.6		0.162

		15-Dec		45.59		0.162

		16-Dec		45.58		0.162

		17-Dec		45.57		0.162

		18-Dec		45.56		0.162

		19-Dec		45.55		0.162

		20-Dec		45.54		0.163

		21-Dec		45.53		0.163

		22-Dec		45.53		0.163

		23-Dec		45.52		0.163

		24-Dec		45.51		0.163

		25-Dec		45.5		0.163

		26-Dec		45.49		0.164

		27-Dec		45.48		0.164

		28-Dec		45.47		0.164

		29-Dec		45.46		0.164

		30-Dec		45.45		0.164

		31-Dec		45.45		0.164
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Sheet1

		Table 6.2. Sample computation of erosvity EI30 or an individual storm

		Time (hours:minutes)		Duration of interval (minutes)		Cumulative rain depth (mm)		Rainfall in interval (mm)		Intensity (mm/h)		Unit energy (units)		Energy in interval (units)

		4:00				0.0

		4:20		20		1.3		1.3		3.8		0.137		0.17

		4:27		7		3.0		1.8		15.2		0.230		0.41

		4:36		9		8.9		5.8		38.9		0.281		1.64

		4:50		13		26.7		17.8		82.1		0.290		5.15

		4:57		3		30.5		3.8		76.2		0.290		1.10

		5:05		8		31.8		1.3		9.5		0.194		0.25

		5:15		10		31.8		0.0		0.0		0.081		0.00

		5:30		20		33.0		1.3		3.8		0.137		0.17

		Total		90				33						8.90
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Sheet2

		Month		Temperature		Rainfall

		1		45.2		5.24

		2		47.7		4.72

		3		53.8		6.61

		4		61.9		5

		5		69.4		4.53

		6		77.4		3.61

		7		79.5		5.39

		8		79		3.85

		9		74.8		4.33

		10		63.7		2.64

		11		52		3.64

		12		45.7		4.96
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Sheet4

		Day		Temperature		Precipitation

		1-Jan		45.42		0.165

		2-Jan		45.39		0.165

		3-Jan		45.37		0.166

		4-Jan		45.34		0.166

		5-Jan		45.32		0.167

		6-Jan		45.29		0.168

		7-Jan		45.26		0.168

		8-Jan		45.24		0.169

		9-Jan		45.21		0.169

		10-Jan		45.19		0.17

		11-Jan		45.16		0.17

		12-Jan		45.13		0.171

		13-Jan		45.11		0.171

		14-Jan		45.08		0.172

		15-Jan		45.06		0.172

		16-Jan		45.03		0.173

		17-Jan		45		0.173

		18-Jan		44.98		0.174

		19-Jan		44.95		0.174

		20-Jan		44.93		0.175

		21-Jan		44.9		0.174

		22-Jan		44.87		0.172

		23-Jan		44.85		0.171

		24-Jan		44.82		0.17

		25-Jan		44.8		0.168

		26-Jan		44.84		0.167

		27-Jan		45.16		0.166

		28-Jan		45.48		0.165

		29-Jan		45.8		0.163

		30-Jan		46.12		0.162

		31-Jan		46.44		0.161

		1-Feb		46.51		0.177

		2-Feb		46.57		0.176

		3-Feb		46.63		0.175

		4-Feb		46.7		0.174

		5-Feb		46.76		0.173

		6-Feb		46.82		0.171

		7-Feb		46.89		0.17

		8-Feb		46.95		0.169

		9-Feb		47.01		0.168

		10-Feb		47.08		0.167

		11-Feb		47.14		0.166

		12-Feb		47.2		0.165

		13-Feb		47.26		0.164

		14-Feb		47.33		0.163

		15-Feb		47.39		0.162

		16-Feb		47.45		0.161

		17-Feb		47.52		0.16

		18-Feb		47.58		0.159

		19-Feb		47.64		0.158

		20-Feb		47.76		0.157

		21-Feb		48.13		0.155

		22-Feb		48.5		0.154

		23-Feb		48.87		0.162

		24-Feb		49.25		0.17

		25-Feb		49.62		0.178

		26-Feb		49.99		0.186

		27-Feb		50.37		0.194

		28-Feb		50.74		0.202

		1-Mar		50.91		0.187

		2-Mar		51.08		0.191

		3-Mar		51.25		0.195

		4-Mar		51.43		0.199

		5-Mar		51.6		0.203

		6-Mar		51.77		0.207

		7-Mar		51.94		0.212

		8-Mar		52.11		0.216

		9-Mar		52.28		0.22

		10-Mar		52.46		0.224

		11-Mar		52.63		0.228

		12-Mar		52.8		0.232

		13-Mar		52.97		0.236

		14-Mar		53.14		0.24

		15-Mar		53.32		0.239

		16-Mar		53.49		0.236

		17-Mar		53.66		0.233

		18-Mar		53.87		0.229

		19-Mar		54.18		0.226

		20-Mar		54.48		0.223

		21-Mar		54.78		0.22

		22-Mar		55.09		0.216

		23-Mar		55.39		0.213

		24-Mar		55.7		0.21

		25-Mar		56		0.207

		26-Mar		56.31		0.204

		27-Mar		56.61		0.2

		28-Mar		56.92		0.197

		29-Mar		57.22		0.194

		30-Mar		57.53		0.191

		31-Mar		57.83		0.187

		1-Apr		58.11		0.19

		2-Apr		58.39		0.186

		3-Apr		58.67		0.182

		4-Apr		58.95		0.178

		5-Apr		59.23		0.174

		6-Apr		59.51		0.17

		7-Apr		59.79		0.167

		8-Apr		60.07		0.166

		9-Apr		60.35		0.166

		10-Apr		60.63		0.166

		11-Apr		60.91		0.165

		12-Apr		61.19		0.165

		13-Apr		61.47		0.165

		14-Apr		61.74		0.164

		15-Apr		62.01		0.164

		16-Apr		62.25		0.164

		17-Apr		62.49		0.163

		18-Apr		62.74		0.163

		19-Apr		62.98		0.163

		20-Apr		63.22		0.162

		21-Apr		63.47		0.162

		22-Apr		63.71		0.162

		23-Apr		63.95		0.161

		24-Apr		64.2		0.161

		25-Apr		64.44		0.16

		26-Apr		64.69		0.16

		27-Apr		64.93		0.16

		28-Apr		65.17		0.159

		29-Apr		65.42		0.159

		30-Apr		65.66		0.159

		1-May		65.9		0.153

		2-May		66.14		0.153

		3-May		66.37		0.153

		4-May		66.61		0.152

		5-May		66.85		0.152

		6-May		67.09		0.151

		7-May		67.33		0.151

		8-May		67.57		0.151

		9-May		67.8		0.15

		10-May		68.04		0.15

		11-May		68.28		0.15

		12-May		68.52		0.149

		13-May		68.76		0.149

		14-May		69		0.148

		15-May		69.23		0.148

		16-May		69.48		0.148

		17-May		69.74		0.147

		18-May		70		0.147

		19-May		70.26		0.147

		20-May		70.52		0.146

		21-May		70.78		0.145

		22-May		71.05		0.144

		23-May		71.31		0.142

		24-May		71.57		0.141

		25-May		71.83		0.14

		26-May		72.09		0.138

		27-May		72.35		0.137

		28-May		72.62		0.135

		29-May		72.88		0.134

		30-May		73.14		0.133

		31-May		73.4		0.131

		1-Jun		74.02		0.134

		2-Jun		74.63		0.132

		3-Jun		75.25		0.13

		4-Jun		75.86		0.128

		5-Jun		76.48		0.127

		6-Jun		77.1		0.125

		7-Jun		77.39		0.123

		8-Jun		77.43		0.121

		9-Jun		77.48		0.12

		10-Jun		77.52		0.118

		11-Jun		77.57		0.116

		12-Jun		77.62		0.114

		13-Jun		77.66		0.112

		14-Jun		77.71		0.111

		15-Jun		77.75		0.109

		16-Jun		77.8		0.107

		17-Jun		77.84		0.105

		18-Jun		77.89		0.103

		19-Jun		77.94		0.102

		20-Jun		77.98		0.101

		21-Jun		78.03		0.106

		22-Jun		78.07		0.111

		23-Jun		78.12		0.116

		24-Jun		78.17		0.121

		25-Jun		78.21		0.126

		26-Jun		78.26		0.13

		27-Jun		78.3		0.135

		28-Jun		78.35		0.14

		29-Jun		78.39		0.145

		30-Jun		78.44		0.15

		1-Jul		78.68		0.149

		2-Jul		78.93		0.153

		3-Jul		79.17		0.157

		4-Jul		79.42		0.161

		5-Jul		79.66		0.165

		6-Jul		79.9		0.168

		7-Jul		79.93		0.172

		8-Jul		79.9		0.176

		9-Jul		79.87		0.18

		10-Jul		79.84		0.184

		11-Jul		79.82		0.188

		12-Jul		79.79		0.191

		13-Jul		79.76		0.195

		14-Jul		79.73		0.199

		15-Jul		79.7		0.199

		16-Jul		79.67		0.196

		17-Jul		79.65		0.193

		18-Jul		79.62		0.189

		19-Jul		79.59		0.186

		20-Jul		79.56		0.183

		21-Jul		79.53		0.18

		22-Jul		79.5		0.177

		23-Jul		79.48		0.174

		24-Jul		79.45		0.171

		25-Jul		79.42		0.168

		26-Jul		79.39		0.165

		27-Jul		79.36		0.162

		28-Jul		79.33		0.158

		29-Jul		79.31		0.155

		30-Jul		79.28		0.152

		31-Jul		79.25		0.149

		1-Aug		79.24		0.144

		2-Aug		79.23		0.139

		3-Aug		79.22		0.134

		4-Aug		79.21		0.129

		5-Aug		79.2		0.124

		6-Aug		79.19		0.119

		7-Aug		79.18		0.114

		8-Aug		79.17		0.113

		9-Aug		79.16		0.114

		10-Aug		79.15		0.115

		11-Aug		79.14		0.115

		12-Aug		79.13		0.116

		13-Aug		79.12		0.117

		14-Aug		79.11		0.118

		15-Aug		79.1		0.119

		16-Aug		79.09		0.12

		17-Aug		79.08		0.12

		18-Aug		79.07		0.121

		19-Aug		79.06		0.122

		20-Aug		79.05		0.123

		21-Aug		79.04		0.124

		22-Aug		79.03		0.125

		23-Aug		79.02		0.125

		24-Aug		79.01		0.126

		25-Aug		79		0.127

		26-Aug		78.99		0.128

		27-Aug		78.98		0.129

		28-Aug		78.65		0.129

		29-Aug		78.07		0.13

		30-Aug		77.49		0.131

		31-Aug		76.91		0.132

		1-Sep		76.82		0.137

		2-Sep		76.72		0.138

		3-Sep		76.63		0.139

		4-Sep		76.53		0.14

		5-Sep		76.44		0.141

		6-Sep		76.34		0.142

		7-Sep		76.25		0.142

		8-Sep		76.15		0.143

		9-Sep		76.06		0.144

		10-Sep		75.96		0.145

		11-Sep		75.87		0.146

		12-Sep		75.77		0.147

		13-Sep		75.68		0.148

		14-Sep		75.59		0.149

		15-Sep		75.49		0.149

		16-Sep		75.4		0.15

		17-Sep		75.3		0.151

		18-Sep		75.21		0.152

		19-Sep		75.11		0.153

		20-Sep		75.02		0.154

		21-Sep		74.92		0.155

		22-Sep		74.76		0.156

		23-Sep		74.07		0.157

		24-Sep		73.38		0.153

		25-Sep		72.7		0.147

		26-Sep		72.01		0.141

		27-Sep		71.32		0.135

		28-Sep		70.63		0.128

		29-Sep		69.95		0.122

		30-Sep		69.26		0.116

		1-Oct		68.91		0.108

		2-Oct		68.56		0.104

		3-Oct		68.2		0.1

		4-Oct		67.85		0.096

		5-Oct		67.5		0.0919

		6-Oct		67.15		0.0877

		7-Oct		66.8		0.0836

		8-Oct		66.45		0.0795

		9-Oct		66.09		0.0754

		10-Oct		65.74		0.0713

		11-Oct		65.39		0.0671

		12-Oct		65.04		0.0658

		13-Oct		64.69		0.0677

		14-Oct		64.34		0.0696

		15-Oct		63.98		0.0714

		16-Oct		63.63		0.0733

		17-Oct		63.24		0.0752

		18-Oct		62.86		0.0771

		19-Oct		62.47		0.0789

		20-Oct		62.08		0.0808

		21-Oct		61.7		0.0827

		22-Oct		61.31		0.0845

		23-Oct		60.92		0.0864

		24-Oct		60.54		0.0883

		25-Oct		60.15		0.0901

		26-Oct		59.76		0.092

		27-Oct		59.38		0.0939

		28-Oct		58.99		0.0957

		29-Oct		58.6		0.0976

		30-Oct		58.22		0.0995

		31-Oct		57.83		0.101

		1-Nov		57.27		0.106

		2-Nov		56.71		0.107

		3-Nov		56.16		0.108

		4-Nov		55.6		0.109

		5-Nov		55.04		0.11

		6-Nov		54.48		0.111

		7-Nov		53.92		0.112

		8-Nov		53.36		0.113

		9-Nov		52.81		0.114

		10-Nov		52.25		0.114

		11-Nov		51.9		0.115

		12-Nov		51.74		0.116

		13-Nov		51.57		0.117

		14-Nov		51.41		0.118

		15-Nov		51.25		0.119

		16-Nov		51.09		0.12

		17-Nov		50.93		0.121

		18-Nov		50.77		0.123

		19-Nov		50.61		0.125

		20-Nov		50.45		0.126

		21-Nov		50.29		0.128

		22-Nov		50.13		0.13

		23-Nov		49.97		0.131

		24-Nov		49.8		0.133

		25-Nov		49.64		0.135

		26-Nov		49.48		0.137

		27-Nov		49.32		0.138

		28-Nov		49.16		0.14

		29-Nov		49		0.142

		30-Nov		48.84		0.143

		1-Dec		47.47		0.143

		2-Dec		46.11		0.147

		3-Dec		45.69		0.151

		4-Dec		45.68		0.155

		5-Dec		45.67		0.159

		6-Dec		45.67		0.16

		7-Dec		45.66		0.16

		8-Dec		45.65		0.16

		9-Dec		45.64		0.161

		10-Dec		45.63		0.161

		11-Dec		45.62		0.161

		12-Dec		45.61		0.161

		13-Dec		45.6		0.161

		14-Dec		45.6		0.162

		15-Dec		45.59		0.162

		16-Dec		45.58		0.162

		17-Dec		45.57		0.162

		18-Dec		45.56		0.162

		19-Dec		45.55		0.162

		20-Dec		45.54		0.163

		21-Dec		45.53		0.163

		22-Dec		45.53		0.163

		23-Dec		45.52		0.163

		24-Dec		45.51		0.163

		25-Dec		45.5		0.163

		26-Dec		45.49		0.164

		27-Dec		45.48		0.164

		28-Dec		45.47		0.164

		29-Dec		45.46		0.164

		30-Dec		45.45		0.164

		31-Dec		45.45		0.164
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		Standard		Req

		0.8		13

		2.3		15

		1.6		15

		2.7		13

		4.3		9

		6.1		4

		4.7		0.4

		4.5		0.3

		4.4		0.4

		4.6		0.3

		5.6		0.4

		4.8		0.3

		3.7		0.4

		3.3		0.4

		4		0.3

		4.3		0.4

		3.2		0.4
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		Table 6.10. Soil loss along a uniform slope and convex slope of same length and average

		steepness

				Uniform						Convex

		Segment		Steepness (%)		Soil loss		Soil loss/Adj T		Steepness (%)		Soil loss		Soil loss/Adj T		Soil loss		Soil loss/Adj T

		1		6		2.50		0.99		2		1.09		0.32		0.88		0.26

		2		6		4.22		1.00		4		2.85		0.65		2.29		0.52

		3		6		5.29		1.00		6		5.29		1.00		4.26		0.81

		4		6		6.12		1.00		8		8.44		1.40		6.81		1.10

		5		6		6.84		1.00		10		13.10		1.80		10.50		1.50

				aver A for slope = 5.0						aver A for slope = 6.2						aver A = 5.0



Req



		Table 6.11. Soil loss and sediment load along a complex

		convex-concave slope

		Distance to lower end of segment (ft)		Segment length (ft)		Slope steepness (%)		Soil loss (tons/acre)		Sediment load (lbs/ft width)

		0								0

		28		28		2		4		5.2

		64		36		4		11		23

		107		43		8		28		78

		149		42		6		25		126

		181		33		4		-1.2		124

		218		36		2		-29		76

		250		32		1		-21		44

		Sediment yield = 3.8 tons/acre
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		Table 6.12. Soil loss on a cut-road-fill slope

		Segment #		Distance to lower end of segment (ft)		Segment length (ft)		Segment type		Steep-ness (%)		Soil loss (tons/acre)		Segment type		Steep-ness (%)		Soil loss (tons/acre)

		1		75		75		fill		33		162		fill		33		162

		2		95		20		outward sloping		2		-493		inward sloping		-2		5.8

		3		170		75		cut		33		353		cut		33		162

								Sediment yield = 169 tons/acre						Sediment yield = 143 tons/acre
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		Table 6.2. Sample computation of erosvity EI30 or an individual storm

		Time (hours:minutes)		Duration of interval (minutes)		Cumulative rain depth (mm)		Rainfall in interval (mm)		Intensity (mm/h)		Unit energy (units)		Energy in interval (units)

		4:00				0.0

		4:20		20		1.3		1.3		3.8		0.137		0.17

		4:27		7		3.0		1.8		15.2		0.230		0.41

		4:36		9		8.9		5.8		38.9		0.281		1.64

		4:50		13		26.7		17.8		82.1		0.290		5.15

		4:57		3		30.5		3.8		76.2		0.290		1.10

		5:05		8		31.8		1.3		9.5		0.194		0.25

		5:15		10		31.8		0.0		0.0		0.081		0.00

		5:30		20		33.0		1.3		3.8		0.137		0.17

		Total		90				33						8.90
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		Month		Temperature		Rainfall

		1		45.2		5.24

		2		47.7		4.72

		3		53.8		6.61

		4		61.9		5

		5		69.4		4.53

		6		77.4		3.61

		7		79.5		5.39

		8		79		3.85

		9		74.8		4.33

		10		63.7		2.64

		11		52		3.64

		12		45.7		4.96
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		Day		Temperature		Precipitation

		1-Jan		45.42		0.165

		2-Jan		45.39		0.165

		3-Jan		45.37		0.166

		4-Jan		45.34		0.166

		5-Jan		45.32		0.167

		6-Jan		45.29		0.168

		7-Jan		45.26		0.168

		8-Jan		45.24		0.169

		9-Jan		45.21		0.169

		10-Jan		45.19		0.17

		11-Jan		45.16		0.17

		12-Jan		45.13		0.171

		13-Jan		45.11		0.171

		14-Jan		45.08		0.172

		15-Jan		45.06		0.172

		16-Jan		45.03		0.173

		17-Jan		45		0.173

		18-Jan		44.98		0.174

		19-Jan		44.95		0.174

		20-Jan		44.93		0.175

		21-Jan		44.9		0.174

		22-Jan		44.87		0.172

		23-Jan		44.85		0.171

		24-Jan		44.82		0.17

		25-Jan		44.8		0.168

		26-Jan		44.84		0.167

		27-Jan		45.16		0.166

		28-Jan		45.48		0.165

		29-Jan		45.8		0.163

		30-Jan		46.12		0.162

		31-Jan		46.44		0.161

		1-Feb		46.51		0.177

		2-Feb		46.57		0.176

		3-Feb		46.63		0.175

		4-Feb		46.7		0.174

		5-Feb		46.76		0.173

		6-Feb		46.82		0.171

		7-Feb		46.89		0.17

		8-Feb		46.95		0.169

		9-Feb		47.01		0.168

		10-Feb		47.08		0.167

		11-Feb		47.14		0.166

		12-Feb		47.2		0.165

		13-Feb		47.26		0.164

		14-Feb		47.33		0.163

		15-Feb		47.39		0.162

		16-Feb		47.45		0.161

		17-Feb		47.52		0.16

		18-Feb		47.58		0.159

		19-Feb		47.64		0.158

		20-Feb		47.76		0.157

		21-Feb		48.13		0.155

		22-Feb		48.5		0.154

		23-Feb		48.87		0.162

		24-Feb		49.25		0.17

		25-Feb		49.62		0.178

		26-Feb		49.99		0.186

		27-Feb		50.37		0.194

		28-Feb		50.74		0.202

		1-Mar		50.91		0.187

		2-Mar		51.08		0.191

		3-Mar		51.25		0.195

		4-Mar		51.43		0.199

		5-Mar		51.6		0.203

		6-Mar		51.77		0.207

		7-Mar		51.94		0.212

		8-Mar		52.11		0.216

		9-Mar		52.28		0.22

		10-Mar		52.46		0.224

		11-Mar		52.63		0.228

		12-Mar		52.8		0.232

		13-Mar		52.97		0.236

		14-Mar		53.14		0.24

		15-Mar		53.32		0.239

		16-Mar		53.49		0.236

		17-Mar		53.66		0.233

		18-Mar		53.87		0.229

		19-Mar		54.18		0.226

		20-Mar		54.48		0.223

		21-Mar		54.78		0.22

		22-Mar		55.09		0.216

		23-Mar		55.39		0.213

		24-Mar		55.7		0.21

		25-Mar		56		0.207

		26-Mar		56.31		0.204

		27-Mar		56.61		0.2

		28-Mar		56.92		0.197

		29-Mar		57.22		0.194

		30-Mar		57.53		0.191

		31-Mar		57.83		0.187

		1-Apr		58.11		0.19

		2-Apr		58.39		0.186

		3-Apr		58.67		0.182

		4-Apr		58.95		0.178

		5-Apr		59.23		0.174

		6-Apr		59.51		0.17

		7-Apr		59.79		0.167

		8-Apr		60.07		0.166

		9-Apr		60.35		0.166

		10-Apr		60.63		0.166

		11-Apr		60.91		0.165

		12-Apr		61.19		0.165

		13-Apr		61.47		0.165

		14-Apr		61.74		0.164

		15-Apr		62.01		0.164

		16-Apr		62.25		0.164

		17-Apr		62.49		0.163

		18-Apr		62.74		0.163

		19-Apr		62.98		0.163

		20-Apr		63.22		0.162

		21-Apr		63.47		0.162

		22-Apr		63.71		0.162

		23-Apr		63.95		0.161

		24-Apr		64.2		0.161

		25-Apr		64.44		0.16

		26-Apr		64.69		0.16

		27-Apr		64.93		0.16

		28-Apr		65.17		0.159

		29-Apr		65.42		0.159

		30-Apr		65.66		0.159

		1-May		65.9		0.153

		2-May		66.14		0.153

		3-May		66.37		0.153

		4-May		66.61		0.152

		5-May		66.85		0.152

		6-May		67.09		0.151

		7-May		67.33		0.151

		8-May		67.57		0.151

		9-May		67.8		0.15

		10-May		68.04		0.15

		11-May		68.28		0.15

		12-May		68.52		0.149

		13-May		68.76		0.149

		14-May		69		0.148

		15-May		69.23		0.148

		16-May		69.48		0.148

		17-May		69.74		0.147

		18-May		70		0.147

		19-May		70.26		0.147

		20-May		70.52		0.146

		21-May		70.78		0.145

		22-May		71.05		0.144

		23-May		71.31		0.142

		24-May		71.57		0.141

		25-May		71.83		0.14

		26-May		72.09		0.138

		27-May		72.35		0.137

		28-May		72.62		0.135

		29-May		72.88		0.134

		30-May		73.14		0.133

		31-May		73.4		0.131

		1-Jun		74.02		0.134

		2-Jun		74.63		0.132

		3-Jun		75.25		0.13

		4-Jun		75.86		0.128

		5-Jun		76.48		0.127

		6-Jun		77.1		0.125

		7-Jun		77.39		0.123

		8-Jun		77.43		0.121

		9-Jun		77.48		0.12

		10-Jun		77.52		0.118

		11-Jun		77.57		0.116

		12-Jun		77.62		0.114

		13-Jun		77.66		0.112

		14-Jun		77.71		0.111

		15-Jun		77.75		0.109

		16-Jun		77.8		0.107

		17-Jun		77.84		0.105

		18-Jun		77.89		0.103

		19-Jun		77.94		0.102

		20-Jun		77.98		0.101

		21-Jun		78.03		0.106

		22-Jun		78.07		0.111

		23-Jun		78.12		0.116

		24-Jun		78.17		0.121

		25-Jun		78.21		0.126

		26-Jun		78.26		0.13

		27-Jun		78.3		0.135

		28-Jun		78.35		0.14

		29-Jun		78.39		0.145

		30-Jun		78.44		0.15

		1-Jul		78.68		0.149

		2-Jul		78.93		0.153

		3-Jul		79.17		0.157

		4-Jul		79.42		0.161

		5-Jul		79.66		0.165

		6-Jul		79.9		0.168

		7-Jul		79.93		0.172

		8-Jul		79.9		0.176

		9-Jul		79.87		0.18

		10-Jul		79.84		0.184

		11-Jul		79.82		0.188

		12-Jul		79.79		0.191

		13-Jul		79.76		0.195

		14-Jul		79.73		0.199

		15-Jul		79.7		0.199

		16-Jul		79.67		0.196

		17-Jul		79.65		0.193

		18-Jul		79.62		0.189

		19-Jul		79.59		0.186

		20-Jul		79.56		0.183

		21-Jul		79.53		0.18

		22-Jul		79.5		0.177

		23-Jul		79.48		0.174

		24-Jul		79.45		0.171

		25-Jul		79.42		0.168

		26-Jul		79.39		0.165

		27-Jul		79.36		0.162

		28-Jul		79.33		0.158

		29-Jul		79.31		0.155

		30-Jul		79.28		0.152

		31-Jul		79.25		0.149

		1-Aug		79.24		0.144

		2-Aug		79.23		0.139
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		Table 6.10. Soil loss along a uniform slope and convex slope of same length and average

		steepness

				Uniform						Convex

		Segment		Steepness (%)		Soil loss		Soil loss/Adj T		Steepness (%)		Soil loss		Soil loss/Adj T		Soil loss		Soil loss/Adj T

		1		6		2.50		0.99		2		1.09		0.32		0.88		0.26

		2		6		4.22		1.00		4		2.85		0.65		2.29		0.52

		3		6		5.29		1.00		6		5.29		1.00		4.26		0.81

		4		6		6.12		1.00		8		8.44		1.40		6.81		1.10

		5		6		6.84		1.00		10		13.10		1.80		10.50		1.50

				aver A for slope = 5.0						aver A for slope = 6.2						aver A = 5.0



Req



		Table 6.11. Soil loss and sediment load along a complex

		convex-concave slope

		Distance to lower end of segment (ft)		Segment length (ft)		Slope steepness (%)		Soil loss (tons/acre)		Sediment load (lbs/ft width)

		0								0

		28		28		2		4		5.2

		64		36		4		11		23

		107		43		8		28		78

		149		42		6		25		126

		181		33		4		-1.2		124

		218		36		2		-29		76

		250		32		1		-21		44

		Sediment yield = 3.8 tons/acre
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		0.439		0.311		0.183

		0.444		0.307		0.184

		0.449		0.303		0.185

		0.454		0.299		0.186

		0.459		0.297		0.187

		0.465		0.294		0.189

		0.47		0.291		0.19

		0.475		0.288		0.191

		0.481		0.285		0.192

		0.478		0.282		0.193

		0.474		0.279		0.194

		0.471		0.276		0.195

		0.467		0.273		0.196

		0.464		0.27		0.198

		0.46		0.268		0.199

		0.456		0.265		0.2

		0.453		0.264		0.201

		0.449		0.271		0.202

		0.446		0.279		0.203

		0.442		0.287		0.204

		0.439		0.294		0.205

		0.435		0.302		0.206

		0.431		0.309		0.208

		0.428		0.317		0.209

		0.424		0.324		0.29

		0.421		0.332		0.409

		0.417		0.34		0.528

		0.403		0.338		0.718

		0.399		0.343		0.855

		0.395		0.349		0.853

		0.39		0.354		0.851

		0.386		0.36		0.85

		0.382		0.365		0.848

		0.377		0.371		0.846

		0.375		0.377		0.844

		0.374		0.383		0.842

		0.372		0.39		0.84

		0.371		0.396		0.839

		0.371		0.402		0.837

		0.371		0.408		0.835

		0.371		0.414		0.833

		0.371		0.413		0.831

		0.371		0.408		0.829

		0.371		0.404		0.828

		0.371		0.399		0.826

		0.371		0.394		0.824

		0.371		0.389		0.822

		0.371		0.384		0.82

		0.371		0.38		0.818

		0.371		0.375		0.817

		0.371		0.37		0.816

		0.371		0.365		0.814

		0.371		0.36		0.813

		0.371		0.356		0.812

		0.371		0.351		0.81

		0.371		0.346		0.809

		0.371		0.341		0.807

		0.37		0.336		0.806

		0.37		0.329		0.806

		0.37		0.321		0.805

		0.37		0.313		0.805

		0.369		0.305		0.804

		0.369		0.297		0.804

		0.369		0.29		0.803

		0.368		0.282		0.803

		0.368		0.28		0.802

		0.368		0.281		0.802

		0.368		0.283		0.801

		0.367		0.284		0.801

		0.367		0.285		0.8

		0.367		0.287		0.8

		0.366		0.288		0.799

		0.366		0.289		0.799

		0.366		0.29		0.798

		0.366		0.292		0.798

		0.365		0.293		0.797

		0.365		0.294		0.797

		0.365		0.296		0.796

		0.364		0.297		0.796

		0.363		0.298		0.795

		0.361		0.3		0.795

		0.36		0.301		0.795

		0.359		0.302		0.794

		0.359		0.304		0.794

		0.358		0.305		0.793

		0.358		0.307		0.793

		0.357		0.309		0.748

		0.357		0.312		0.675

		0.357		0.314		0.602

		0.364		0.323		0.597

		0.363		0.324		0.576

		0.363		0.326		0.555

		0.362		0.327		0.534

		0.362		0.329		0.513

		0.361		0.33		0.492

		0.361		0.332		0.471

		0.36		0.334		0.45

		0.36		0.335		0.429

		0.359		0.337		0.419

		0.359		0.338		0.414

		0.358		0.34		0.41

		0.358		0.341		0.406

		0.357		0.343		0.402

		0.357		0.345		0.398

		0.356		0.346		0.393

		0.356		0.348		0.389

		0.355		0.349		0.385

		0.354		0.351		0.381

		0.353		0.352		0.377

		0.352		0.354		0.372

		0.351		0.356		0.368

		0.35		0.358		0.365

		0.349		0.354		0.361

		0.348		0.346		0.358

		0.347		0.338		0.355

		0.346		0.329		0.352

		0.345		0.321		0.348

		0.344		0.313		0.345

		0.344		0.305		0.342

		0.336		0.293		0.249

		0.336		0.287		0.249

		0.335		0.282		0.25

		0.334		0.276		0.25

		0.334		0.27		0.25

		0.333		0.264		0.251

		0.332		0.259		0.251

		0.332		0.253		0.252

		0.331		0.247		0.252

		0.33		0.241		0.253

		0.33		0.236		0.253

		0.329		0.234		0.254

		0.328		0.238		0.254

		0.328		0.242		0.254

		0.327		0.245		0.255

		0.326		0.249		0.255

		0.326		0.253		0.256

		0.324		0.256		0.256

		0.323		0.26		0.257

		0.322		0.264		0.258

		0.322		0.267		0.259

		0.321		0.271		0.259

		0.32		0.275		0.26

		0.319		0.278		0.261

		0.319		0.282		0.262

		0.318		0.286		0.262

		0.317		0.289		0.263

		0.316		0.293		0.264

		0.316		0.297		0.265

		0.315		0.301		0.265

		0.314		0.304		0.266

		0.317		0.312		0.271

		0.316		0.315		0.272

		0.314		0.317		0.272

		0.313		0.32		0.273

		0.312		0.323		0.274

		0.31		0.325		0.275

		0.309		0.328		0.275

		0.307		0.331		0.276

		0.306		0.333		0.277

		0.305		0.336		0.278

		0.303		0.338		0.278

		0.302		0.34		0.279

		0.303		0.342		0.28

		0.303		0.344		0.28

		0.303		0.346		0.28

		0.303		0.347		0.28

		0.303		0.349		0.281

		0.303		0.352		0.281

		0.303		0.355		0.281

		0.303		0.358		0.282

		0.303		0.361		0.282

		0.303		0.364		0.282

		0.322		0.367		0.282

		0.291		0.37		0.283

		0.263		0.373		0.283

		0.238		0.376		0.283

		0.216		0.379		0.284

		0.195		0.382		0.284

		0.177		0.385		0.292

		0.16		0.388		0.311

		0.132		0.39		0.331

		0.108		0.398		0.339

		0.0893		0.406		0.339

		0.0736		0.412		0.339

		0.0606		0.418		0.339

		0.0499		0.42		0.338

		0.0411		0.421		0.338

		0.0342		0.421		0.338

		0.0334		0.421		0.338

		0.0327		0.422		0.338

		0.0319		0.422		0.338

		0.0312		0.422		0.338

		0.0305		0.422		0.338

		0.0298		0.423		0.338

		0.0291		0.423		0.338

		0.0285		0.423		0.337

		0.0278		0.424		0.337

		0.0272		0.424		0.337

		0.0266		0.424		0.337

		0.026		0.424		0.337

		0.0254		0.425		0.337

		0.0248		0.425		0.337

		0.0242		0.425		0.337

		0.0237		0.426		0.337

		0.0232		0.426		0.336

		0.0226		0.426		0.336

		0.0221		0.426		0.336

		0.0216		0.427		0.336

		0.0211		0.427		0.336

		0.0206		0.427		0.336

		0.0202		0.428		0.336
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		Table 6.2. Sample computation of erosvity EI30 or an individual storm

		Time (hours:minutes)		Duration of interval (minutes)		Cumulative rain depth (mm)		Rainfall in interval (mm)		Intensity (mm/h)		Unit energy (units)		Energy in interval (units)

		4:00				0.0

		4:20		20		1.3		1.3		3.8		0.137		0.17

		4:27		7		3.0		1.8		15.2		0.230		0.41

		4:36		9		8.9		5.8		38.9		0.281		1.64

		4:50		13		26.7		17.8		82.1		0.290		5.15

		4:57		3		30.5		3.8		76.2		0.290		1.10

		5:05		8		31.8		1.3		9.5		0.194		0.25

		5:15		10		31.8		0.0		0.0		0.081		0.00

		5:30		20		33.0		1.3		3.8		0.137		0.17

		Total		90				33						8.90
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		Month		Temperature		Rainfall

		1		45.2		5.24

		2		47.7		4.72

		3		53.8		6.61

		4		61.9		5

		5		69.4		4.53

		6		77.4		3.61

		7		79.5		5.39

		8		79		3.85

		9		74.8		4.33

		10		63.7		2.64

		11		52		3.64

		12		45.7		4.96
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Sheet4

		Day		Temperature		Precipitation

		1-Jan		45.42		0.165

		2-Jan		45.39		0.165

		3-Jan		45.37		0.166

		4-Jan		45.34		0.166

		5-Jan		45.32		0.167

		6-Jan		45.29		0.168

		7-Jan		45.26		0.168

		8-Jan		45.24		0.169

		9-Jan		45.21		0.169

		10-Jan		45.19		0.17

		11-Jan		45.16		0.17

		12-Jan		45.13		0.171

		13-Jan		45.11		0.171

		14-Jan		45.08		0.172

		15-Jan		45.06		0.172

		16-Jan		45.03		0.173

		17-Jan		45		0.173

		18-Jan		44.98		0.174

		19-Jan		44.95		0.174

		20-Jan		44.93		0.175

		21-Jan		44.9		0.174

		22-Jan		44.87		0.172

		23-Jan		44.85		0.171

		24-Jan		44.82		0.17

		25-Jan		44.8		0.168

		26-Jan		44.84		0.167

		27-Jan		45.16		0.166

		28-Jan		45.48		0.165

		29-Jan		45.8		0.163

		30-Jan		46.12		0.162

		31-Jan		46.44		0.161

		1-Feb		46.51		0.177

		2-Feb		46.57		0.176

		3-Feb		46.63		0.175

		4-Feb		46.7		0.174

		5-Feb		46.76		0.173

		6-Feb		46.82		0.171

		7-Feb		46.89		0.17

		8-Feb		46.95		0.169

		9-Feb		47.01		0.168

		10-Feb		47.08		0.167

		11-Feb		47.14		0.166

		12-Feb		47.2		0.165

		13-Feb		47.26		0.164

		14-Feb		47.33		0.163

		15-Feb		47.39		0.162

		16-Feb		47.45		0.161

		17-Feb		47.52		0.16

		18-Feb		47.58		0.159

		19-Feb		47.64		0.158

		20-Feb		47.76		0.157

		21-Feb		48.13		0.155

		22-Feb		48.5		0.154

		23-Feb		48.87		0.162

		24-Feb		49.25		0.17

		25-Feb		49.62		0.178

		26-Feb		49.99		0.186

		27-Feb		50.37		0.194

		28-Feb		50.74		0.202

		1-Mar		50.91		0.187

		2-Mar		51.08		0.191

		3-Mar		51.25		0.195

		4-Mar		51.43		0.199

		5-Mar		51.6		0.203

		6-Mar		51.77		0.207

		7-Mar		51.94		0.212

		8-Mar		52.11		0.216

		9-Mar		52.28		0.22

		10-Mar		52.46		0.224

		11-Mar		52.63		0.228

		12-Mar		52.8		0.232

		13-Mar		52.97		0.236

		14-Mar		53.14		0.24

		15-Mar		53.32		0.239

		16-Mar		53.49		0.236

		17-Mar		53.66		0.233

		18-Mar		53.87		0.229

		19-Mar		54.18		0.226

		20-Mar		54.48		0.223

		21-Mar		54.78		0.22

		22-Mar		55.09		0.216

		23-Mar		55.39		0.213

		24-Mar		55.7		0.21

		25-Mar		56		0.207

		26-Mar		56.31		0.204

		27-Mar		56.61		0.2

		28-Mar		56.92		0.197

		29-Mar		57.22		0.194

		30-Mar		57.53		0.191

		31-Mar		57.83		0.187

		1-Apr		58.11		0.19

		2-Apr		58.39		0.186

		3-Apr		58.67		0.182

		4-Apr		58.95		0.178

		5-Apr		59.23		0.174

		6-Apr		59.51		0.17

		7-Apr		59.79		0.167

		8-Apr		60.07		0.166

		9-Apr		60.35		0.166

		10-Apr		60.63		0.166

		11-Apr		60.91		0.165

		12-Apr		61.19		0.165

		13-Apr		61.47		0.165

		14-Apr		61.74		0.164

		15-Apr		62.01		0.164

		16-Apr		62.25		0.164

		17-Apr		62.49		0.163

		18-Apr		62.74		0.163

		19-Apr		62.98		0.163

		20-Apr		63.22		0.162

		21-Apr		63.47		0.162

		22-Apr		63.71		0.162

		23-Apr		63.95		0.161

		24-Apr		64.2		0.161

		25-Apr		64.44		0.16

		26-Apr		64.69		0.16

		27-Apr		64.93		0.16

		28-Apr		65.17		0.159

		29-Apr		65.42		0.159

		30-Apr		65.66		0.159

		1-May		65.9		0.153

		2-May		66.14		0.153

		3-May		66.37		0.153

		4-May		66.61		0.152

		5-May		66.85		0.152

		6-May		67.09		0.151

		7-May		67.33		0.151

		8-May		67.57		0.151

		9-May		67.8		0.15

		10-May		68.04		0.15

		11-May		68.28		0.15

		12-May		68.52		0.149

		13-May		68.76		0.149

		14-May		69		0.148

		15-May		69.23		0.148

		16-May		69.48		0.148

		17-May		69.74		0.147

		18-May		70		0.147

		19-May		70.26		0.147

		20-May		70.52		0.146

		21-May		70.78		0.145

		22-May		71.05		0.144

		23-May		71.31		0.142

		24-May		71.57		0.141

		25-May		71.83		0.14

		26-May		72.09		0.138

		27-May		72.35		0.137

		28-May		72.62		0.135

		29-May		72.88		0.134

		30-May		73.14		0.133

		31-May		73.4		0.131

		1-Jun		74.02		0.134

		2-Jun		74.63		0.132

		3-Jun		75.25		0.13

		4-Jun		75.86		0.128

		5-Jun		76.48		0.127

		6-Jun		77.1		0.125

		7-Jun		77.39		0.123

		8-Jun		77.43		0.121

		9-Jun		77.48		0.12

		10-Jun		77.52		0.118

		11-Jun		77.57		0.116

		12-Jun		77.62		0.114

		13-Jun		77.66		0.112

		14-Jun		77.71		0.111

		15-Jun		77.75		0.109

		16-Jun		77.8		0.107

		17-Jun		77.84		0.105

		18-Jun		77.89		0.103

		19-Jun		77.94		0.102

		20-Jun		77.98		0.101

		21-Jun		78.03		0.106

		22-Jun		78.07		0.111

		23-Jun		78.12		0.116

		24-Jun		78.17		0.121

		25-Jun		78.21		0.126

		26-Jun		78.26		0.13

		27-Jun		78.3		0.135

		28-Jun		78.35		0.14

		29-Jun		78.39		0.145

		30-Jun		78.44		0.15

		1-Jul		78.68		0.149

		2-Jul		78.93		0.153

		3-Jul		79.17		0.157

		4-Jul		79.42		0.161

		5-Jul		79.66		0.165

		6-Jul		79.9		0.168

		7-Jul		79.93		0.172

		8-Jul		79.9		0.176

		9-Jul		79.87		0.18

		10-Jul		79.84		0.184

		11-Jul		79.82		0.188

		12-Jul		79.79		0.191

		13-Jul		79.76		0.195

		14-Jul		79.73		0.199

		15-Jul		79.7		0.199

		16-Jul		79.67		0.196

		17-Jul		79.65		0.193

		18-Jul		79.62		0.189

		19-Jul		79.59		0.186

		20-Jul		79.56		0.183

		21-Jul		79.53		0.18

		22-Jul		79.5		0.177

		23-Jul		79.48		0.174

		24-Jul		79.45		0.171

		25-Jul		79.42		0.168

		26-Jul		79.39		0.165

		27-Jul		79.36		0.162

		28-Jul		79.33		0.158

		29-Jul		79.31		0.155

		30-Jul		79.28		0.152

		31-Jul		79.25		0.149

		1-Aug		79.24		0.144

		2-Aug		79.23		0.139

		3-Aug		79.22		0.134

		4-Aug		79.21		0.129

		5-Aug		79.2		0.124

		6-Aug		79.19		0.119

		7-Aug		79.18		0.114

		8-Aug		79.17		0.113

		9-Aug		79.16		0.114

		10-Aug		79.15		0.115

		11-Aug		79.14		0.115

		12-Aug		79.13		0.116

		13-Aug		79.12		0.117

		14-Aug		79.11		0.118

		15-Aug		79.1		0.119

		16-Aug		79.09		0.12

		17-Aug		79.08		0.12

		18-Aug		79.07		0.121

		19-Aug		79.06		0.122

		20-Aug		79.05		0.123

		21-Aug		79.04		0.124

		22-Aug		79.03		0.125

		23-Aug		79.02		0.125

		24-Aug		79.01		0.126

		25-Aug		79		0.127

		26-Aug		78.99		0.128

		27-Aug		78.98		0.129

		28-Aug		78.65		0.129

		29-Aug		78.07		0.13

		30-Aug		77.49		0.131

		31-Aug		76.91		0.132

		1-Sep		76.82		0.137

		2-Sep		76.72		0.138

		3-Sep		76.63		0.139

		4-Sep		76.53		0.14

		5-Sep		76.44		0.141

		6-Sep		76.34		0.142

		7-Sep		76.25		0.142

		8-Sep		76.15		0.143

		9-Sep		76.06		0.144

		10-Sep		75.96		0.145

		11-Sep		75.87		0.146

		12-Sep		75.77		0.147

		13-Sep		75.68		0.148

		14-Sep		75.59		0.149

		15-Sep		75.49		0.149

		16-Sep		75.4		0.15

		17-Sep		75.3		0.151

		18-Sep		75.21		0.152

		19-Sep		75.11		0.153

		20-Sep		75.02		0.154

		21-Sep		74.92		0.155

		22-Sep		74.76		0.156

		23-Sep		74.07		0.157

		24-Sep		73.38		0.153

		25-Sep		72.7		0.147

		26-Sep		72.01		0.141

		27-Sep		71.32		0.135

		28-Sep		70.63		0.128

		29-Sep		69.95		0.122

		30-Sep		69.26		0.116

		1-Oct		68.91		0.108

		2-Oct		68.56		0.104

		3-Oct		68.2		0.1

		4-Oct		67.85		0.096

		5-Oct		67.5		0.0919

		6-Oct		67.15		0.0877

		7-Oct		66.8		0.0836

		8-Oct		66.45		0.0795

		9-Oct		66.09		0.0754

		10-Oct		65.74		0.0713

		11-Oct		65.39		0.0671

		12-Oct		65.04		0.0658

		13-Oct		64.69		0.0677

		14-Oct		64.34		0.0696

		15-Oct		63.98		0.0714

		16-Oct		63.63		0.0733

		17-Oct		63.24		0.0752

		18-Oct		62.86		0.0771

		19-Oct		62.47		0.0789

		20-Oct		62.08		0.0808

		21-Oct		61.7		0.0827

		22-Oct		61.31		0.0845

		23-Oct		60.92		0.0864

		24-Oct		60.54		0.0883

		25-Oct		60.15		0.0901

		26-Oct		59.76		0.092

		27-Oct		59.38		0.0939

		28-Oct		58.99		0.0957

		29-Oct		58.6		0.0976

		30-Oct		58.22		0.0995

		31-Oct		57.83		0.101

		1-Nov		57.27		0.106

		2-Nov		56.71		0.107

		3-Nov		56.16		0.108

		4-Nov		55.6		0.109

		5-Nov		55.04		0.11

		6-Nov		54.48		0.111

		7-Nov		53.92		0.112

		8-Nov		53.36		0.113

		9-Nov		52.81		0.114

		10-Nov		52.25		0.114

		11-Nov		51.9		0.115

		12-Nov		51.74		0.116

		13-Nov		51.57		0.117

		14-Nov		51.41		0.118

		15-Nov		51.25		0.119

		16-Nov		51.09		0.12

		17-Nov		50.93		0.121

		18-Nov		50.77		0.123

		19-Nov		50.61		0.125

		20-Nov		50.45		0.126

		21-Nov		50.29		0.128

		22-Nov		50.13		0.13

		23-Nov		49.97		0.131

		24-Nov		49.8		0.133

		25-Nov		49.64		0.135

		26-Nov		49.48		0.137

		27-Nov		49.32		0.138

		28-Nov		49.16		0.14

		29-Nov		49		0.142

		30-Nov		48.84		0.143

		1-Dec		47.47		0.143

		2-Dec		46.11		0.147

		3-Dec		45.69		0.151

		4-Dec		45.68		0.155

		5-Dec		45.67		0.159

		6-Dec		45.67		0.16

		7-Dec		45.66		0.16

		8-Dec		45.65		0.16

		9-Dec		45.64		0.161

		10-Dec		45.63		0.161

		11-Dec		45.62		0.161

		12-Dec		45.61		0.161

		13-Dec		45.6		0.161

		14-Dec		45.6		0.162

		15-Dec		45.59		0.162

		16-Dec		45.58		0.162

		17-Dec		45.57		0.162

		18-Dec		45.56		0.162

		19-Dec		45.55		0.162

		20-Dec		45.54		0.163

		21-Dec		45.53		0.163

		22-Dec		45.53		0.163

		23-Dec		45.52		0.163

		24-Dec		45.51		0.163

		25-Dec		45.5		0.163

		26-Dec		45.49		0.164

		27-Dec		45.48		0.164

		28-Dec		45.47		0.164

		29-Dec		45.46		0.164

		30-Dec		45.45		0.164

		31-Dec		45.45		0.164





Sheet4

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Temperature

Day in year

Daily temperature (oF)
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Day in year

Daily rainfall (in)



		

		Standard		Req

		0.8		13

		2.3		15

		1.6		15

		2.7		13

		4.3		9

		6.1		4

		4.7		0.4

		4.5		0.3

		4.4		0.4

		4.6		0.3

		5.6		0.4

		4.8		0.3

		3.7		0.4

		3.3		0.4

		4		0.3

		4.3		0.4

		3.2		0.4

		4.8		0.3

		9.3		0.3

		11		0.4

		7.8		2

		2.6		5

		0		8

		0		11
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Req

Standard

Half month during year

Fraction of erosivity in period



		

				St. Paul		Birmingham		Tombstone

				0.0189		0.428		0.336

				0.0176		0.429		0.336

				0.0165		0.43		0.336

				0.0154		0.431		0.336

				0.0144		0.432		0.336

				0.0135		0.433		0.336

				0.0126		0.434		0.336

				0.0118		0.434		0.336

				0.011		0.435		0.336

				0.0103		0.436		0.336

				0.00966		0.437		0.336

				0.00904		0.438		0.335

				0.00845		0.439		0.335

				0.00791		0.439		0.335

				0.00739		0.44		0.335

				0.00692		0.441		0.335

				0.00726		0.442		0.335

				0.00783		0.443		0.335

				0.00846		0.444		0.335

				0.00913		0.445		0.335

				0.00986		0.443		0.335

				0.0106		0.441		0.335

				0.0115		0.439		0.335

				0.0124		0.437		0.335

				0.0134		0.435		0.335

				0.0145		0.433		0.334

				0.0156		0.43		0.334

				0.0169		0.428		0.333

				0.0182		0.425		0.332

				0.0196		0.422		0.33

				0.0212		0.42		0.328

				0.0219		0.445		0.346

				0.0225		0.443		0.345

				0.0232		0.441		0.345

				0.0239		0.439		0.345

				0.0247		0.438		0.344

				0.0254		0.436		0.344

				0.0262		0.434		0.344

				0.027		0.432		0.343

				0.0278		0.43		0.343

				0.0287		0.429		0.343

				0.0296		0.427		0.342

				0.0305		0.425		0.342

				0.0314		0.423		0.342

				0.0324		0.421		0.341

				0.0334		0.42		0.341

				0.0344		0.418		0.341

				0.0355		0.416		0.34

				0.0366		0.414		0.34

				0.0377		0.412		0.339

				0.0426		0.411		0.339

				0.0492		0.408		0.338

				0.0567		0.406		0.337

				0.0654		0.417		0.337

				0.0754		0.429		0.334

				0.087		0.441		0.328

				0.1		0.453		0.323

				0.116		0.465		0.318

				0.134		0.477		0.312

				0.144		0.452		0.296

				0.155		0.458		0.295

				0.167		0.464		0.293

				0.18		0.47		0.292

				0.193		0.476		0.291

				0.208		0.482		0.289

				0.224		0.488		0.288

				0.242		0.495		0.287

				0.26		0.501		0.285

				0.28		0.507		0.284

				0.302		0.513		0.283

				0.325		0.519		0.281

				0.328		0.525		0.28

				0.329		0.531		0.279

				0.33		0.529		0.277

				0.33		0.523		0.276

				0.331		0.518		0.275

				0.331		0.513		0.274

				0.331		0.507		0.272

				0.331		0.501		0.269

				0.331		0.496		0.266

				0.332		0.49		0.262

				0.332		0.484		0.259

				0.332		0.478		0.256

				0.332		0.473		0.253

				0.332		0.467		0.25

				0.333		0.461		0.247

				0.333		0.456		0.243

				0.333		0.45		0.24

				0.333		0.444		0.237

				0.333		0.439		0.234

				0.339		0.442		0.232

				0.339		0.435		0.226

				0.339		0.428		0.221

				0.34		0.422		0.215

				0.34		0.415		0.21

				0.34		0.408		0.205

				0.341		0.402		0.201

				0.341		0.401		0.2

				0.341		0.4		0.199

				0.342		0.399		0.199

				0.342		0.398		0.198

				0.342		0.397		0.197

				0.343		0.396		0.196

				0.343		0.395		0.195

				0.344		0.394		0.194

				0.345		0.393		0.193

				0.346		0.392		0.193

				0.347		0.391		0.192

				0.349		0.39		0.191

				0.351		0.389		0.19

				0.352		0.388		0.189

				0.354		0.387		0.188

				0.356		0.386		0.187

				0.357		0.385		0.186

				0.359		0.384		0.185

				0.361		0.383		0.185

				0.362		0.382		0.184

				0.364		0.381		0.183

				0.366		0.38		0.182

				0.368		0.379		0.181

				0.361		0.37		0.178

				0.362		0.368		0.177

				0.363		0.367		0.175

				0.364		0.366		0.174

				0.365		0.365		0.172

				0.366		0.364		0.171

				0.366		0.363		0.17

				0.367		0.362		0.168

				0.368		0.361		0.167

				0.369		0.36		0.166

				0.37		0.359		0.164

				0.371		0.358		0.163

				0.372		0.357		0.161

				0.373		0.356		0.16

				0.374		0.355		0.159

				0.375		0.354		0.157

				0.377		0.353		0.156

				0.379		0.351		0.154

				0.381		0.35		0.153

				0.383		0.349		0.151

				0.386		0.347		0.15

				0.388		0.345		0.148

				0.39		0.342		0.147

				0.393		0.339		0.145

				0.395		0.336		0.151

				0.397		0.334		0.156

				0.4		0.331		0.162

				0.402		0.328		0.168

				0.404		0.326		0.173

				0.407		0.323		0.179

				0.409		0.32		0.185

				0.423		0.323		0.185

				0.428		0.319		0.183

				0.434		0.315		0.182

				0.439		0.311		0.183

				0.444		0.307		0.184

				0.449		0.303		0.185

				0.454		0.299		0.186

				0.459		0.297		0.187

				0.465		0.294		0.189

				0.47		0.291		0.19

				0.475		0.288		0.191

				0.481		0.285		0.192

				0.478		0.282		0.193

				0.474		0.279		0.194

				0.471		0.276		0.195

				0.467		0.273		0.196

				0.464		0.27		0.198

				0.46		0.268		0.199

				0.456		0.265		0.2

				0.453		0.264		0.201

				0.449		0.271		0.202

				0.446		0.279		0.203

				0.442		0.287		0.204

				0.439		0.294		0.205

				0.435		0.302		0.206

				0.431		0.309		0.208

				0.428		0.317		0.209

				0.424		0.324		0.29

				0.421		0.332		0.409

				0.417		0.34		0.528

				0.403		0.338		0.718

				0.399		0.343		0.855

				0.395		0.349		0.853

				0.39		0.354		0.851

				0.386		0.36		0.85

				0.382		0.365		0.848

				0.377		0.371		0.846

				0.375		0.377		0.844

				0.374		0.383		0.842

				0.372		0.39		0.84

				0.371		0.396		0.839

				0.371		0.402		0.837

				0.371		0.408		0.835

				0.371		0.414		0.833

				0.371		0.413		0.831

				0.371		0.408		0.829

				0.371		0.404		0.828

				0.371		0.399		0.826

				0.371		0.394		0.824

				0.371		0.389		0.822

				0.371		0.384		0.82

				0.371		0.38		0.818

				0.371		0.375		0.817

				0.371		0.37		0.816

				0.371		0.365		0.814

				0.371		0.36		0.813

				0.371		0.356		0.812

				0.371		0.351		0.81

				0.371		0.346		0.809

				0.371		0.341		0.807

				0.37		0.336		0.806

				0.37		0.329		0.806

				0.37		0.321		0.805

				0.37		0.313		0.805

				0.369		0.305		0.804

				0.369		0.297		0.804

				0.369		0.29		0.803

				0.368		0.282		0.803

				0.368		0.28		0.802

				0.368		0.281		0.802

				0.368		0.283		0.801

				0.367		0.284		0.801

				0.367		0.285		0.8

				0.367		0.287		0.8

				0.366		0.288		0.799

				0.366		0.289		0.799

				0.366		0.29		0.798

				0.366		0.292		0.798

				0.365		0.293		0.797

				0.365		0.294		0.797

				0.365		0.296		0.796

				0.364		0.297		0.796

				0.363		0.298		0.795

				0.361		0.3		0.795

				0.36		0.301		0.795

				0.359		0.302		0.794

				0.359		0.304		0.794

				0.358		0.305		0.793

				0.358		0.307		0.793

				0.357		0.309		0.748

				0.357		0.312		0.675

				0.357		0.314		0.602

				0.364		0.323		0.597

				0.363		0.324		0.576

				0.363		0.326		0.555

				0.362		0.327		0.534
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				0.0202		0.428		0.336
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		Table 6.2. Sample computation of erosvity EI30 or an individual storm

		Time (hours:minutes)		Duration of interval (minutes)		Cumulative rain depth (mm)		Rainfall in interval (mm)		Intensity (mm/h)		Unit energy (units)		Energy in interval (units)

		4:00				0.0

		4:20		20		1.3		1.3		3.8		0.137		0.17

		4:27		7		3.0		1.8		15.2		0.230		0.41

		4:36		9		8.9		5.8		38.9		0.281		1.64

		4:50		13		26.7		17.8		82.1		0.290		5.15

		4:57		3		30.5		3.8		76.2		0.290		1.10

		5:05		8		31.8		1.3		9.5		0.194		0.25

		5:15		10		31.8		0.0		0.0		0.081		0.00

		5:30		20		33.0		1.3		3.8		0.137		0.17

		Total		90				33						8.90
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		Month		Temperature		Rainfall

		1		45.2		5.24

		2		47.7		4.72

		3		53.8		6.61

		4		61.9		5

		5		69.4		4.53

		6		77.4		3.61

		7		79.5		5.39

		8		79		3.85

		9		74.8		4.33

		10		63.7		2.64

		11		52		3.64

		12		45.7		4.96





Sheet2

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Month in year

Monthy temperature (oF)



Sheet3

		Day		Temperature		Precipitation

		1-Jan		45.42		0.165

		2-Jan		45.39		0.165

		3-Jan		45.37		0.166

		4-Jan		45.34		0.166

		5-Jan		45.32		0.167

		6-Jan		45.29		0.168

		7-Jan		45.26		0.168

		8-Jan		45.24		0.169

		9-Jan		45.21		0.169

		10-Jan		45.19		0.17

		11-Jan		45.16		0.17

		12-Jan		45.13		0.171

		13-Jan		45.11		0.171

		14-Jan		45.08		0.172

		15-Jan		45.06		0.172

		16-Jan		45.03		0.173

		17-Jan		45		0.173

		18-Jan		44.98		0.174
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		29-Jan		45.8		0.163
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		29-Jul		79.31		0.155
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		Table 6.2. Sample computation of erosvity EI30 or an individual storm

		Time (hours:minutes)		Duration of interval (minutes)		Cumulative rain depth (mm)		Rainfall in interval (mm)		Intensity (mm/h)		Unit energy (units)		Energy in interval (units)

		4:00				0.0

		4:20		20		1.3		1.3		3.8		0.137		0.17

		4:27		7		3.0		1.8		15.2		0.230		0.41

		4:36		9		8.9		5.8		38.9		0.281		1.64

		4:50		13		26.7		17.8		82.1		0.290		5.15

		4:57		3		30.5		3.8		76.2		0.290		1.10

		5:05		8		31.8		1.3		9.5		0.194		0.25

		5:15		10		31.8		0.0		0.0		0.081		0.00

		5:30		20		33.0		1.3		3.8		0.137		0.17

		Total		90				33						8.90
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Sheet2

		Month		Temperature		Rainfall

		1		45.2		5.24

		2		47.7		4.72

		3		53.8		6.61

		4		61.9		5

		5		69.4		4.53

		6		77.4		3.61

		7		79.5		5.39

		8		79		3.85

		9		74.8		4.33

		10		63.7		2.64

		11		52		3.64

		12		45.7		4.96
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Month in year

Monthy precipitation (in)



Sheet4

		Day		Temperature		Precipitation

		1-Jan		45.42		0.165

		2-Jan		45.39		0.165

		3-Jan		45.37		0.166

		4-Jan		45.34		0.166

		5-Jan		45.32		0.167

		6-Jan		45.29		0.168

		7-Jan		45.26		0.168

		8-Jan		45.24		0.169

		9-Jan		45.21		0.169

		10-Jan		45.19		0.17

		11-Jan		45.16		0.17

		12-Jan		45.13		0.171

		13-Jan		45.11		0.171

		14-Jan		45.08		0.172

		15-Jan		45.06		0.172

		16-Jan		45.03		0.173

		17-Jan		45		0.173

		18-Jan		44.98		0.174

		19-Jan		44.95		0.174

		20-Jan		44.93		0.175

		21-Jan		44.9		0.174

		22-Jan		44.87		0.172

		23-Jan		44.85		0.171

		24-Jan		44.82		0.17

		25-Jan		44.8		0.168

		26-Jan		44.84		0.167

		27-Jan		45.16		0.166

		28-Jan		45.48		0.165

		29-Jan		45.8		0.163

		30-Jan		46.12		0.162

		31-Jan		46.44		0.161

		1-Feb		46.51		0.177

		2-Feb		46.57		0.176

		3-Feb		46.63		0.175

		4-Feb		46.7		0.174

		5-Feb		46.76		0.173

		6-Feb		46.82		0.171

		7-Feb		46.89		0.17

		8-Feb		46.95		0.169

		9-Feb		47.01		0.168

		10-Feb		47.08		0.167

		11-Feb		47.14		0.166

		12-Feb		47.2		0.165

		13-Feb		47.26		0.164

		14-Feb		47.33		0.163

		15-Feb		47.39		0.162

		16-Feb		47.45		0.161

		17-Feb		47.52		0.16

		18-Feb		47.58		0.159

		19-Feb		47.64		0.158

		20-Feb		47.76		0.157

		21-Feb		48.13		0.155

		22-Feb		48.5		0.154

		23-Feb		48.87		0.162

		24-Feb		49.25		0.17

		25-Feb		49.62		0.178

		26-Feb		49.99		0.186

		27-Feb		50.37		0.194

		28-Feb		50.74		0.202

		1-Mar		50.91		0.187

		2-Mar		51.08		0.191

		3-Mar		51.25		0.195

		4-Mar		51.43		0.199

		5-Mar		51.6		0.203

		6-Mar		51.77		0.207

		7-Mar		51.94		0.212

		8-Mar		52.11		0.216

		9-Mar		52.28		0.22

		10-Mar		52.46		0.224

		11-Mar		52.63		0.228

		12-Mar		52.8		0.232

		13-Mar		52.97		0.236

		14-Mar		53.14		0.24

		15-Mar		53.32		0.239

		16-Mar		53.49		0.236

		17-Mar		53.66		0.233

		18-Mar		53.87		0.229

		19-Mar		54.18		0.226

		20-Mar		54.48		0.223

		21-Mar		54.78		0.22

		22-Mar		55.09		0.216

		23-Mar		55.39		0.213

		24-Mar		55.7		0.21

		25-Mar		56		0.207

		26-Mar		56.31		0.204

		27-Mar		56.61		0.2

		28-Mar		56.92		0.197

		29-Mar		57.22		0.194

		30-Mar		57.53		0.191

		31-Mar		57.83		0.187

		1-Apr		58.11		0.19

		2-Apr		58.39		0.186

		3-Apr		58.67		0.182

		4-Apr		58.95		0.178

		5-Apr		59.23		0.174

		6-Apr		59.51		0.17

		7-Apr		59.79		0.167

		8-Apr		60.07		0.166

		9-Apr		60.35		0.166

		10-Apr		60.63		0.166

		11-Apr		60.91		0.165

		12-Apr		61.19		0.165

		13-Apr		61.47		0.165

		14-Apr		61.74		0.164

		15-Apr		62.01		0.164

		16-Apr		62.25		0.164

		17-Apr		62.49		0.163

		18-Apr		62.74		0.163

		19-Apr		62.98		0.163

		20-Apr		63.22		0.162

		21-Apr		63.47		0.162

		22-Apr		63.71		0.162

		23-Apr		63.95		0.161

		24-Apr		64.2		0.161

		25-Apr		64.44		0.16

		26-Apr		64.69		0.16

		27-Apr		64.93		0.16

		28-Apr		65.17		0.159

		29-Apr		65.42		0.159

		30-Apr		65.66		0.159

		1-May		65.9		0.153

		2-May		66.14		0.153

		3-May		66.37		0.153

		4-May		66.61		0.152

		5-May		66.85		0.152

		6-May		67.09		0.151

		7-May		67.33		0.151

		8-May		67.57		0.151

		9-May		67.8		0.15

		10-May		68.04		0.15

		11-May		68.28		0.15

		12-May		68.52		0.149

		13-May		68.76		0.149

		14-May		69		0.148

		15-May		69.23		0.148

		16-May		69.48		0.148

		17-May		69.74		0.147

		18-May		70		0.147

		19-May		70.26		0.147

		20-May		70.52		0.146

		21-May		70.78		0.145

		22-May		71.05		0.144

		23-May		71.31		0.142

		24-May		71.57		0.141

		25-May		71.83		0.14

		26-May		72.09		0.138

		27-May		72.35		0.137

		28-May		72.62		0.135

		29-May		72.88		0.134

		30-May		73.14		0.133

		31-May		73.4		0.131

		1-Jun		74.02		0.134

		2-Jun		74.63		0.132

		3-Jun		75.25		0.13

		4-Jun		75.86		0.128

		5-Jun		76.48		0.127

		6-Jun		77.1		0.125

		7-Jun		77.39		0.123

		8-Jun		77.43		0.121

		9-Jun		77.48		0.12

		10-Jun		77.52		0.118

		11-Jun		77.57		0.116

		12-Jun		77.62		0.114

		13-Jun		77.66		0.112

		14-Jun		77.71		0.111

		15-Jun		77.75		0.109

		16-Jun		77.8		0.107

		17-Jun		77.84		0.105

		18-Jun		77.89		0.103

		19-Jun		77.94		0.102

		20-Jun		77.98		0.101

		21-Jun		78.03		0.106

		22-Jun		78.07		0.111

		23-Jun		78.12		0.116

		24-Jun		78.17		0.121

		25-Jun		78.21		0.126

		26-Jun		78.26		0.13

		27-Jun		78.3		0.135

		28-Jun		78.35		0.14

		29-Jun		78.39		0.145

		30-Jun		78.44		0.15

		1-Jul		78.68		0.149

		2-Jul		78.93		0.153

		3-Jul		79.17		0.157

		4-Jul		79.42		0.161

		5-Jul		79.66		0.165

		6-Jul		79.9		0.168

		7-Jul		79.93		0.172

		8-Jul		79.9		0.176

		9-Jul		79.87		0.18

		10-Jul		79.84		0.184

		11-Jul		79.82		0.188

		12-Jul		79.79		0.191

		13-Jul		79.76		0.195

		14-Jul		79.73		0.199

		15-Jul		79.7		0.199

		16-Jul		79.67		0.196

		17-Jul		79.65		0.193

		18-Jul		79.62		0.189

		19-Jul		79.59		0.186

		20-Jul		79.56		0.183

		21-Jul		79.53		0.18

		22-Jul		79.5		0.177

		23-Jul		79.48		0.174

		24-Jul		79.45		0.171

		25-Jul		79.42		0.168

		26-Jul		79.39		0.165

		27-Jul		79.36		0.162

		28-Jul		79.33		0.158

		29-Jul		79.31		0.155

		30-Jul		79.28		0.152

		31-Jul		79.25		0.149

		1-Aug		79.24		0.144

		2-Aug		79.23		0.139

		3-Aug		79.22		0.134

		4-Aug		79.21		0.129

		5-Aug		79.2		0.124

		6-Aug		79.19		0.119

		7-Aug		79.18		0.114

		8-Aug		79.17		0.113

		9-Aug		79.16		0.114

		10-Aug		79.15		0.115

		11-Aug		79.14		0.115

		12-Aug		79.13		0.116

		13-Aug		79.12		0.117

		14-Aug		79.11		0.118

		15-Aug		79.1		0.119

		16-Aug		79.09		0.12

		17-Aug		79.08		0.12

		18-Aug		79.07		0.121

		19-Aug		79.06		0.122

		20-Aug		79.05		0.123

		21-Aug		79.04		0.124

		22-Aug		79.03		0.125

		23-Aug		79.02		0.125

		24-Aug		79.01		0.126

		25-Aug		79		0.127

		26-Aug		78.99		0.128

		27-Aug		78.98		0.129

		28-Aug		78.65		0.129

		29-Aug		78.07		0.13

		30-Aug		77.49		0.131

		31-Aug		76.91		0.132

		1-Sep		76.82		0.137

		2-Sep		76.72		0.138

		3-Sep		76.63		0.139

		4-Sep		76.53		0.14

		5-Sep		76.44		0.141

		6-Sep		76.34		0.142

		7-Sep		76.25		0.142

		8-Sep		76.15		0.143

		9-Sep		76.06		0.144

		10-Sep		75.96		0.145

		11-Sep		75.87		0.146

		12-Sep		75.77		0.147

		13-Sep		75.68		0.148

		14-Sep		75.59		0.149

		15-Sep		75.49		0.149

		16-Sep		75.4		0.15

		17-Sep		75.3		0.151

		18-Sep		75.21		0.152

		19-Sep		75.11		0.153

		20-Sep		75.02		0.154

		21-Sep		74.92		0.155

		22-Sep		74.76		0.156

		23-Sep		74.07		0.157

		24-Sep		73.38		0.153

		25-Sep		72.7		0.147

		26-Sep		72.01		0.141

		27-Sep		71.32		0.135

		28-Sep		70.63		0.128

		29-Sep		69.95		0.122

		30-Sep		69.26		0.116

		1-Oct		68.91		0.108

		2-Oct		68.56		0.104

		3-Oct		68.2		0.1

		4-Oct		67.85		0.096

		5-Oct		67.5		0.0919

		6-Oct		67.15		0.0877

		7-Oct		66.8		0.0836

		8-Oct		66.45		0.0795

		9-Oct		66.09		0.0754

		10-Oct		65.74		0.0713

		11-Oct		65.39		0.0671

		12-Oct		65.04		0.0658

		13-Oct		64.69		0.0677

		14-Oct		64.34		0.0696

		15-Oct		63.98		0.0714

		16-Oct		63.63		0.0733

		17-Oct		63.24		0.0752

		18-Oct		62.86		0.0771

		19-Oct		62.47		0.0789

		20-Oct		62.08		0.0808

		21-Oct		61.7		0.0827

		22-Oct		61.31		0.0845

		23-Oct		60.92		0.0864

		24-Oct		60.54		0.0883

		25-Oct		60.15		0.0901

		26-Oct		59.76		0.092

		27-Oct		59.38		0.0939

		28-Oct		58.99		0.0957

		29-Oct		58.6		0.0976

		30-Oct		58.22		0.0995

		31-Oct		57.83		0.101

		1-Nov		57.27		0.106

		2-Nov		56.71		0.107

		3-Nov		56.16		0.108

		4-Nov		55.6		0.109

		5-Nov		55.04		0.11

		6-Nov		54.48		0.111

		7-Nov		53.92		0.112

		8-Nov		53.36		0.113

		9-Nov		52.81		0.114

		10-Nov		52.25		0.114

		11-Nov		51.9		0.115

		12-Nov		51.74		0.116

		13-Nov		51.57		0.117

		14-Nov		51.41		0.118

		15-Nov		51.25		0.119

		16-Nov		51.09		0.12

		17-Nov		50.93		0.121

		18-Nov		50.77		0.123

		19-Nov		50.61		0.125

		20-Nov		50.45		0.126

		21-Nov		50.29		0.128

		22-Nov		50.13		0.13

		23-Nov		49.97		0.131

		24-Nov		49.8		0.133

		25-Nov		49.64		0.135

		26-Nov		49.48		0.137

		27-Nov		49.32		0.138

		28-Nov		49.16		0.14

		29-Nov		49		0.142

		30-Nov		48.84		0.143

		1-Dec		47.47		0.143

		2-Dec		46.11		0.147

		3-Dec		45.69		0.151

		4-Dec		45.68		0.155

		5-Dec		45.67		0.159

		6-Dec		45.67		0.16

		7-Dec		45.66		0.16

		8-Dec		45.65		0.16

		9-Dec		45.64		0.161

		10-Dec		45.63		0.161

		11-Dec		45.62		0.161

		12-Dec		45.61		0.161

		13-Dec		45.6		0.161

		14-Dec		45.6		0.162

		15-Dec		45.59		0.162

		16-Dec		45.58		0.162

		17-Dec		45.57		0.162

		18-Dec		45.56		0.162

		19-Dec		45.55		0.162

		20-Dec		45.54		0.163

		21-Dec		45.53		0.163

		22-Dec		45.53		0.163

		23-Dec		45.52		0.163

		24-Dec		45.51		0.163

		25-Dec		45.5		0.163

		26-Dec		45.49		0.164

		27-Dec		45.48		0.164

		28-Dec		45.47		0.164

		29-Dec		45.46		0.164

		30-Dec		45.45		0.164

		31-Dec		45.45		0.164
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Temperature

Day in year

Daily temperature (oF)
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Sheet1

		Table 6.2. Sample computation of erosvity EI30 or an individual storm

		Time (hours:minutes)		Duration of interval (minutes)		Cumulative rain depth (mm)		Rainfall in interval (mm)		Intensity (mm/h)		Unit energy (units)		Energy in interval (units)

		4:00				0.0

		4:20		20		1.3		1.3		3.8		0.137		0.17

		4:27		7		3.0		1.8		15.2		0.230		0.41

		4:36		9		8.9		5.8		38.9		0.281		1.64

		4:50		13		26.7		17.8		82.1		0.290		5.15

		4:57		3		30.5		3.8		76.2		0.290		1.10

		5:05		8		31.8		1.3		9.5		0.194		0.25

		5:15		10		31.8		0.0		0.0		0.081		0.00

		5:30		20		33.0		1.3		3.8		0.137		0.17

		Total		90				33						8.90
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Sheet2

		Month		Temperature		Rainfall

		1		45.2		5.24

		2		47.7		4.72

		3		53.8		6.61

		4		61.9		5

		5		69.4		4.53

		6		77.4		3.61

		7		79.5		5.39

		8		79		3.85

		9		74.8		4.33

		10		63.7		2.64

		11		52		3.64

		12		45.7		4.96
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Month in year

Monthy precipitation (in)



		Day		Temperature		Precipitation

		1-Jan		45.42		0.165

		2-Jan		45.39		0.165

		3-Jan		45.37		0.166

		4-Jan		45.34		0.166

		5-Jan		45.32		0.167

		6-Jan		45.29		0.168

		7-Jan		45.26		0.168

		8-Jan		45.24		0.169

		9-Jan		45.21		0.169

		10-Jan		45.19		0.17

		11-Jan		45.16		0.17

		12-Jan		45.13		0.171

		13-Jan		45.11		0.171

		14-Jan		45.08		0.172

		15-Jan		45.06		0.172

		16-Jan		45.03		0.173

		17-Jan		45		0.173

		18-Jan		44.98		0.174

		19-Jan		44.95		0.174

		20-Jan		44.93		0.175

		21-Jan		44.9		0.174

		22-Jan		44.87		0.172

		23-Jan		44.85		0.171

		24-Jan		44.82		0.17

		25-Jan		44.8		0.168

		26-Jan		44.84		0.167

		27-Jan		45.16		0.166

		28-Jan		45.48		0.165

		29-Jan		45.8		0.163

		30-Jan		46.12		0.162

		31-Jan		46.44		0.161

		1-Feb		46.51		0.177

		2-Feb		46.57		0.176

		3-Feb		46.63		0.175

		4-Feb		46.7		0.174

		5-Feb		46.76		0.173

		6-Feb		46.82		0.171

		7-Feb		46.89		0.17

		8-Feb		46.95		0.169

		9-Feb		47.01		0.168

		10-Feb		47.08		0.167

		11-Feb		47.14		0.166

		12-Feb		47.2		0.165

		13-Feb		47.26		0.164

		14-Feb		47.33		0.163

		15-Feb		47.39		0.162

		16-Feb		47.45		0.161

		17-Feb		47.52		0.16

		18-Feb		47.58		0.159

		19-Feb		47.64		0.158

		20-Feb		47.76		0.157

		21-Feb		48.13		0.155

		22-Feb		48.5		0.154

		23-Feb		48.87		0.162

		24-Feb		49.25		0.17

		25-Feb		49.62		0.178

		26-Feb		49.99		0.186

		27-Feb		50.37		0.194

		28-Feb		50.74		0.202

		1-Mar		50.91		0.187

		2-Mar		51.08		0.191

		3-Mar		51.25		0.195

		4-Mar		51.43		0.199

		5-Mar		51.6		0.203

		6-Mar		51.77		0.207

		7-Mar		51.94		0.212

		8-Mar		52.11		0.216

		9-Mar		52.28		0.22

		10-Mar		52.46		0.224

		11-Mar		52.63		0.228

		12-Mar		52.8		0.232

		13-Mar		52.97		0.236

		14-Mar		53.14		0.24

		15-Mar		53.32		0.239

		16-Mar		53.49		0.236

		17-Mar		53.66		0.233

		18-Mar		53.87		0.229

		19-Mar		54.18		0.226

		20-Mar		54.48		0.223

		21-Mar		54.78		0.22

		22-Mar		55.09		0.216

		23-Mar		55.39		0.213

		24-Mar		55.7		0.21

		25-Mar		56		0.207

		26-Mar		56.31		0.204

		27-Mar		56.61		0.2

		28-Mar		56.92		0.197

		29-Mar		57.22		0.194

		30-Mar		57.53		0.191

		31-Mar		57.83		0.187

		1-Apr		58.11		0.19

		2-Apr		58.39		0.186

		3-Apr		58.67		0.182

		4-Apr		58.95		0.178

		5-Apr		59.23		0.174

		6-Apr		59.51		0.17

		7-Apr		59.79		0.167

		8-Apr		60.07		0.166

		9-Apr		60.35		0.166

		10-Apr		60.63		0.166

		11-Apr		60.91		0.165

		12-Apr		61.19		0.165

		13-Apr		61.47		0.165

		14-Apr		61.74		0.164

		15-Apr		62.01		0.164

		16-Apr		62.25		0.164

		17-Apr		62.49		0.163

		18-Apr		62.74		0.163

		19-Apr		62.98		0.163

		20-Apr		63.22		0.162

		21-Apr		63.47		0.162

		22-Apr		63.71		0.162

		23-Apr		63.95		0.161

		24-Apr		64.2		0.161

		25-Apr		64.44		0.16

		26-Apr		64.69		0.16

		27-Apr		64.93		0.16

		28-Apr		65.17		0.159

		29-Apr		65.42		0.159

		30-Apr		65.66		0.159

		1-May		65.9		0.153

		2-May		66.14		0.153

		3-May		66.37		0.153

		4-May		66.61		0.152

		5-May		66.85		0.152

		6-May		67.09		0.151

		7-May		67.33		0.151

		8-May		67.57		0.151

		9-May		67.8		0.15

		10-May		68.04		0.15

		11-May		68.28		0.15

		12-May		68.52		0.149

		13-May		68.76		0.149

		14-May		69		0.148

		15-May		69.23		0.148

		16-May		69.48		0.148

		17-May		69.74		0.147

		18-May		70		0.147

		19-May		70.26		0.147

		20-May		70.52		0.146

		21-May		70.78		0.145

		22-May		71.05		0.144

		23-May		71.31		0.142

		24-May		71.57		0.141

		25-May		71.83		0.14

		26-May		72.09		0.138

		27-May		72.35		0.137

		28-May		72.62		0.135

		29-May		72.88		0.134

		30-May		73.14		0.133

		31-May		73.4		0.131

		1-Jun		74.02		0.134

		2-Jun		74.63		0.132

		3-Jun		75.25		0.13

		4-Jun		75.86		0.128

		5-Jun		76.48		0.127

		6-Jun		77.1		0.125

		7-Jun		77.39		0.123

		8-Jun		77.43		0.121

		9-Jun		77.48		0.12

		10-Jun		77.52		0.118

		11-Jun		77.57		0.116

		12-Jun		77.62		0.114

		13-Jun		77.66		0.112

		14-Jun		77.71		0.111

		15-Jun		77.75		0.109

		16-Jun		77.8		0.107

		17-Jun		77.84		0.105

		18-Jun		77.89		0.103

		19-Jun		77.94		0.102

		20-Jun		77.98		0.101

		21-Jun		78.03		0.106

		22-Jun		78.07		0.111

		23-Jun		78.12		0.116

		24-Jun		78.17		0.121

		25-Jun		78.21		0.126

		26-Jun		78.26		0.13

		27-Jun		78.3		0.135

		28-Jun		78.35		0.14

		29-Jun		78.39		0.145

		30-Jun		78.44		0.15

		1-Jul		78.68		0.149

		2-Jul		78.93		0.153

		3-Jul		79.17		0.157

		4-Jul		79.42		0.161

		5-Jul		79.66		0.165

		6-Jul		79.9		0.168

		7-Jul		79.93		0.172

		8-Jul		79.9		0.176

		9-Jul		79.87		0.18

		10-Jul		79.84		0.184

		11-Jul		79.82		0.188

		12-Jul		79.79		0.191

		13-Jul		79.76		0.195

		14-Jul		79.73		0.199

		15-Jul		79.7		0.199

		16-Jul		79.67		0.196

		17-Jul		79.65		0.193

		18-Jul		79.62		0.189

		19-Jul		79.59		0.186

		20-Jul		79.56		0.183

		21-Jul		79.53		0.18

		22-Jul		79.5		0.177

		23-Jul		79.48		0.174

		24-Jul		79.45		0.171

		25-Jul		79.42		0.168

		26-Jul		79.39		0.165

		27-Jul		79.36		0.162

		28-Jul		79.33		0.158

		29-Jul		79.31		0.155

		30-Jul		79.28		0.152

		31-Jul		79.25		0.149

		1-Aug		79.24		0.144

		2-Aug		79.23		0.139

		3-Aug		79.22		0.134

		4-Aug		79.21		0.129

		5-Aug		79.2		0.124

		6-Aug		79.19		0.119

		7-Aug		79.18		0.114

		8-Aug		79.17		0.113

		9-Aug		79.16		0.114

		10-Aug		79.15		0.115

		11-Aug		79.14		0.115

		12-Aug		79.13		0.116

		13-Aug		79.12		0.117

		14-Aug		79.11		0.118

		15-Aug		79.1		0.119

		16-Aug		79.09		0.12

		17-Aug		79.08		0.12

		18-Aug		79.07		0.121

		19-Aug		79.06		0.122

		20-Aug		79.05		0.123

		21-Aug		79.04		0.124

		22-Aug		79.03		0.125

		23-Aug		79.02		0.125

		24-Aug		79.01		0.126

		25-Aug		79		0.127

		26-Aug		78.99		0.128

		27-Aug		78.98		0.129

		28-Aug		78.65		0.129

		29-Aug		78.07		0.13

		30-Aug		77.49		0.131

		31-Aug		76.91		0.132

		1-Sep		76.82		0.137

		2-Sep		76.72		0.138

		3-Sep		76.63		0.139

		4-Sep		76.53		0.14

		5-Sep		76.44		0.141

		6-Sep		76.34		0.142

		7-Sep		76.25		0.142

		8-Sep		76.15		0.143

		9-Sep		76.06		0.144

		10-Sep		75.96		0.145

		11-Sep		75.87		0.146

		12-Sep		75.77		0.147

		13-Sep		75.68		0.148

		14-Sep		75.59		0.149

		15-Sep		75.49		0.149

		16-Sep		75.4		0.15

		17-Sep		75.3		0.151

		18-Sep		75.21		0.152

		19-Sep		75.11		0.153

		20-Sep		75.02		0.154

		21-Sep		74.92		0.155

		22-Sep		74.76		0.156

		23-Sep		74.07		0.157

		24-Sep		73.38		0.153

		25-Sep		72.7		0.147

		26-Sep		72.01		0.141

		27-Sep		71.32		0.135

		28-Sep		70.63		0.128

		29-Sep		69.95		0.122

		30-Sep		69.26		0.116

		1-Oct		68.91		0.108

		2-Oct		68.56		0.104

		3-Oct		68.2		0.1

		4-Oct		67.85		0.096

		5-Oct		67.5		0.0919

		6-Oct		67.15		0.0877

		7-Oct		66.8		0.0836

		8-Oct		66.45		0.0795

		9-Oct		66.09		0.0754

		10-Oct		65.74		0.0713

		11-Oct		65.39		0.0671

		12-Oct		65.04		0.0658

		13-Oct		64.69		0.0677

		14-Oct		64.34		0.0696

		15-Oct		63.98		0.0714

		16-Oct		63.63		0.0733

		17-Oct		63.24		0.0752

		18-Oct		62.86		0.0771

		19-Oct		62.47		0.0789

		20-Oct		62.08		0.0808

		21-Oct		61.7		0.0827

		22-Oct		61.31		0.0845

		23-Oct		60.92		0.0864

		24-Oct		60.54		0.0883

		25-Oct		60.15		0.0901

		26-Oct		59.76		0.092

		27-Oct		59.38		0.0939

		28-Oct		58.99		0.0957

		29-Oct		58.6		0.0976

		30-Oct		58.22		0.0995

		31-Oct		57.83		0.101

		1-Nov		57.27		0.106

		2-Nov		56.71		0.107

		3-Nov		56.16		0.108

		4-Nov		55.6		0.109

		5-Nov		55.04		0.11

		6-Nov		54.48		0.111

		7-Nov		53.92		0.112

		8-Nov		53.36		0.113

		9-Nov		52.81		0.114

		10-Nov		52.25		0.114

		11-Nov		51.9		0.115

		12-Nov		51.74		0.116

		13-Nov		51.57		0.117

		14-Nov		51.41		0.118

		15-Nov		51.25		0.119

		16-Nov		51.09		0.12

		17-Nov		50.93		0.121

		18-Nov		50.77		0.123

		19-Nov		50.61		0.125

		20-Nov		50.45		0.126

		21-Nov		50.29		0.128

		22-Nov		50.13		0.13

		23-Nov		49.97		0.131

		24-Nov		49.8		0.133

		25-Nov		49.64		0.135

		26-Nov		49.48		0.137

		27-Nov		49.32		0.138

		28-Nov		49.16		0.14

		29-Nov		49		0.142

		30-Nov		48.84		0.143

		1-Dec		47.47		0.143

		2-Dec		46.11		0.147

		3-Dec		45.69		0.151

		4-Dec		45.68		0.155

		5-Dec		45.67		0.159

		6-Dec		45.67		0.16

		7-Dec		45.66		0.16

		8-Dec		45.65		0.16

		9-Dec		45.64		0.161

		10-Dec		45.63		0.161

		11-Dec		45.62		0.161

		12-Dec		45.61		0.161

		13-Dec		45.6		0.161

		14-Dec		45.6		0.162

		15-Dec		45.59		0.162

		16-Dec		45.58		0.162

		17-Dec		45.57		0.162

		18-Dec		45.56		0.162

		19-Dec		45.55		0.162

		20-Dec		45.54		0.163

		21-Dec		45.53		0.163

		22-Dec		45.53		0.163

		23-Dec		45.52		0.163

		24-Dec		45.51		0.163

		25-Dec		45.5		0.163

		26-Dec		45.49		0.164

		27-Dec		45.48		0.164

		28-Dec		45.47		0.164

		29-Dec		45.46		0.164

		30-Dec		45.45		0.164

		31-Dec		45.45		0.164
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Sheet1

		Table 6.2. Sample computation of erosvity EI30 or an individual storm

		Time (hours:minutes)		Duration of interval (minutes)		Cumulative rain depth (mm)		Rainfall in interval (mm)		Intensity (mm/h)		Unit energy (units)		Energy in interval (units)

		4:00				0.0

		4:20		20		1.3		1.3		3.8		0.137		0.17

		4:27		7		3.0		1.8		15.2		0.230		0.41

		4:36		9		8.9		5.8		38.9		0.281		1.64

		4:50		13		26.7		17.8		82.1		0.290		5.15

		4:57		3		30.5		3.8		76.2		0.290		1.10

		5:05		8		31.8		1.3		9.5		0.194		0.25

		5:15		10		31.8		0.0		0.0		0.081		0.00

		5:30		20		33.0		1.3		3.8		0.137		0.17

		Total		90				33						8.90
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		Month		Temperature		Rainfall

		1		45.2		5.24

		2		47.7		4.72

		3		53.8		6.61

		4		61.9		5

		5		69.4		4.53

		6		77.4		3.61

		7		79.5		5.39

		8		79		3.85

		9		74.8		4.33

		10		63.7		2.64

		11		52		3.64

		12		45.7		4.96
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Sheet3

		Day		Temperature		Precipitation

		1-Jan		45.42		0.165

		2-Jan		45.39		0.165

		3-Jan		45.37		0.166

		4-Jan		45.34		0.166

		5-Jan		45.32		0.167

		6-Jan		45.29		0.168

		7-Jan		45.26		0.168

		8-Jan		45.24		0.169

		9-Jan		45.21		0.169

		10-Jan		45.19		0.17

		11-Jan		45.16		0.17

		12-Jan		45.13		0.171

		13-Jan		45.11		0.171

		14-Jan		45.08		0.172

		15-Jan		45.06		0.172

		16-Jan		45.03		0.173

		17-Jan		45		0.173

		18-Jan		44.98		0.174

		19-Jan		44.95		0.174

		20-Jan		44.93		0.175

		21-Jan		44.9		0.174

		22-Jan		44.87		0.172

		23-Jan		44.85		0.171

		24-Jan		44.82		0.17

		25-Jan		44.8		0.168

		26-Jan		44.84		0.167

		27-Jan		45.16		0.166

		28-Jan		45.48		0.165

		29-Jan		45.8		0.163

		30-Jan		46.12		0.162

		31-Jan		46.44		0.161

		1-Feb		46.51		0.177

		2-Feb		46.57		0.176

		3-Feb		46.63		0.175

		4-Feb		46.7		0.174

		5-Feb		46.76		0.173

		6-Feb		46.82		0.171

		7-Feb		46.89		0.17

		8-Feb		46.95		0.169

		9-Feb		47.01		0.168

		10-Feb		47.08		0.167

		11-Feb		47.14		0.166

		12-Feb		47.2		0.165

		13-Feb		47.26		0.164

		14-Feb		47.33		0.163

		15-Feb		47.39		0.162

		16-Feb		47.45		0.161

		17-Feb		47.52		0.16

		18-Feb		47.58		0.159

		19-Feb		47.64		0.158

		20-Feb		47.76		0.157

		21-Feb		48.13		0.155

		22-Feb		48.5		0.154

		23-Feb		48.87		0.162

		24-Feb		49.25		0.17

		25-Feb		49.62		0.178

		26-Feb		49.99		0.186

		27-Feb		50.37		0.194

		28-Feb		50.74		0.202

		1-Mar		50.91		0.187

		2-Mar		51.08		0.191

		3-Mar		51.25		0.195

		4-Mar		51.43		0.199

		5-Mar		51.6		0.203

		6-Mar		51.77		0.207

		7-Mar		51.94		0.212

		8-Mar		52.11		0.216

		9-Mar		52.28		0.22

		10-Mar		52.46		0.224

		11-Mar		52.63		0.228

		12-Mar		52.8		0.232

		13-Mar		52.97		0.236

		14-Mar		53.14		0.24

		15-Mar		53.32		0.239

		16-Mar		53.49		0.236

		17-Mar		53.66		0.233

		18-Mar		53.87		0.229

		19-Mar		54.18		0.226

		20-Mar		54.48		0.223

		21-Mar		54.78		0.22

		22-Mar		55.09		0.216

		23-Mar		55.39		0.213

		24-Mar		55.7		0.21

		25-Mar		56		0.207

		26-Mar		56.31		0.204

		27-Mar		56.61		0.2

		28-Mar		56.92		0.197

		29-Mar		57.22		0.194

		30-Mar		57.53		0.191

		31-Mar		57.83		0.187

		1-Apr		58.11		0.19

		2-Apr		58.39		0.186

		3-Apr		58.67		0.182

		4-Apr		58.95		0.178

		5-Apr		59.23		0.174

		6-Apr		59.51		0.17

		7-Apr		59.79		0.167

		8-Apr		60.07		0.166

		9-Apr		60.35		0.166

		10-Apr		60.63		0.166

		11-Apr		60.91		0.165

		12-Apr		61.19		0.165

		13-Apr		61.47		0.165

		14-Apr		61.74		0.164

		15-Apr		62.01		0.164

		16-Apr		62.25		0.164

		17-Apr		62.49		0.163

		18-Apr		62.74		0.163

		19-Apr		62.98		0.163

		20-Apr		63.22		0.162

		21-Apr		63.47		0.162

		22-Apr		63.71		0.162

		23-Apr		63.95		0.161

		24-Apr		64.2		0.161

		25-Apr		64.44		0.16

		26-Apr		64.69		0.16

		27-Apr		64.93		0.16

		28-Apr		65.17		0.159

		29-Apr		65.42		0.159

		30-Apr		65.66		0.159

		1-May		65.9		0.153

		2-May		66.14		0.153

		3-May		66.37		0.153

		4-May		66.61		0.152

		5-May		66.85		0.152

		6-May		67.09		0.151

		7-May		67.33		0.151

		8-May		67.57		0.151

		9-May		67.8		0.15

		10-May		68.04		0.15

		11-May		68.28		0.15

		12-May		68.52		0.149

		13-May		68.76		0.149

		14-May		69		0.148

		15-May		69.23		0.148

		16-May		69.48		0.148

		17-May		69.74		0.147

		18-May		70		0.147

		19-May		70.26		0.147

		20-May		70.52		0.146

		21-May		70.78		0.145

		22-May		71.05		0.144

		23-May		71.31		0.142

		24-May		71.57		0.141

		25-May		71.83		0.14

		26-May		72.09		0.138

		27-May		72.35		0.137

		28-May		72.62		0.135

		29-May		72.88		0.134

		30-May		73.14		0.133

		31-May		73.4		0.131

		1-Jun		74.02		0.134

		2-Jun		74.63		0.132

		3-Jun		75.25		0.13

		4-Jun		75.86		0.128

		5-Jun		76.48		0.127

		6-Jun		77.1		0.125

		7-Jun		77.39		0.123

		8-Jun		77.43		0.121

		9-Jun		77.48		0.12

		10-Jun		77.52		0.118

		11-Jun		77.57		0.116

		12-Jun		77.62		0.114

		13-Jun		77.66		0.112

		14-Jun		77.71		0.111

		15-Jun		77.75		0.109

		16-Jun		77.8		0.107

		17-Jun		77.84		0.105

		18-Jun		77.89		0.103

		19-Jun		77.94		0.102

		20-Jun		77.98		0.101

		21-Jun		78.03		0.106

		22-Jun		78.07		0.111

		23-Jun		78.12		0.116

		24-Jun		78.17		0.121

		25-Jun		78.21		0.126

		26-Jun		78.26		0.13

		27-Jun		78.3		0.135

		28-Jun		78.35		0.14

		29-Jun		78.39		0.145

		30-Jun		78.44		0.15

		1-Jul		78.68		0.149

		2-Jul		78.93		0.153

		3-Jul		79.17		0.157

		4-Jul		79.42		0.161

		5-Jul		79.66		0.165

		6-Jul		79.9		0.168

		7-Jul		79.93		0.172

		8-Jul		79.9		0.176

		9-Jul		79.87		0.18

		10-Jul		79.84		0.184

		11-Jul		79.82		0.188

		12-Jul		79.79		0.191

		13-Jul		79.76		0.195

		14-Jul		79.73		0.199

		15-Jul		79.7		0.199

		16-Jul		79.67		0.196

		17-Jul		79.65		0.193

		18-Jul		79.62		0.189

		19-Jul		79.59		0.186

		20-Jul		79.56		0.183

		21-Jul		79.53		0.18

		22-Jul		79.5		0.177

		23-Jul		79.48		0.174

		24-Jul		79.45		0.171

		25-Jul		79.42		0.168

		26-Jul		79.39		0.165

		27-Jul		79.36		0.162

		28-Jul		79.33		0.158

		29-Jul		79.31		0.155

		30-Jul		79.28		0.152

		31-Jul		79.25		0.149

		1-Aug		79.24		0.144

		2-Aug		79.23		0.139

		3-Aug		79.22		0.134

		4-Aug		79.21		0.129

		5-Aug		79.2		0.124

		6-Aug		79.19		0.119

		7-Aug		79.18		0.114

		8-Aug		79.17		0.113

		9-Aug		79.16		0.114

		10-Aug		79.15		0.115

		11-Aug		79.14		0.115

		12-Aug		79.13		0.116

		13-Aug		79.12		0.117

		14-Aug		79.11		0.118

		15-Aug		79.1		0.119

		16-Aug		79.09		0.12

		17-Aug		79.08		0.12

		18-Aug		79.07		0.121

		19-Aug		79.06		0.122

		20-Aug		79.05		0.123

		21-Aug		79.04		0.124

		22-Aug		79.03		0.125

		23-Aug		79.02		0.125

		24-Aug		79.01		0.126

		25-Aug		79		0.127

		26-Aug		78.99		0.128

		27-Aug		78.98		0.129

		28-Aug		78.65		0.129

		29-Aug		78.07		0.13

		30-Aug		77.49		0.131

		31-Aug		76.91		0.132

		1-Sep		76.82		0.137

		2-Sep		76.72		0.138

		3-Sep		76.63		0.139

		4-Sep		76.53		0.14

		5-Sep		76.44		0.141

		6-Sep		76.34		0.142

		7-Sep		76.25		0.142

		8-Sep		76.15		0.143

		9-Sep		76.06		0.144

		10-Sep		75.96		0.145

		11-Sep		75.87		0.146

		12-Sep		75.77		0.147

		13-Sep		75.68		0.148

		14-Sep		75.59		0.149

		15-Sep		75.49		0.149

		16-Sep		75.4		0.15

		17-Sep		75.3		0.151

		18-Sep		75.21		0.152

		19-Sep		75.11		0.153

		20-Sep		75.02		0.154

		21-Sep		74.92		0.155

		22-Sep		74.76		0.156

		23-Sep		74.07		0.157

		24-Sep		73.38		0.153

		25-Sep		72.7		0.147

		26-Sep		72.01		0.141

		27-Sep		71.32		0.135

		28-Sep		70.63		0.128

		29-Sep		69.95		0.122

		30-Sep		69.26		0.116

		1-Oct		68.91		0.108

		2-Oct		68.56		0.104

		3-Oct		68.2		0.1

		4-Oct		67.85		0.096

		5-Oct		67.5		0.0919

		6-Oct		67.15		0.0877

		7-Oct		66.8		0.0836

		8-Oct		66.45		0.0795

		9-Oct		66.09		0.0754

		10-Oct		65.74		0.0713

		11-Oct		65.39		0.0671

		12-Oct		65.04		0.0658

		13-Oct		64.69		0.0677

		14-Oct		64.34		0.0696

		15-Oct		63.98		0.0714

		16-Oct		63.63		0.0733

		17-Oct		63.24		0.0752

		18-Oct		62.86		0.0771

		19-Oct		62.47		0.0789

		20-Oct		62.08		0.0808

		21-Oct		61.7		0.0827

		22-Oct		61.31		0.0845

		23-Oct		60.92		0.0864

		24-Oct		60.54		0.0883

		25-Oct		60.15		0.0901

		26-Oct		59.76		0.092

		27-Oct		59.38		0.0939

		28-Oct		58.99		0.0957

		29-Oct		58.6		0.0976

		30-Oct		58.22		0.0995

		31-Oct		57.83		0.101

		1-Nov		57.27		0.106

		2-Nov		56.71		0.107

		3-Nov		56.16		0.108

		4-Nov		55.6		0.109

		5-Nov		55.04		0.11

		6-Nov		54.48		0.111

		7-Nov		53.92		0.112

		8-Nov		53.36		0.113

		9-Nov		52.81		0.114

		10-Nov		52.25		0.114

		11-Nov		51.9		0.115

		12-Nov		51.74		0.116

		13-Nov		51.57		0.117

		14-Nov		51.41		0.118

		15-Nov		51.25		0.119

		16-Nov		51.09		0.12

		17-Nov		50.93		0.121

		18-Nov		50.77		0.123

		19-Nov		50.61		0.125

		20-Nov		50.45		0.126

		21-Nov		50.29		0.128

		22-Nov		50.13		0.13

		23-Nov		49.97		0.131

		24-Nov		49.8		0.133

		25-Nov		49.64		0.135

		26-Nov		49.48		0.137

		27-Nov		49.32		0.138

		28-Nov		49.16		0.14

		29-Nov		49		0.142

		30-Nov		48.84		0.143

		1-Dec		47.47		0.143

		2-Dec		46.11		0.147

		3-Dec		45.69		0.151

		4-Dec		45.68		0.155

		5-Dec		45.67		0.159

		6-Dec		45.67		0.16

		7-Dec		45.66		0.16

		8-Dec		45.65		0.16

		9-Dec		45.64		0.161

		10-Dec		45.63		0.161

		11-Dec		45.62		0.161

		12-Dec		45.61		0.161

		13-Dec		45.6		0.161

		14-Dec		45.6		0.162

		15-Dec		45.59		0.162

		16-Dec		45.58		0.162

		17-Dec		45.57		0.162

		18-Dec		45.56		0.162

		19-Dec		45.55		0.162

		20-Dec		45.54		0.163

		21-Dec		45.53		0.163

		22-Dec		45.53		0.163

		23-Dec		45.52		0.163

		24-Dec		45.51		0.163

		25-Dec		45.5		0.163

		26-Dec		45.49		0.164

		27-Dec		45.48		0.164

		28-Dec		45.47		0.164

		29-Dec		45.46		0.164

		30-Dec		45.45		0.164

		31-Dec		45.45		0.164
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		Table 6.2. Sample computation of erosvity EI30 or an individual storm

		Time (hours:minutes)		Duration of interval (minutes)		Cumulative rain depth (mm)		Rainfall in interval (mm)		Intensity (mm/h)		Unit energy (units)		Energy in interval (units)

		4:00				0.0

		4:20		20		1.3		1.3		3.8		0.137		0.17

		4:27		7		3.0		1.8		15.2		0.230		0.41

		4:36		9		8.9		5.8		38.9		0.281		1.64

		4:50		13		26.7		17.8		82.1		0.290		5.15

		4:57		3		30.5		3.8		76.2		0.290		1.10

		5:05		8		31.8		1.3		9.5		0.194		0.25

		5:15		10		31.8		0.0		0.0		0.081		0.00

		5:30		20		33.0		1.3		3.8		0.137		0.17

		Total		90				33						8.90
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