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ABSTRACT

The purpose of this project is to develop a means of 
interfacing the linear Revised Universal Soil Loss Equation 
(RVUSLE) with the Geographic Information System (GIS) in the 
Bureau of Land Management for reconnaissance-scale soil loss 
potential prediction for rangelands. Analysis of watershed 
soil loss potential is necessary for determining watershed 
condition and evaluating the feasibility of soil management 
practices. It is critical for identification of areas at risk 
in resource management planning. The Universal Soil Loss 
Equation is a site-specific soil-loss model and, therefore, 
it is not easily applied to large planning areas. An automated 
procedure which relies on easily obtainable information 
permits not only speedy processing of large amounts of data, 
but also user flexibility in terms of manipulation of data and 
evaluation of management alternatives.

The basis of the RVUSLE/GIS procedure is the overlaying 
and multiplication of cell or raster maps that hold spatially
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distributed values for various factors of the RVUSLE. The 
factors include the rainfall factor (R); the soil erodibility 
factor (K ); the terrain factor, which combines slope and slope 
length (L * S ) ; and the cover and management and support 
practice factors (C * P). With the exception of terrain, the 
factors are determined per soils unit, or per vegetation cover 
unit using RVUSLE routines. The terrain (LS ) factor is 
determined from a digital elevation model (DEM) for the area 
under study. A raster soils unit map is RENUMBERed with K 
values per soils unit, i.e., RENUMBER command in the GIS is 
used to assign K-factor values to soil units. A cell 
vegetation cover map is RENUMBERed with combined C and P 
values per unit. The third data layer used is the LS factor 
map which will contain LS values per cell.

Much work has gone into finding an accurate method for 
obtaining slope length values from a DEM. Ideally, such an 
algorithm would provide slope length values per cell of a DEM, 
fit the conceptual definition of slope length and take a 
relatively small amount of CPU time. The method that is used 
was developed by Spanner(19 83) The Spanner method involves 
upslope search from each cell to a ridge, and assigns the 
overland distance from the ridge to each cell as the slope 
length value for this cell.
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The main output product is a continuous soil-loss 

potential map, which can be analyzed further using GIS 
modeling capabilities. A variety of GIS commands can be 
applied depending on user needs, and in that way, the product 
could become a valuable aspect of cartographic modeling in the 
resource management planning process. Additionally, values 
for the factors could be manipulated to provide feedback for 
development of management alternatives and to improve the 
accuracy of the model.
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I. Introduction

A. The goal of the project.

The purpose of the project was to develop a method for 
combining the Revised Universal Soil Loss Equation (RVUSLE) 
and the capabilities of Bureau of Land Management's (BLM's) 
Geographic Information System (GIS) to produce an easily 
applicable automated tool for calculating soil erosion 
potential for large areas. The tool is to be used in various 
resource management planning activities at the BLM that 
require knowledge of potential soil erosion on rangeland. 
Until now the RVUSLE was applied manually to small areas. 
Automating the RVUSLE by interfacing it with GIS permits its 
application to reconnaissance-scale soil loss prediction. It 
is also the first step in what will continue to be a 
constantly refined procedure as other methods of calculating
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soil loss potential are interfaced with the GIS and enhance 
the present capability. It is also designed to become part of 
a Soil Resource Toolbox for BLM's resource management 
activities.

B. Physical processes of sheet and rill erosion.

There are several types of water erosion : raindrop,
sheet, rill, gully, and channel erosion. The USLE is an 
equation which attempts to quantify sheet and rill erosion 
caused by the kinetic energy of falling raindrops. Sheet and 
rill erosion affect larger areas and cause more soil loss than 
gully and channel erosion which result from the velocity 
energy of surface water.

As raindrops hit the soil surface they shatter soil 
granules into smaller particles, also compacting the soil 
underneath the area of impact, and reducing its infiltration 
capacity. The particles are splashed, occasionally reaching 
the height of 2 or 3 feet, covering a radius of sometimes as 
much as 5 feet. On sloping surfaces, more than half of the 
splashed soil is moved downs lope as it falls back to the 
surface.
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The absorption of the muddy water formed from churned 

particles and the compacting action of the raindrops both 
combine to form a layer of soil that has a much lower 
infiltration rate than it had before the beginning of the 
storm. When the rate of rainfall exceeds the rate of 
infiltration, the depressions on the surface fill and overflow 
to cause sheet erosion. During the rain, the runoff is 
splashed and resplashed many times by the falling raindrops. 
This process, which breaks up the particles into smaller and 
smaller sizes, helps to keep them in suspension. In this way 
a thin sheet of water can carry a much heavier load then if 
the splashing action was not present.

Rill erosion develops in the following manner. Runoff 
takes the path of least resistance, concentrating in 
depressions and gaining velocity. It picks up further 
particles of soil by abrasion. The amount transported depends 
on the energy of the flowing water and the amount of suspended 
material. In this manner it creates small channels, so that 
the surface of the ground exhibits, on a miniature scale, the 
drainage pattern of a watershed. Since these channels are too 
small to interfere with normal tillage operations, and usually 
are obliterated by tillage, they are called rills.

The amount of material transported by sheet and rill 
erosion depends upon the capacity of the runoff and
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transportability of the soil, which in turn is influenced the 
size, density, and shape of the individual soil particles, by 
terrain characteristics such as steepness of the slope and the 
distance water runs without meeting obstructions, and by the 
retarding effects of vegetation and obstructions (Beasley, 
Gregory and McCarty, 1984).

C. The USLE and the RVUSLE.

The primary process of the RVUSLE/GIS procedure is the 
overlaying of cell maps that hold spatially distributed values 
for various factors required by the Universal Soil Loss 
Equation (USLE). The USLE is an empirically derived soil loss 
equation which follows a history of various attempts to 
calculate erosion, mainly for farmlands. The early soil loss 
estimation procedures developed in the Corn Belt between 194 0 
and 1956 have been generally referred to as the slope-practice 
methods. The earliest versions related soil loss rate to 
length and percentage of slope, with further improvements 
including crop and conservation factors and a concept of 
specific soil loss limit to develop a graphical method for 
determining soil conservation practices. In 1946, rainfall 
factor was included to produce what was known as the Muscovite 
Equation, used widely for estimating gross erosion from 
watersheds in flood abatement programs (Wischmeier and Smith,
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197 8 ) . The Universal Soil Loss Equation is an attempt to 
create a more general way of calculating soil erosion for a 
local area, and it was so named to distinguish it from 
regionally based methods. It was originally developed at the 
National Runoff and Soil Data Center in cooperation with 
Purdue University. Research projects in 49 locations provided 
more than 10,000 plot-years of basic runoff and soil loss data 
for statistical analyses. This work provided several 
improvements in:

(a) a rainfall erosion index evaluated from local 
rainfall characteristics ; (b ) a quantitative soil
erodibility factor that is evaluated directly from 
soil property data and is independent of topography 
and rainfall differences ; (c) a method of evaluating 
cropping and managements effects in relation to 
local climatic conditions ; and (d) a method of 
accounting for effects of interactions between crop 
system, productivity level, tillage practices, and 
residue management (Wischmeier and Smith, 1978).

The USLE consists of factors that reflect rainfall and 
various terrain conditions related to soil loss, and include 
the rainfall factor (R ); the soil erodibility factor (K); the 
terrain factor, which combines slope gradient and slope length 
(L*S); and the combined cover and management and support 
practice factors (C*P). The RVUSLE/GIS procedure developed for 
the BLM reflects the basic USLE structure :
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A = R * K * L * S * C * P

where
A is the computed soil loss per unit area, usually 
in tons per acre per year;
R is the rainfall and runoff factor and is the 
number of rainfall erosion index units ;
K is the soil erodibility factor, is the soil loss 
rate per erosion index unit for a specified soil as 
measured on a unit plot, which is defined as a 7 2.6- 
ft length of uniform 9-percent slope continuously 
in clean tilled fallow;
L is the slope-length factor, is the ratio of soil 
loss from the field slope length to that from a 
72.6-ft length under identical conditions;
S is the slope-steepness factor, is the ratio of 
soil loss from the field slope gradient to that from 
a 9-percent slope under otherwise identical 
conditions ;
C is the cover and management factor, is the ratio 
of soil loss from an area with specified cover and 
management to that from an identical area in tilled 
continuous fallow;
P is the support practice factor, is the ratio of 
soil loss with a support practice like contouring, 
stripcropping, or terracing to that with straight- 
row farming up and down the slope (Wischmeier and 
Smith, 1978).

The USLE was initially developed mainly for cropland 
erosion, computing with appropriate selection of values for 
the above factors the average soil loss for a multicrop system 
for a particular crop year or cropstage period in a crop year. 
Because the values for these erosion variables vary about 
their mean during particular storm event, the equation is 
meant more for prediction of longtime averages rather than
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effects of specific events (Wischmeier and Smith, 1978).

Over time, the USLE was applied to other areas besides 
North American croplands, including the tropics (Rasmussen, 
Todd and Tracy, 1981), in conjunction with aerial photography 
on rangeland and woodland (Morgan and Nalepa, 1982), was
suggested for recreation areas (Kuss and Morgan, 1980), and 
applied to reclamation areas, although without much success 
(Vipulanadan, Krizek and Wilkey, 1982).

The Revised Universal Soil Loss Equation developed by 
scientists at the Department of Interior Bureau of Land 
Management and the Department of Agriculture Agricultural 
Research Service improves the applicability of the USLE to 
rangelands. An IBM-compatible (MSDOS) draft version of the 
RVUSLE is being used in this project. The basic concepts and 
framework and concepts of the USLE are preserved.

However, additional emphasis is placed on factors 
which strongly influence soil-loss on rangelands 
such as rock cover, depression storage, vegetation 
type, production, and the dominating influence of 
a very few, high intensity-short duration 
precipitation events on long term average soil loss. 
Many of the additional considerations are 
incorporated in the cover (C) factor. In its 
modified form, the cover factor is made up from four 
subfactors. Modified procedures for quantifying the 
length-slope (LS), rainfall (R ) , and support 
practice (P) factors are provided. The soil 
erodibility factor (K) was not modified so that 
existing published 'K' values could be utilized 
(Baker, 1987 ) .
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The RVUSLE has several limitations : (a) it only estimates 
sheet and rill erosion, and not gully or stream channel 
erosion or soil deposition; (b ) the R factor does not account 
for the erosiveness of freeze-thaw conditions, wind or 
snowmelt, but only for rainfall; (c ) it was validated using 
simulated rainfall data from rangeland plots in three distinct 
physiographic regions, but because of general lack of soil 
loss data from western United States it was impossible to 
perform comprehensive validation (Baker, 1987).

The goal of the RVUSLE/GIS project was to create a 
procedure that would use the GIS capabilities to process large 
areas using the RVUSLE. In some cases, manual input of 
parameters has been automated completely, as in the case of 
the terrain (LS) factor. While the procedure has to be 
evaluated in terms of the possible error it can introduce into 
the RVUSLE, it is not within the scope of this project to 
test the RVUSLE itself. Interfacing with the GIS provides a 
relatively fast way of testing the RVUSLE for large areas, but 
it does not change methods of calculation developed within the 
RVUSLE. It simply makes it a more powerful tool.
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D. Limitations of the USLE.

The RVUSLE incorporates changes in the USLE which makes 
it more applicable to calculation of soil loss potential on 
rangeland. However, it has to be understood that the USLE 
methodology was designed so as to "be easy to solve and 
include only factors whose values at a particular site can be 
determined from available data... Some potential details and 
refinements were sacrificed in the interests of utility" 
(Wischmeier, 1976). Furthermore:

Soil losses computed by the equation must be 
recognized as the best available estimates rather 
than as absolute data. All empirically derived 
equations involve experimental error and potential 
estimation due to the effects of unmeasured 
variables (Wischmeier, 1976).

The prediction accuracy of the equation when checked 
against 2300 plot-years of soil loss data from 189 field plots 
at widely scattered locations, and the average prediction 
error was found to be 1.4 tons (Wischmeier, 1973). This is 
from a project accomplished by an expert in the field of soil 
loss prediction with USLE where the inaccuracy coming from 
subjective judgement is minimized. Errors greater than that 
can probably be expected from studies done on large areas, 
where accuracy of base maps used and the degree of subjective
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bias involved in determination of factor values might be much 
greater.

Within the context of these limitations, the values 
obtained by the RVUSLE as well have to be treated more as 
relative values than absolute ones. These values represent 
the relative influence of the terrain, vegetation cover, soil 
erodibility, management practices and rainfall. If the values 
for the factors are determined in a consistent way, the soil 
loss potential estimates calculated by the RVUSLE will 
accurately reflect their combined effect in a particular area, 
which then can be compared to their combined effects in other 
areas.

Personal knowledge of the area under study, consistency 
of approach, and awareness of possible errors that might be 
inherent in base maps, or in subjective judgement (Wischmeier, 
19 7 6; Brown, 1988) are all important considerations in the
RVUSLE/GIS calculations when applied to actual watershed 
management areas. However, even under the best circumstances, 
USLE is a tool to be used only for gross estimates of soil 
loss prediction.
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E . The Geographic Information System (GISÏ 
at the Bureau of Land Management:

The Geographic Information System (GIS) at the Bureau of 
Land Management is to be a part of the Automated Land and 
Mineral Record System, an integrated effort by the BLM to 
automate its complex manual land and mineral record 
operations. A Geographic Information System can be defined as 
a "powerful set of tools for collecting, storing, retrieving 
at will, transforming, and displaying spatial data from the 
real world for a particular set of purposes" (Burrough, 1986). 
A GIS works with geographic data which

describe objects from the real world in terms of (a) 
their position with respect to a known coordinate 
system, (b) their attributes that are unrelated to 
position (such as colour, cost, pH, incidence of 
disease, etc.) and (c) their spatial interrelations 
with each other (topological relations), which 
describe how they are linked together or how one 
can travel between them (Burrough, 1986).

Furthermore, a GIS, because the data in it "can be 
accessed, transformed, and manipulated interactively... can 
serve as a test bed for studying environmental processes or 
for analyzing results of trends, or of anticipating the 
possible results of planning decisions" (Burrough, 1986), in 
other words, it is a very powerful modeling tool. A complete
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GIS includes computer hardware, and computer software modules 
which "are sub-systems for : (a) data input and verification ;
(b) data storage and database management; (c) data output and 
presentation ; (e) interaction with the user" (Burrough, 1986 ) •

The major software packages of the BLM's GIS is the Map 
Overlay and Statistical System (MOSS) that operates mainly on 
vector type data, and the Map Analysis and Processing System 
(MAPS) that operates on cell or raster data. The nature of 
these data types will be described in the following 
paragraphs. MAPS is accessed from within MOSS, while MOSS is 
accessed from PRIMOS, the operating system used on BLM's Prime 
computers.

The entry of data into the GIS is done mainly through the 
Automated Digitizing System (ADS). ADS has two major 
sections, CAPTURE and EDIT. The CAPTURE program allows an 
operator to digitize data from a map and capture and store 
digitized data. Before data are digitized, the projection of 
the mapz its scale and location on the digitizing tablet, and 
the menu to be used must be established. Four types of data 
can be captured : points, lines, attributes, and shading.
After capturing the data, the user will use the EDIT portion 
of the ADS to view the data, make changes f assign attributes, 
and or create polygons. The data then can be transferred to 
MOSS using ADS FUNCTION 8 which converts data digitized in ADS
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to a MOSS acceptable format. The majority of data analysis 
work is performed in MOSS/MAPS (Doogan, Poorman, and Tetley, 
1988 ) .

All information stored for processing by MOSS/MAPS is 
organized on the basis of individual maps, or data layers, 
each of which indicates a spatial variation of a geographic 
theme such as soil type, vegetation type, elevation, wildlife 
habitat etc. Collectively, maps are organized into projects. 
Generally, a project consists of many maps which relate to a 
specific geographic region or study area. There are two types 
of projects : master and work. Master projects contain all 
original source maps for a study area that have been imported 
into the system. These maps cannot be amended, deleted, or 
renamed, but can only be accessed and read. Work projects 
contain all maps made by the user through use of system 
commands, and they can be amended, deleted or renamed. The 
master project used for testing the RVUSLE/GIS procedure is 
named WOLSAG and it contains maps for Wolfridge and Sagehill 
7.5 minute quadrangles in the vicinity of Grand Junction, 
Colorado.

Each map in a project includes several associated pieces 
of information: a name, a status indicator, a header, what 
type of data, subjects and items. In the following 
description I will concentrate on type of data. The major
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types of data are vector data and cell data. Vector data are 
data recorded in form of single pair of x and y coordinates 
for a map consisting of points (type 1 map), data recorded as 
two pairs of x and y coordinates, representing lines (type 2 
map), and data recorded in form of multiple pairs of x and y 
coordinates, the last one of which is the same as the first 
one, representing polygons (type 3 map). Cell data are 
recorded by overlaying a grid that divides the area of the map 
into cells. Each cell holds a particular numerical value 
which can also be assigned to a particular subject on the map. 
There are four types of cell maps: type 6 map which depicts 
presence and absence of some subject and which cells can have 
only two values : for the background and the subject; type 7
discrete map which contains a finite number of discrete 
subjects that can be assigned to the cells; type 8 continuous 
map which has an infinite number of possible subjects (an 
example of it is an elevation map which holds elevation values 
in each cell, and therefore each cell is a subject ) , and a 
type 9 multi-value map which is a cell map that holds 
different attributes or values in each cell (Moss User's 
Manual, 1988).

The RVUSLE/GIS procedure utilizes analytic capabilities 
of commands that work with cell maps. Although overlay 
capabilities exist for vector maps, cell by cell processing 
is much easier than processing of coordinates, and permits
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many more operations than vector processing. Because a cell 
represents a certain area on the map, the value assigned to 
it is automatically assigned to that area. What this means 
is that vector, or coordinate data structure is a much more 
precise way of representing information as far as their true 
geographic location is concerned. For examples, lines used 
to represent streams in vector format do not have width. When 
the stream map is changed to a raster (cell) format, these 
lines can become one, two, or more cells wide, acquiring a 
dimension of width which they do not posses originally. 
However, general location is represented relatively accurately 
in the cell format. The expanded analytic capabilities of 
cell data structures were especially important in the type of 
processing used by the RVUSLE/GIS procedure. To understand 
better why cell processing offers greater analytic 
capabilities, one has to imagine the complexity of overlaying 
a polygonal vegetation map with a polygonal soils map, both 
containing several hundred polygons. The line intersection 
process would produce a map with an extremely large number of 
offsprings polygons. The computational demands for splitting 
and fusing the thousands of line segments are tremendous. 
Furthermore :

in the case of line structure, each derived polygon 
is assumed to be inviolately accurate--a precise 
intersection of real boundaries surrounding a 
uniform geographic distribution of data. This may 
be true for overlaying a property map with a zip 
code map, but a limiting assumption for 
probabilistic resource data such as soils and land
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cover, as well as gradient data, such as topographic 
slope. For example, consider a geographic search 
for areas of silty-loam soil, moderate slope, and 
ponderosa pine forest cover. A line based system 
generates an image of the intersections of the 
specified polygons. Each of the resultant polygons 
is assumed to contain equally likely combinations 
of the three variables throughout its interior. In 
addition, the likelihood of actual occurrence is 
assumed the same for all of the derived polygons-- 
even small slivers formed by intersecting the edges 
of input polygons.
A grid-oriented system calculates the coincidence 
of variables at each cell location as if each cell 
were an individual polygon. Since these 'polygons' 
are organized as a uniform grid, the calculations 
simply involve storage and retrieval, and geometric 
calculations for intersecting lines (Berry, 1988).

The benefits of using raster data can be summarized as 
follows :

1. Grid square matrices can be generated within 
computer mapping packages by relatively trivial 
supplementary programmes.
2. Grid meshes are hierarchical and, unlike 
irregular polygons, can easily be aggregated.
3. Grid meshes are superimposed on commercial maps 
and therefore provide readily available grid 
framework.
4. Considerable advantages accrue in computerized 
data storage and retrieval if data relates to a grid 
structure.
5. Overlay comparisons and statistical testing are 
easily undertaken.
6 . Vector data on a grid format is easily linked 
with raster based satellite pixel data in more 
advanced information systems (Millington, 1986).

MOSS/MAPS software permits rasterization, or changing of 
vector data to cell data.
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For sake of clarity I need to explain briefly meaning of 

two other terms : subject and item. Based on its
characteristics, each feature or cell in a map is assigned an 
identifier called a subject. For example, a map of vegetation 
types might consist of three subjects : forest, shrubs, and
meadows. Subjects are associated with specific geographic 
locations, similar to the items in a conventional map legend. 
A map item or feature is the smallest unit comprising the map. 
For a point map this is a single (x,y) coordinate, for a line 
map this is a discrete line segment, for a polygon map this 
is a closed array of line segments, and for a cell map this 
is an individual cell. Each item in a vector map is assigned 
a unique identifying number. Each item in a cell map is 
represented by a pair of integer coordinates which uniquely 
identify a row-column position on the cell grid (Moss User's 
Manual, 1988 ) .

F. Previous work on combining the USLE and GIS.

A number of successful attempts have been made in the 
past to apply Geographic Information Systems to calculation 
of soil loss potential, most of them using the USLE. To the 
best of my knowledge, the methodologies developed never became 
a part of a repetitively used technology for watershed and 
rangeland management applications. However, they provide a
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well documented background of successful applications which 
permits the next step of developing an easy-to-use and 
flexible methodology for reconnaissance scale soil loss 
potential mapping for repeated use in resource management 
planning.

One of the earliest methodologies was developed as part 
of a thesis project by Spanner(1983), and used raster based 
processing to successfully predict soil loss for Santa Paula 
7.5 minute quadrangle in Ventura County, California. Spanner 
developed the slope length algorithm that was later used in 
other studies, and is used in the RVUSLE/GIS project as well 
(Spanner, 1982). However, since Spanner defines slope length 
in a different way than Wischmeier (1978) an attempt is made 
in this thesis to correlate these two different approaches. 
Morris-Jones(19 85) utilized Spanner's algorithm with some 
minor modifications, and used GIS in combination with remote 
sensing to calculate soil loss potential for Pheasant Branch 
Watershed. Baxter-Potter(1985) predicted soil loss using 
raster processing and a somewhat different version of the 
slope length algorithm which calculated slope length per cell 
of a Digital Elevation Model (DEM) rather than finding the 
steepest path to the nearest local elevation high, as does 
Spanner's algorithm. Baxter-Potter's main objectives were to 
correlate non-point source pollution with soil loss potential 
using the USLE for an area in lower Elkhorn River Basin in
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western Douglas County, Nebraska. The Center for Remote 
Sensing and Cartography at the University of Utah Research 
Institute used remote sensing information and digital terrain 
maps from the Defense Mapping Agency to produce soil erosion 
and other maps for the North Cache Soil Conservation District 
in northern Utah (Wheeler and Ridd, 1985). They also used
Spanner's slope length algorithm to derive their slope length 
maps from DEM information. Photo-interprétâtion and a 
computerized land information system was used successfully in 
a study of Quil Miller Creek watershed in Johnson County, 
Texas (Morgan and Nalepa, 1982).

A few other GIS soil loss studies did not directly use 
USLE but should be mentioned because they demonstrate a 
somewhat different approach to soil loss calculations. The 
Remote Sensing Institute in Brooking, South Dakota used vector 
and raster data to produce a composite map of land-use, soil 
capability classes, and slope to find areas susceptible to 
soil erosion for Stanley County, South Dakota (Best and 
Westin, 1984). Another study undertook calculation of soil 
erosion in humid tropics using modeling strategies that 
combined climate, soil, topography, sediment transport, 
vegetation and environmental management using GIS (Millington, 
1986 ) .
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Finally, in response to concern over increasing 

deterioration of military lands, the Construction Engineering 
Research Laboratory developed a soil loss prediction method 
using the USLE and the Army Corps of Engineers' raster based 
Geographical Resources Analysis Support System (GRASS). Their 
methodology, however, does not use automated means for 
obtaining the terrain factor, but determines the slope and 
slope length values in the field in a stratified random 
fashion according to the soil series (Grassclippings, 1988).

The success in application of GIS technology in 
determining soil loss potential has therefore been 
demonstrated in these studies, creating a basis for the work 
performed in the RVUSLE/GIS project.
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II. Methodology.

A. The overall concept.

1. The RVUSLE factors and spatial data themes.

As described previously, the RVUSLE factors are connected 
with particular natural conditions in a given area. These 
conditions are the amount and characteristics of rainfall in 
the area (the R factor), the type of soil and its erodibility 
(the K factor), the terrain which includes the slope gradient 
(S factor) and length of slope (L factor) over which water 
carries the eroded soil, the cover factor which depends on how 
the area is vegetated, and the support practice factor which 
is related to the erosion control practice in the area, 
particularly on croplands.

The factors can therefore be correlated with data themes 
in the GIS which map out these conditions. The soil 
erodibility values can be tied to a soil units map, the cover
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and support practice factors can be tied to vegetation map, 
while the terrain factors can be derived from Digital 
Elevation Models (OEMs) through application of various 
algorithms. Unless the data base available includes these 
types of data themes or layers, the procedure for calculating 
potential soil loss from a large area cannot be utilized. If 
the maps do not already exist, they have to be digitized or 
bought in digital form, as is the case with DEMs, and then 
brought into the GIS for processing. The DEMs in particular 
can be obtained from the U.S. Geological Survey (USGS) DEMs 
will be discussed in greater detail in the section on the 
terrain factor.

Other sources of spatially distributed information that 
will be used in the future for BLM application are the 
Ecological Site or Range Site maps and descriptions, soil 
schematic maps developed by the Soil Landscape Analysis 
Project (SLAP), and maps developed from remotely sensed data. 
For the purposes of testing the RVUSLE/GIS methodology, v.e 
used a complete data base available for Wolfridge 7.5 minute 
quadrangle which already contained a soil unit map, a 
vegetation unit map, and a digital elevation model.
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2. Combining the spatially distributed factors.
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The essential concept behind the procedure is to place 
the calculated values for the different factors in the RVUSLE
for each cell of a raster map of related data themes. This
requires rasterizing of polygonal soil and vegetation unit 
maps. Rasterization is a process by which maps in vector 
format can be transformed into cell format, with a specified 
cell size. In this case the cell size has to be the same as 
the cell size in the DEM if the maps are to be processed
together at a later point. All the data themes need to have
the same number of rows and columns. It is also required that 
all maps used have the same projection. If, for example, the 
soil map has a different projection than the vegetation map 
or the DEM, it could be reprojected at vector level using the 
MOSS PROJECTION command, or at the cell level using the MAPS 
PROJECTION command.

Once the maps fit together so that they can be overlaid 
using MAPS overlay commands, they can be assigned values using 
the RENUMBER command. The LS factor map is derived by 
overlaying slope gradient and slope length map derived by 
application of the SLOPE command and the SLOPE command LENGTH 
option. Another command that is used in the RVUSLE/GIS 
procedure is the MATH command, which permits performing
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mathematical operation on a value assigned to a cell. Once 
maps holding values per cell for each of the factors are 
prepared, they are multiplied together using the MATH command 
to produce a map of soil loss potential values per cell. The 
resultant map can be then used in various ways for further 
erosion modeling, as will be described later, or can be 
recalculated again with some of the factors changed to 
simulate different conditions.

Following is a more detailed description of the MAPS 
commands just mentioned. In the following sections names of 
these commands might be used as verbs to denote certain type 
of processing, for example to RASTERIZE.

RASTERIZE -- A data manipulation command which transforms a 
point, line or polygon vector map creating a new dichotomous, 
discrete, or continuous cell map. The values for either the 
acres per cell and the ratio of cell height to width, or the 
values for the cell height and width, must be specified to 
establish cell size. Prior to using the command, the viewing 
window must be set. The total number of cell rows and cell 
columns are established based on the dimensions of the viewing 
window and the cell size. For point and line vector maps, a 
cell is assigned the class of the first point or line that is 
inside that cell. For polygon maps, the cell is assigned the 
class of that polygon which covers more than half of the cell
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in the x-direction at a point halfway in the cell y-direction.

PROJECTION -- A data manipulation command that creates a new, 
dichotomous, discrete, or continuous cell map from an existing 
dichotomous, discrete, or continuous cell map. The purpose 
of this command is to change the projection, or projection 
parameters of an existing map.

RENUMBER -- A data reclassification command which creates a 
new map by assigning new values to the cell values of an 
existing discrete or continuous map. Values to which no new 
values are assigned retain their existing value in the new 
map. If the existing map is a discrete map with attribute
description labels, the command will assign those same 
attribute descriptions to the new map.

MATH -- An overlay analysis command which creates a new 
continuous map by performing mathematical operations or 
functions on existing discrete or continuous cell maps. The 
mathematical expressions may contain map names, numerical 
values, mathematical operations, mathematical functions, and 
parentheses .

SLOPE -- A neighborhood analysis command which creates a new 
continuous map of percent slope from an existing continuous 
map, usually a topographic elevation map. The surface slope
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for each cell on the new map is found by first computing the 
slope values (the difference in the elevation of two points, 
divided by the distance in meters between them) from the 
current point to each of its neighboring points within a 
roving matrix window of a specified size. The resulting slope 
is an integer value determined by selecting the _ minimum, 
maximum, average, or vector sum of this matrix of slope values 
and is expressed as a percentage (units of rise per 100 units 
of run).

SLOPE (LENGTH) -- An option within the SLOPE command which
permits calculation of slope lengths to each individual cell 
of a continuous cell map, usually a topographic elevation map. 
It operates by searching from each cell to find the steepest 
path to a local elevation high, and then assigns the length 
of that path to that cell. More detailed description of it 
is found in the later sections.

Following is a more detailed description of the MOSS 
PROJECTION command for vector data.

PROJECTION -- A data manipulation command which allows the 
user to change the map projection of an active vector data 
set. The result of the command is a new map stored in the 
work file (Moss User's Manual, 1988).



T-3563 27

B. The rainfall (R) factor.

The R value to be used for potential soil loss
calculation is derived by providing two sets of information 
when prompted by the draft RVUSLE program (Simanton, 1987 )
based on work done by the USDA Agricultural Research Service 
(Renard, Meyer and Foster, unpublished). The first set is the 
geographic location of the quadrangle being processed in 
latitude (LA) and longitude (LO) within the limits of LA = 25% - 
50^ North, and LO = 65% - 125*3 West. In this case the

latitude and longitude of the center of the Wolfridge 
Quadrangle was used. The second set of information is obtained 
from the isopluvial map of the 2yr-6hr precipitation in inches
(P2) in the National Oceanic and Atmospheric Administration
National Weather Service Atlas (NOAA, 19 7 3). The RVUSLE 
program then calculates the R value for the particular area. 
The calculations are performed using following equations:

If the area is west of longitude 104*5 use the 2yr-
6hr precipitation

R = P2 1’62 * 27.23

If the area is east of longitude 104*5, then
R = 2610.3 + (-9.8 * LA) + (-20.98 * LO)
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If the area is east of longitude 95*5, then 

R = 971.2 + (-25.12 * LA) + (2.7 * LO)

28

For the purposes of testing the RVUSLE/GIS procedure the 
latitude of 39.93 degrees and longitude of 108.45 degrees, 
which approximates the coordinates of the center of the 
Wolfridge Quadrangle was used. The 2yr-6hr precipitation for 
the area was interpolated at .875 inches from the NOAA 
isopluvial map (Appendix III). The R value obtained was 
21.93313 feet tons/acre inch hours.

C . The soil erodibility (K) factor.

The basis for the K-f actor map is a digitized soil 
polygonal map which is then RASTERIZEd and RENUMBERed with K 
values replacing the subject values (numbers associated with 
a soil type) for each polygon that were automatically assigned 
during rasterization to the cells within the area of the 
polygon.

The soil polygonal or soil units map is digitized from 
soil surveys for a particular area. The quality of soil 
surveys differs from area to area depending on the design for 
obtaining the survey and the subjective judgement and 
experience of the soil scientist who prepared it (A. Amen,
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personal communication). The ideal soil survey should possess 
the following attributes:

Perfect accuracy and precision in 
estimating and mapping particular soil 
characteristics.
- Fully quantified statements of map unit 

compositions.
- Fully quantified representations of 

delineations of boundary characteristics, 
that is widths, degrees of contrast, 
estimated error in location, etc. (Brown,
1988).

While work on improvement of soil surveys is continuing, 
there are few surveys that approach this ideal level of 
quality (Brown, 1988; Amen and Foster, 1987; Amen, personal 
communication). When applying the RVUSLE/GIS methodology to 
an actual watershed management area, the best possible 
situation would be to have a field soil scientist present, 
preferably one that was involved in producing the soil survey 
report, to keep the user appraised of the accuracy, precision 
and limitations of the report (Brown, 1988).

The K values can entered directly if available (from a 
soil survey for the area or from a soils data base) or
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calculated by a subroutine in the RVUSLE program which 
requires user input of percentage of silt and very fine sand 
in the soil ( SS ) , percentage of clay ( CC ) , percentage of 
organic matter (OM), soil structure (B ) and permeability codes 
(PM) .

The RVUSLE program calculates soil erodibility (K) with 
following equations :

B = INTEGER (B)
T = SS * (100 - CC)
K = (((2.1 * ( T )1.1A ) * 0.0001 ) * (12 - OM)
+ (3.25 * (B - 2)) + 2.5. * (PM - 3))/100 
with qualification that if K < 0 
then K = 0.001 
(Simanton, 19 87)

The K value, whether entered or obtained using the above 
calculation, is then assigned to the soil type. This is 
performed using the RENUMBER command. As long as there were 
no more than 64 different types of soils (limitation of the 
RENUMBER command) the values for each subject would then be 
renumbered with K values. If the map consisted of more than 
64 soil units, some of the soil units could be lumped together 
to be separated again by using the RENUMBER command for the 
second time.
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The product is a cell map which holds K values per cell 
associated with an area covered by soils unit. For the 
purposes of this thesis a soils units map of the Wolfridge 
Quadrangle was used. The K factor values were obtained 
directly from the Soil Survey of Rio Blanco County Area, 
Colorado published by U.S. Department of Agriculture(USDA), 
Soil Conservation Service (SCS ) , and BLM jointly.

D. The terrain (LSÏ factor.

1. Introduction.

The LS or terrain factor in the Universal Soil Loss 
Equation (USLE) consists of two components : slope length and 
slope gradient which are related through an empirically 
derived equation. The slope length and slope gradient have 
been traditionally obtained through field measurement or 
through geometric analysis of topographic contour maps of the 
area (Phillippi, 1978; Williams and Berndtz 1976). Very often 
slope length data per soil unit is available in soil surveys, 
although this information often can be incomplete and measure 
the width of the soil unit rather than actual slope length 
(Morris-Jones, 1985). Because obtaining terrain information
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in this fashion is very work-intensive, with the advent of 
digital topographic data in form of Digital Elevation Models 
(DEM) and Digital Terrain Models (DTM) some work has gone into 
developing computer algorithms for determining slope length 
and other information about watersheds directly from digital 
data (Spanner, 1983; Jenson, 1985 ; Larson and White, 1988).

2. A slope gradient map.

The S factor can be easily calculated from the already 
existing slope algorithm in MOSS/MAPS. The SLOPE command 
documentation in Appendix 1 describes the type of algorithm 
used to calculate percentage slope. For the purposes of this 
work the default options of 3x3 cell window and SUM were used 
to prepare a slope map.

Because the different options of the MAPS SLOPE command 
permit different results for values of slope gradients per 
cell, depending on the type of calculation or size of the 
window used, it is essential that only one option is agreed 
on and used in an analysis of an area. The methods for 
calculating slope gradients available in the SLOPE command are 
not ultimately accurate, due to inherent inaccuracies and 
resolution of DEMs (discussed in a later section) and because 
they determine "variables relative to slope or slope curvature 
only along rows and/or columns of the gridded DTM (or DEM),
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rather than along the local direction of the steepest slope" 
(Weibel and DeLotto, 1988). In other words ;

Slope has traditionally been calculated 
by fitting a plane through the eight 
nearest cells. However, when a cell is 
part of a drainage path, the desired slope 
value is the gradient along the drainage 
path regardless of the steepness of side 
slopes. Since drainage cells can be 
identified in the automated process, the 
slope calculation can be modified to 
recognize drainage cells and use only 
other neighboring drainage cells to 
calculate their slope (Jenson, 1985).

Jenson (1985), quoted above, has created algorithms that 
find drainage cells and calculated slopes in that way. Jenson 
found that "on average, the slope values for drainage cells 
dropped by 7 percent" (Jenson, 1985). Jenson's findings, as 
well as other similar work, will provide directionality in 
terms of further improvements of the slope command, which I 
hope will correlate with improvements in the accuracy of the 
DEMs and soil prediction technology. At the present time I 
relied on the SLOPE algorithm in MAPS. Nevertheless,
considering the error that can result from inaccurate soil
surveys and K-factor estimation, C factor estimation from
rangeland vegetation cover, and the generalizations inherent 
in the USLE model itself, this does not present a real
problem, as long as the algorithm is applied consistently.
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Since the RVUSLE applies to slopes between 0 and 50 

percent, the slope map will have to be RENUMBERed assigning 
0 values to cells with higher percentage slope. The 0 value 
will produce 0 value for erosion in final multiplication. 
Nevertheless, it has to be understood that this value refers 
to unknown erosion potential levels, rather than actual 0 
level. As needed, unknown erosion potential could be 
represented by other numbers.

3. A slope length map.

a. Traditional means of determining slope lengths.

The basic definition of slope length is the length of 
slope from the origination of overland flow to the area where 
deposition begins or flow enters a well defined channel 
(gully) (Wischmeier and Smith, 1978). The LS value obtained 
from a table, a slope effect graph or calculated using an 
equation which summarizes slope length-slope gradient 
relationship, always uses this full slope length. Generally, 
an average slope gradient is used for the entire slope. 
However, if extensive changes in gradient occur along a slope 
length, the average gradient will not adequately reflect 
changes along a slope (Wischmeier, 1976 ; Wischmeier and Smith, 
197 8) . To deal with that situation, a slope can be divided
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into equal segments (in practice, usually not more than three) 
for which percentage of erosion can be calculated using the 
Soil Loss Fraction Equation given by Wischmeier and Smith 
(1978). The total LS factor is obtained by using the overall 
slope length as one of the elements and the gradient of a 
slope segment as the other, multiplying the result by the 
fraction of erosion expected from that particular segment, and 
then totalling the fractions from all the segments.

One of the better guidelines for determining slope length 
in the field was documented by Phillippi (1978). In 
Phillippi's USLE For Rangeland, a Soil Conservation Service 
(SCS) technical note, partitioning a watershed into mini
basins and determining slope lengths by measuring within a 
mini-basin flow paths from the top of the divide to the 
channel is described. Another method, already mentioned, 
determines slope length per soil unit. However, because it is 
necessary to use the entire slope length, the information 
given per soils unit is usually not adequate and will tend to 
underestimate erosion (Morris-Jones, 19 85). (A soil unit 
usually covers only part of the slope rather than its entire 
length.) The field methods generally are extremely time 
consuming and not necessarily very precise, because they are 
based on consensus between scientists as to what defines a 
slope length segment for an area (personal communication, Al 
Amen). Geometric methods of obtaining slope lengths from
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topographic maps which use information contained in elevation 
contours over a watershed area have also been developed 
(Williams and Berndt, 1976). The geometric methods are not
precise because they average slope length over an entire 
watershed (Wischmeier, 1976). Therefore, traditionally, slope 
lengths can be determined only approximately and values might 
not reflect landscape with any great degree of accuracy. 
Also, information concerning micro-relief often is completely 
lost unless a detailed field study of an area is performed. 
Consistent determination of slope lengths to that degree of 
detail for large areas is an extremely difficult task.

b. Determining slope lengths from DEMs.

With the advent of DEMs, automated means of determining 
slope lengths are becoming possible. Thus slope lengths may 
be determined in a consistent way that does not change from 
area to area, and the slope lengths are sensitive to landscape 
within the error range of the DEM. However, Wischmeier and 
Smith's (1978) method was not designed for computer processing 
of elevation data, and programming of it can present severe 
difficulties, to be discussed in greater detail later in this 
paper.

While working on interfacing the USLE with a Geographic
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Information System, I looked at alternative methods for 
obtaining a slope length map with the following objectives in 
mind : (1) the method must be automated and use digital
elevation data; (2) the values it provides must be meaningful 
for calculation of the LS factor in the USLE; (3) it must be
relatively simple and does not take inordinate amount of 
computer processing time ; (4) that it must provide consistent 
information that is sensitive to changes in the landscape.

The most promising algorithm for determining slope length 
that appeared to fulfill these criteria was developed by 
Spanner ( 19 83 ) . The method is diagrammatically shown in 
Figure 1. The processing begins with the first cell (first 
row, first column) of a DEM. The program begins searching 
upwards from the cell, i.e it looks within a 3x3 matrix for 
a cell with the biggest positive elevation difference from the 
center cell. Then it calculates the Pythagorean distance 
between the two cells, and continues its search for the next 
highest cell within the constraint that it won't look at cells 
with aspect greater than 45 degrees from the aspect of the 
previous cell. It continues to calculate the Pythagorean 
distance as it continues up-slope until it reaches a cell 
which has no cells with higher elevations surrounding it. At 
that point the search has reached the top of a local elevation 
high, which could be top of a ridge or a hill. The value of 
all the distances added is assigned as the slope length value
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to the cell it started from. Then the algorithm proceeds to 
next cell (first row, second column) and repeats the search. 
In this way the steepest pathway leading to each cell is 
found, and its length is assigned to that cell. Using slope 
lengths determined in this way, Spanner( 19 83 ) states that 
"length of slope... values obtained from a DEM were tested 
against 7.5-minute topographic map derived length of slope... 
values, yielding Pearson product moment correlation 
coefficients, R, of 0.81" (Spanner, 1983).

The advantages of the above algorithm is that : it is
computationally simple and does not require an inordinate 
amount of processing time; it assigns a slope length value to 
each cell of a map representing lengths of steepest paths that 
water would take to that cell; it creates an array of values 
that are sensitive to the modeled local landscape because it 
looks for the steepest paths.

4. Differences between Spanner and traditional definitions of 
slope length.

While the Spanner algorithm presents a unique, simple 
method for obtaining slope length values per cell, the 
definition of slope length differs from the way Wischmeier 
defines it. Slope length is defined by Wischmeier as "the
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IDGE

Path AB Is an example of a stright 
"horizontar path.

Path CD Is an example of a stright 
"verticar path.

Path EF Is an example of a stright 
"diagonal" path.

Path AG Is an example of a curved 
path.

DIGITAL ELEVATION MODEL (CELLS 
HOLD ELEVATION VALUES)

A.

OVERLAND DISTANCE

DIFFERENCE 
IN ELEVATION 
BETWEEN TWO 
NEIGHBORING 
CELLS

HORIZONTAL DISTANCE 
BETWEEN TWO NEIGH
BORING CELLS

Slope
lengths

Slope 
length 2

Slope 
length 1

Cell 1 Cefl 2 Cell 3

Values for slope length in each 
cell are independent values 
representing distance to each 
cell from a local elevation high, 
and are used to calculate LS factor 
Independently for each cell - 
although the cells are part of 
the same steepest path.

B. c.

Figure 1. The independent slope lengths algorithm.
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(total) distance from the point of origin of overland flow 

to the point where either the slope gradient decreases enough 
so that deposition begins, or the runoff water enters a well 
defined channel that may be part of a drainage network or a 
constructed channel" (Wischmeier and Smith, 1978). Spanner 
defines slope length to be the overland distance from a 
particular point on the map ( located as a centroid of the 
cell) to the nearest local elevation high along the steepest 
path, or the distance the water will travel as it erodes 
topsoil to that point. While it is generally true that the 
soil loss per unit area increases substantially as slope 
length increases, due to the fact that "the greater 
accumulation of runoff on the longer slopes increases its 
detachment and transport capacities"(Wischmeier and Smith, 
19 78), no definitive study exists that relates increasing 
distances at various points on the slope mathematically to the 
LS factor. The LS factor in the USLE is always calculated 
using the total slope length.

In an attempt to quantify the differences between 
Spanner's definition of slope length and the traditional 
definition of slope length and how it affects the LS values 
obtained through the relationship between slope length and 
slope gradient developed for the RVUSLE, we performed simple 
modeling studies. The studies compared LS factor values 
obtained using the Spanner slope lengths and the Wischmeier
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slope lengths for simple, mathematical abstract slopes.

Slopes consisting of 3, 4, and 5 segments were created. 
As shown in figure 2 the overland segments for what we call 
the Spanner-LS calculation are considered to be roughly 
equivalent to the equal overland segments in what will be 
referred to here as the Wischmeier-LS calculation. This is 
possible because within the constraint of the Draft Revised 
Universal Soil Loss Equation (Simanton, 1987 ) program only the 
slopes between 0% and 50% can be used for calculation of the 
LS factor. The overland distance, as calculated by the 
Pythagorean theorem (Figure lb), for slopes of 50% or less, 
is roughly equivalent to horizontal or map distance, or the 
cell width or height for square cells of a DEM. Furthermore, 
for the purposes of this model, only the slope paths along a 
straight line are considered. Thus, it does not deal with 
paths that go both diagonally and vertically, or horizontally 
from cell to cell, i.e. path that curve (Figure la).

For the slopes shown in figure 2, the Wischmeier-LS 
calculation and the Spanner-LS calculation would work in the 
manner described below.
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THE WISCHMEIER-LS CALCULATION
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LSX = total slope length (LSusle) SGX * SLFX 
where :
LSX = the LS factor for segment x 
( LSusie ) = the LS factor calculation
(performed using a DOS-BASIC draft Revised 
Universal Soil Loss Equation program 
SGX = the slope gradient in percent slope 
for segment x
SLFX = percent soil loss from segment x 
derived from the Soil Loss Fraction 
Equation

more specifically, for the 3 segment slope 
in fig.2 the calculation would be:

LSi = total slope length AD ( LSusle ) SGi * SLFi
LS2 = total slope length AD ( LSusle ) SG2 * SLF2
LS3 = total slope length AD (LSusle) SG3 * SLF3

LS(total) = LSi + LS2 + LS3

The Soil Loss Fraction Equation (SLFE) used to calculate 
the SLFX is the following :

i**1 - ( i-1 )“+1
Soil Loss Fraction =

Ne+1
where i = segment sequence number;

m = slope-length exponent (0.5 
for slopes >_ 5 percent, 0.4 for 
4 percent slopes, and 0.3 for 
3 percent or less);
N = number of equal-lengths 
segments into which the slope 
was divided.
(Wischmeier and Smith, 1978)
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THE SPANNER-LS CALCULATION
LSX = slope length for segment x
LSx = slope length AB (LSusle) SGi
LS2 = slope length AC (LSusle) SG2
LS3 = slope length AD (LSugle ) SG3

In the Spanner-LS calculation each of the slope length ; 
LS], LS2, and LS3 are considered to be total LS factors for 
each cell. One way these abstract slopes is to imagine a 
straight path leading from a local elevation high to a group 
of cells. In the Wischmeier-LS calculation all the cells, or 
segments, are seen as part of one, continuous single path. 
The total LS factor is the total for that path calculated with 
application of SLFE to each segment. In the Spanner-LS 
calculation, although the paths are on the same route from the 
same local elevation high, the path to each cell is considered 
and calculated independently from the paths leading to another 
cell on the same route. Figure 1c shows this in form of 
different length vectors extending from each cell, 
representing the slope length value that cell. An appropriate 
name for the algorithm developed by Spanner would be the 
independent slope lengths method. The LS factor for each cell 
is calculated as an independent total. The fact that the slope 
lengths are on the same route and related to the same
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elevation high permits comparison with a similar slope 
calculated using Wischmeier-LS calculation. The fact that 
each cell holds an independent value for the LS factor permits 
these values to be averaged along a particular route. The 
total LS factor for a slope calculated using the Wischmeier- 
LS calculation can be compared to the average of total LS 
factors calculated using the Spanner-LS calculation along a 
similar slope. The Wischmeier totals and Spanner average 
totals are closely related.

Table 1 shows calculations performed on straight slopes 
consisting of 3, 4, and 5 segments for Wischmeier, and 3, 4 
and 5 cells for Spanner. The segments, as explained before, 
are treated as roughly equivalent to cell size, assuming that 
path goes vertically or horizontally across the cells to keep 
the calculations simple. If the path goes diagonally between 
the cells, within limits of 0-50% slopes the map distance 
between center points of the cells is still approximately 
equal to overland distance, and the assumption still holds. 
The values per segment calculated by the Wischmeier-LS 
calculation using the Soil Loss Fraction Equation do not 
correspond to the values per cell calculated in Spanner-USLE 
format. If the values per segment and the values per cell 
along a path are summed they are not equivalent as well. 
However, if each value per cell in Spanner is considered as 
total LS factor for a particular independent slope length
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(path) and slope gradient, and then they are averaged, a 
determinate relationship of Spanner-LS average value for LS 
factor along a route to the total LS value determined for the 
slope using the Wischmeier-LS calculation can be seen, 
independently of whether they consist of 3, 4, or 5 segments 
or cells.

I used regression and correlation analyses to examine the 
relationship between the Spanner/LS and Wischmeier/LS 
calculation results, comparing Wischmeier totals to Spanner 
averages. The slope parameter in the regression was used to 
characterize the ratio of the LS factor as determined by the 
two methods. The slope was 0.75 with a standard error of 0.01 
and the intercept was just marginally different than zero. 
This information suggests that the Spanner results are 
consistently 75 percent of the Wischmeier-based results. The 
correlation analysis was performed to compare results with 
those of Spanner (1983). The correlation coefficient was
0.999 and the fitted line was significant at better than 99 
percent level. Spearman correlation coefficients were 0.997.

It is my contention that the above results strongly imply 
that when values for the LS factor per cell are averaged for 
a certain area, for example a watershed or a soil unit, the 
average of those values will tend to approximate 75% of values 
that might be derived using the traditional method, for that
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particular unit. This applies particularly if the paths are 
straight, which is the way they are determined using the USLE. 
Although the independent slope lengths method often finds 
routes which are not straight, however, the results of the 
above analysis should still hold.

The analytical approach is different from Spanner's 
method of verification, in that it compares two somewhat 
different concepts of slope length and looks for correlation 
in results. It does, however, substantiate Spanner's statement 
that slope length derived from a DEM using his algorithm when 
tested against slope lengths derived from the topographic map 
yielded Pearson product moment correlation coefficient R of 
.81 (Spanner, 1983).

The independent slope lengths method is a valuable 
automated technique for calculating slope length to be used 
with GIS/USLE soil loss prediction technology, because, beyond 
its correlation with the traditional method, it is : (1) a
unified, consistent approach to obtaining slope lengths for 
the modeled terrain of different areas, while the field or 
geometric approach relies more on the investigators judgement; 
(2) a computationally simple method for using digital 
elevation data which does not require much processing time; 
and (3) a tool sensitive to the modeled landscape in that it 
considers the flow of water as taking place along different
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steepest paths on the landscape. Therefore, it is my 
contention that the independent slope lengths method 
represents a significant improvement over any except the most 
detailed field measurements, and as such is applicable in 
reconnaissance level soil erosion prediction using Geographic 
Information Systems and the USLE.

WISCHMEIER SLOPE
A

Segment 1

SGI

Segment 2

SG2
Segment 3 

SG3

TOTAL SLOPE LENGTH -  AD -  150 FT 
AB *  BC *  CD = 50 FT

SPANNER SLOPE
A

SGI

Calculated 
overland distance

SG2

SG3

Cell3Cell 2Cell 1

AD -  150 FT and
AB ~ BC ~ CD ~ 50 FT if slopes < 50 %

Figure 2. Comparison of models of similar slopes as used for 
the Wischmeier/LS calculation and Spanner/LS calculation.
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5. Other avenues for calculating slope length explored.

a . Main problem areas.

Looking more closely at the potential problems we might 
encounter if we try to calculate slope lengths from OEMs using 
the traditional approach, we find following difficulties.

Problem Is Defining the depositional areas.

This problem could be resolved relatively easily by 
taking out areas of low, perhaps 0-2%, slope and defining them 
as depositional areas. In a mesa type topography the level 
surfaces of the tops of ridges would also be included, and 
they would probably have to be identified. Well-defined 
channels could be identified in a landscape by overlaying a 
streams map over a DEM.

Problem 2: The "cross-over" problem.

Once a path from a cell to the local elevation high is 
calculated, is possible to assign segment numbers of 1, 2, 3, 
and so forth to each cell starting at the local elevation high 
(LEH), and then assign total slope length to all the cells on 
that particular path. However, a path calculated from the 
next cell might, and often does, cross-over to the first path. 
A third, fourth or fifth path might do the same.
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Consequently, there are cells common to 2, 3, or more of the 
paths . Since the paths are often not of the same length which 
total slope length should be assigned to these common cells. 
One alternative would be to take the greater slope length 
value and block out all connected paths, assigning the greater 
value to all the cells in the block. The segment sequence 
numbers would remain for each individual paths and the Soil 
Loss Fraction Equation would be applied to each cell according 
to this number. However, in this way we might wind up 
blocking out a large drainage area by assigning only one total 
slope length to the block, and thereby coarsening the 
resolution of the slope length map, making it less sensitive 
to the landscape. Another alternative might be assigning an 
average of all slope lengths to the block.

Yet another way the problem could be approached is to 
create data layers that would hold values for the common cells 
separately. First, the LS factor is calculated for the cells 
in a single path, then for the cells in another path, and then 
the two values in the common cells are averaged. This is done 
for all the paths on a DEM.

These approaches present relatively complex programming 
problems, and the resulting benefits, if any, might not be 
worth the effort involved.
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Problem 3: The curved path problem.

54

Assuming that the previous problem is solved, another 
problem arises from the fact that most of the paths calculated 
by Spanner algorithm are curved, i.e., they connect from cell 
to cell diagonally, and then continue vertically or 
horizontally. Because of that, distances between cells are 
not approximately equal as in the case of straight paths, and 
the Soil Loss Fraction Equation which works for equal segments 
cannot be directly applied. Calculation of the soil loss 
fraction would have to be somehow modified.

b. Other considerations using DEM data.

There are several other considerations in using DEM data. 
The 7 .5 minute DEMs are produced either from map contour 
overlays that have been digitized or from automated or manual 
scanning of photographs usually taken at an average height of 
40,000 feet. The accuracy of the DEMs depends on these data 
sources. The vertical accuracy of the DEMs is highly 
dependent on the original resolution and contrast of the 
source photographs, presence of natural and man-made features, 
and survey control of constraining the stereo-modeIs. 
"Vertical accuracy of 7.5-minute DEM# s derived from contours 
is consistent with the accuracy of the contours on the source 
map. The 7.5-minute DEM's are stored in one of two separate
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DEM data bases... depending on tested vertical accuracy. 
Accuracy is either less than 7-m vertical RMSE, or 7- to 15- 
m vertical RMSE. The 7-m RMSE was determined to be a 
reasonable standard for OEM's derived from high altitude 
aerial photographs"(USGS, 1983). RMSE refers to Root Mean
Square Error. Additionally, most of the DEMs available are 
Level I which means that they contain raw, unsmoothed data 
which might contain pits reflective of the digitizing process. 
In the Level I DEMs only gross blunders in data capture have 
been eliminated. Therefore, in application of the RVUSLE/GIS 
Soil Loss Prediction Method to actual watershed or rangeland 
management areas the DEMs used should be carefully checked for 
quality.

Other problems result from the kind of algorithm used to 
derive values from DEMs. In the previous section the problems 
with the slope length algorithm were discussed.

Another consideration is that presence of microrelief 
which causes deposition will not show on a DEM. In one study 
(Morris-Jones, 1985), which also used one of Spanner's earlier 
versions of the slope length algorithm, the number of moves 
uphill was limited to three upon consultation with an expert 
on the area of study. The need for these improvements will 
partially depend on the accuracy of other data that goes into 
the RVUSLE.
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The LS factor can be obtained as a value per cell using 
the appropriate equation. The calculation can be performed 
using the MATH command, which creates a new continuous map by 
performing mathematical operations on existing discrete or 
continuous cell maps. The mathematical expressions may 
contain map names, numerical values, mathematical operations, 
mathematical functions and parentheses, which can be put 
together to form an equation.

6. Creating the LS f terrain ̂ factor map.

a. The LS factor calculation in the RVUSLE.

Calculation of the LS factor in the RVUSLE requires the 
given values for slope length and slope gradient. It uses the 
following variables :

L = slope length (in feet)
SP = slope steepness (in percent)
Q = SP/100
S = SIN(ATAN(Q ))
B = .5 * ((S/8.959 9 99E-02)/(2.9 6 * S ** .79) + .56))
M = B/(l + B)
SL = (L/72.6) ** M (the L-factor)
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Condition 1 - if the slope steepness is less than 8 percent.

SS = 10 * S + 0.027 (The S-factor)
LS = SS * SL (The L*S factor)

Condition 2 - if the slope steepness is between 8 and 50
percent

SS = 17.2 * S - 0.55 (The S-factor)
LS = SS * SL (The L*S factor)

Condition 3 - if the length of slope is less than 15 ft

SL = (15/72.6) ** 0.335 
SS = 3 * (S ** 0.8) + 0.56 
LS = SS * SL 
(Simanton, 1987)

Condition 3 does not hold for Digital Elevation Models
processed with the slope or slope length algorithms. The
smallest slope length obtained cannot be less than 30 meters 
which is the dimension of a side of a DEM cell.
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b . Preparation of the S-factor map.

The following is a list of commands and explanations 
necessary to produce a S-factor map from a slope gradient map.

1. A slope map is prepared from the Digital Elevation 
Model using the SLOPE command, which produces slope values in 
percent slope units.

2a. RENUMBER SLOPEMAP ASSIGNING 0. TO _8 THROUGH 800 FOR 
SLOPE1TH7

Produces a slope map of slopes of < 8 percent.

b. RENUMBER SLOPEMAP AS 0 TO 1 TH 7 AS 0 T 51 TH 800 F 
SLOPE8TH5Q

Produces a map of slopes between 8 and 50 percent.

3a. MATH ( SIN ( ATAN ( SLOPE1TH7 / 100 ) ) * 10 ) + 0.027 
FOR SFACT1TH7

Produces an S-factor map for slopes of < 8 percent.

b. MATH ( SIN ( ATAN ( SLOPE8TH5Q / 100 )) * 17.2 ) -
0.55 F SFACT8TH50

Produces an S-factor map for slopes between 8 and 50
percent.
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4. MATH SFACT1TH7 + SFACT8TH50 FOR SFACTOR

Produces an S-factor map for slopes from 1 through 
5 0 percent.

The S-factor map is accurate only for slopes of 1 through 
50 percent within the restrictions of the RVUSLE.

c. Preparation of the L factor map from a slope length map.

1. A slope length map (LOFSM) is prepared from a Digital 
Elevation Model using a new LENGTH option in the SLOPE command 
based on algorithm developed by Michael Spanner.

2. The optional step of transforming the values in the 
slope length map (LOFSM) from meters to feet (LOFSFT).

3. MATH ( SIN ( ATAN ( SLOPEMAP / 100 )) FOR SMAP
Produces an S-variable map from slope map for further 

calculations.

4. MATH ( SMAP / 0.0895999 ) * 0.5 ) / ( 2.96 * (. SMAP 
** 0.79 ) + 0.56 ) FOR BMAP

Produces a B-variable map from S-variable map for 
further calculations.
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5. MATH BMAP / ( 1 + BMAP) FOR MMAP
Produces an M-exponent map for slope length 

calculations.
6. MATH ( LOFSFT / 72.6 ) ** MMAP FOR LFACTOR

or
MATH ( LOFSM / 22.1 ) ** MMAP FOR LFACTOR
Produces an L-factor map from either English or 

metric system values for slope length.

d. Preparation of the LS factor map.

To prepare a total terrain contribution or an LS-factor 
map the following commands are used :

MATH SFACTOR * LFACTOR FOR LSFACTOR

E . Cover (C ) and support practice (P ) factors.

The RVUSLE in its present draft form has a method for 
calculating of the C factor for rangelands. For areas under 
cultivation a table is used to establish the P factor. •

If the C factor is not known the RVUSLE asks for 
following input : percentage of canopy cover (FCC), average
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canopy height (HH)f surface percentage of rock, gravel, 
litter,and vegetation (MM), root mass in the top 4 inches of 
soil (RSS) and roughness values associated with field 
conditions (RB) . If the root mass in the top 4 inches of soil 
is not known it can be calculated from total above-ground 
biomass (AB) and percent of below ground biomass (BG), or the 
ratio of below to above ground biomass (RPB). If the ratio 
is not known it can be obtained from the following table:

TABLE 2. Ratios of above to below-ground biomass.

1. Northern mixed prairie RPB = 0.381
2. Tallgrass prairie RPB = 1.19
3. Shortgrass prairie RPB = 1.3
4. Desert grassland RPB = 0 .916
5. Lehman lovegrass RPB = 1.72
6. Southeastern grasses and forbs RPB = 0.276
7. Sagebrush - bunchgrass RPB = 10.9
8. Sagebrush - herbaceous interspaces RPB = 3.63
9. Cold desert shrubs RPB = 2.68

10. Sand shinnery oak RPB = 4.64
11. Sand shinnery oak

(herbaceous interspaces) RPB = 2.41
12. Southern desert shrubs RPB = 0.694
13. Chaparral RPB — 0.112

(Simanton, 1987)

Roughness values associated with field conditions (RB) 
are also given in a table:
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TABLE 3. Roughness values.

Cropland — — Moldboard plow RB = 30
Cropland - Disk RB = 18
Cropland - Cultivator RB = 15
Cropland — — Planter RB — 10
Cropland — — Smooth RB = 6
Rangeland ■ — Natural Shrub RB - 20
Rangeland — — Cleared RB = 17
Rangeland — — Pitted RB = 27
Rangeland — — Cleared and Pitted RB = 25
Rangeland - Root - Plowed RB = 32
Rangeland ~~ — Clipped and bare RB = 14

(Simanton, 1987 )

The various variables are then related to each other 
through the following equations (Simanton, 1987):

C = PLU * PC * SC * SR
where
EX = 2.718
and
PLU = .4 * (EX ('*012 * RS)

RS = RSS * .0442 
where
RSS = AB * RR * PB/4 
or
RSS = AB * RPB/4 
depending on what information 
is available, and 
RSS = RSS/4 

PC = 1 - (FC *• (EX ('l34 * H) ) 
where
FC = FCC/100 

SC = EX ("A * M)
where M = MM/100 

SR = EX ("*26 * (RB " 6) * ( 1 - EX ("’035 * RS) )
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The above mathematical relationships were derived as part 

of changes incorporated into the USLE in the revisions made 
by USDA-ARS group as discussed previously.

The P factor in the RVUSLE is included because erosion 
control practices have been used on rangelands. Some P values 
known for these practices can be entered from the following 
table :

TABLE 4. Erosion control practice.

Contour (1-16% slope) P = 0.60
Contour (17-25% slope) P = 0.85
Terrace (sod channel outlets) P = 0.14
Terrace (underground outlets) P = 0.05
Rootplow or contour P = 0.13
No practice P = 1.00

(Simanton, 19 87)

For the purposes of calculating soil erosion potential 
for rangelands in the Wolfridge Quadrangle we used a P value 
of 1.00. For a more detailed text of the C and P factor 
calculations in the revised RVUSLE please see Appendix II.

The base map for the C and P values can be a digitized 
land use-land cover map, a vegetation map, or potentially 
ecological site descriptions associated with soil units or 
digitized as polygons. This map is then RASTERIZEd.
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Repetition of the RVUSLE calculation of C and P values 
associates a C*P product with each of the units . Then the map 
is RENUMBERed with C*P product replacing the values per cell 
resulting from rasterization.

For the purposes of the thesis a surface cover types map 
of the Wolfridge. Quadrangle was used. Some of the surface 
cover types were combined into more general categories of 
schrublands, mountain grasslands, barren ground, forests, 
urban areas, croplands and palustrine areas to simplify the 
modeling procedure, and because of lack of precise enough 
descriptions of the vegetation in the area. The descriptions 
of the vegetation units were so general that they permitted 
only estimation of inputs necessary to calculate C values. 
This points to the importance of input from field personnel 
acquainted with the area in question when the RVUSLE/GIS 
procedure becomes available to field offices at BLM. Further 
improvements might come from connecting the RVUSLE 
calculations with data bases that hold relevant information. 
Such data bases are presently being created.
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F . Summary of the procedure.

In the RVUSLE/GIS procedure four distinct data layers are 
created from already existing cell maps, each of which holds 
information as value per cell that corresponds to various 
factors of the USLE which have been calculated using the 
RVUSLE for rangelands. In this model the data layer for the 
rainfall factor (R) is simply a value by which the other data 
layers are multiplied. The soil erodibility (K) data layer 
is derived from a soil units map, while the C*P data layer is 
derived from a vegetation units map. It can also be derived 
from range site descriptions associated with soil units, or 
some other source which holds spatially distributed vegetation 
information.

The flowchart shown in Figure 3 shows the procedure as 
it takes place in the GIS. The box labeled RVUSLE refers to 
the RVUSLE calculation of the values for different factors. 
Other sources can be used to obtain values for the factors. 
For example, soil surveys generally provide K values for the 
soil units they describe, and these can be used directly.



T-3563 66

FLOWCHART OF THE RVUSLE/GIS PROCEDURE (CELL PROCESSING)
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Figure 3. Flowchart of the RVUSLE/GIS
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III. Results and products.

A. The soil erosion potential map.

The Wolf ridge quadrangle is one of the two quadrangles 
included in the Wolsag Project data base, which contains 125 
maps on various subjects including soils, vegetation, digital 
elevation models, streams and many more. As the first step 
of the procedure the soil and vegetation maps as well the DEM 
for Wolfridge quadrangle were compared for projections. Once 
it was established that the projections were the same the soil 
and vegetation maps, originally in polygonal form, were 
RASTERIZEd with cell size being the same as that of the DEM. 
In case of Wolfridge quadrangle the cell size in the DEM is 
50m x 50m, although normally for a 7.5 minute quadrangle the 
cell size for the OEMs is 30m x 30m. This difference,
however, in no way affected the processing to obtain a soil 
loss potential map.
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The R value was calculated using the RVUSLE procedure, 

with input of latitude and longitude for the center of the 
quadrangle, and the 2yr-6hr precipitation obtained from an 
isopluvial map for Colorado (Appendix III). The value used 
was .875 inches, which gave R value of 21.93313.

The K values per soil unit were obtained from Table 10, 
Physical and Chemical Properties of Soils, in the Soil Survey 
for Rio Blanco County Area, Colorado (1982). These values are 
shown in the following table.

TABLE 5 . K-factor values for soils in the Wolfridge Quadrangle

Symbol Name K-factor
6 Barcus 0.10

33 Forelle 0.28
36 Glendive 0.20
41 Havre 0.37
64 Piceance 0.20
70 Redcreek 0.32
73 Rentsac 0.32
75 Rentsac 0.20
91 Torriorthents 0.00 (rock)

104 Yamac 0.37
(SCS-BLM, 1982)

The C values were determined for rangeland using the 
RVUSLE calculation with following input :
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TABLE 6. Input to obtain C-factor values for types of 

rangeland in the Wolfridge quadrangle.

schrublands
canopy cover = 50% 
canopy height = 3 feet 
root mass = 100 lbs/ac/in 
surface % of rock, gravel, litter and 

vegetation = 6 5% 
roughness = 20 (Natural shrub)
C = 0.0169

barren ground
canopy cover = 5%
canopy height = 1 ft
root mass = 5 lbs/ac/in
surface % = 25%
roughness = 25 (cleared and
pitted)
C = 0.1403

mountain grass
canopy cover = 50% 
canopy height = 1.5 feet 
root mass = 125 lbs/ac/in 
surface % = 55%
roughness = 20 (natural shrub) 
C = 0.0223

The values given for various parameters were decided upon 
with help of Al Amen, soil scientist with Bureau of Land 
Management, on the basis of general descriptions of vegetation 
types. Ideally, the values are obtained by a rangeland 
conservationist who is well-acquainted with the area in 
question. The categories that are not handled by the RVUSLE, 
such as forests, urban areas, croplands, and palustrine areas 
were given a value of 0. In the future other sources might
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be used to determine C values for forests, and C values for 
croplands might be added to create more complete erosion maps . 
Since no particular erosion control practice as given in table 
IV was determined for these areas, the P factor value used was 
1.00.

Figure 4 is the soil erosion potential map derived by the 
above procedure. It shows levels of erosion in tons/acre/year 
for rangelands. The white background indicates that erosion 
could not be calculated for that area using the RVUSLE. This 
will be explained in a greater detail on the following pages.

Table 7 shows the reports generated by the TOTAL command 
in MAPS. In this case the individual values of the cells are 
TOTALed over the soil present only in the area of the positive 
erosion potential (colored areas). The meaningful values are 
the averages and the areas, sum and product are irrelevant 
since the values contained in the cells are erosion potential 
in tons/acre/year, and the size of the cell is not an acre. 
This table shows relative contributions
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EROSION POTENTIAL LEVELS (tons/acre/year)

1 I 0.001 - 0.500 
0.501 -1.000

! 1.001 - 3.000
3.001 - 6.000

streams and channels

Figure 4. Soil loss potential map of the Wolfridge 
quadrangle, Colorado.
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TABLE 7. Values for RVUSLE factors TOTALed over soil units.
A. Average soil loss potential.

SUBJECTS TOTAL FREQUENCY AREA PRODUCT AVERAGE

64 29. 225 . 139. 18.020 0 . 130
73 3310. 5146. 3179. 2044.752 0 .643
36 804 . 2091 . 1292. 496.946 0 .385
75 1479. 7148 . 4416. 913.700 0 .207
70 46 . 121 . 75. 28.203 0.377
104 432. 1506 . 930. 266.764 0 .287
6 75. 220. 136. 46.310 0 .341
41 563. 626 . 387. 348.106 0 .900
33 7 . 41 . 25. 4.208 0 . 166

TOTAL 6745 . 17124. 10579. 4167.008 0.394

B . Average terrain (LS) factor.

SUBJECTS TOTAL FREQUENCY AREA PRODUCT AVERAGE

64 396 . 225. 139 . 244.651 1 .760
73 21417. 5146. 3179. 13230.468 4 . 162
36 9643. 2091 . 1292. 5957.020 4.612
75 19805. 7148. 4416. 12234.569 2.771
70 387. 121 . 75. 239.336 3.202
104 3163. 1506. 930. 1953.813 2. 100
6 1321 . 220. 136. 816.324 6 .006
41 3384 . 626. 387. 2090.518 5 .406
33 66 . 41 . 25. 40.810 1 .61 1

TOTAL 59582. 17124. 10579. 36807.508 3,479
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TABLE 7. Values for RVUSLE factors TOTALed over soil units. 
C. Average slope gradients (percent).

SUBJECTS TOTAL. FREQUENCY AREA PRODUCT AVERAGE

64 1838. 225 . 139 . 1135.443 8.163
73 70501. 5146. 3173. 43552.323 13.700
36 23773. 2091 . 1232 . 18332.666 14.233
75 73474. 7148. 4416. 45383.533 10.273
70 1508 . 121 . 75. 331.587 12.463
104 13033. 1506. 330 . 8051.303 8 .654
6 3615 . 220. 136 . 2233.214 16.432
41 10403. 626 . 387. 6430.238 16.628
33 272 . 41 . 25 . 168.032 6 .634

TOTAL 204423. 17124. 10573. 126285.023 11.338

D . Average slope lengths (feet).

SUBJECTS TOTAL 1FREQUENCY AREA PRODUCT AVERAGE

64 122638. 225. 133 . 75761.303 545.058
73 2745777. 5146. 3173 . 1636240.155 533.575
36 1148057. 2031 . 1232 . 703227.655 549.047
75 4033217. 7148. 4416. 2431573.340 564.244
70 62078. 121 . 75. 38343.223 513.037
104 845508. 1506. 330. 522323.627 561.426
6 147017. 220. 136. 90821.515 668.258
41 345668. 626. 387. 213541.134 552.186
33 27504. 41 . 25 . 16990.964 670.829

TOTAL S*-77*63. 1712-4 . 10573 . S854828 .923 553.461
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TABLE 7. Values for RVUSLE factors TOTALed over soil units. 
E. Average cover and management (C) factor.

SUBJECTS TOTAL FREQUENCY AREA PRODUCT AVERAGE

64 4 . 225 . 133. 2 . 335 0 .017
73 103. 5146. 3173. 67.123 0 .021
36 42. 2031 . 1292 . 25.936 0 . 020
75 122. 7148. 4416. 75.333 0.017
70 2. 121 . 75. 1 .256 0.017
104 25. 1506. 330. 15.660 0.017
6 5. 220. 136. 3 .046 0 .022
41 12. 626. 387 . 7.421 0.013
33 1 . 41 . 25 . 0.426 0.017

TOTAL 321. 17124. 10573. 138.602 0.013
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to the average soil erosion potential for a soil unit from 
various factors, which include the average C value for that 
unit, average slope length, average slope gradient, and 
average LS factor. Since we are totaling over soil units, 
average K values per soil unit are equivalent to the K value 
assigned to that unit. TOTALing over areas of some special 
significance can give us insight into various aspects of the 
area, such as if the area is generally steep or relatively 
mild, how well is it vegetated etc.

Figure 5 shows relative contributions to the unknown 
erosion potential area from various factors together. Figures 
6 through 8 break it down into individual factors. The 
contributions toward unknown erosion potential from the C 
factor were explained previously. Contributions from the 
terrain factor are of two types, where slopes are 0 or greater 
than 50%, and where slope length is 0. Generally, areas of 
zero slope length correspond to the areas of zero slope, 
except in case of local elevation highs. The only
contribution from the K-factor comes from exposed rock shown 
on the soil units map.

It is important to mention that when values for factors 
are equal to zero, it means that these values are unknown 
rather than literally zero.
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U & L

EXPLANATION

known erosion potential 
forested areas 
croplands 
urban

palustrine 
terrain factor = 0
rock ( K = 0 ) 
streams and channels

Figure 5. Contribution to unknown soil loss potential from 
various RVUSLE factors.
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EXPLANATION
known erosion potential

rock ( K = 0 ) 
streams and channels

Figure 6. Contribution to unknown soil loss potential from 
the K-factor.
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njnii m y

LL-AJ m m

EXPLANATION
known erosion potential

forested areas urban
croplands lllllllllill palustrine

streams and channels
Figure 7. Contribution to unknown soil loss potential from 
the C-factor.
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EXPLANATION

known erosion potential 
slope = 0 %

slope > 50% 
slope length = 0

streams and channels

Figure 8. Contribution to unknown soil loss potential from 
the terrain (LS) factor.
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B . Modeling of watershed management alternatives.

The flexibility of the procedure in the sense that it 
consists of separate data themes, each of which can be changed 
independently of other, permits modeling of various management 
alternatives. For the purposes of this work I performed two 
types of modeling exercises. Both included changes in the C 
factor, or improvement in rangeland vegetation cover, which 
could reflect stopping of harmful grazing practices, seeding 
or some other practices which would resulting in healthier 
vegetation cover. The models are highly simplified, but in 
application to actual watershed or rangeland management 
problems they could easily be applied in a more sophisticated 
fashion, depending on the requirements of the problems 
encountered.

1. Improving a vegetation unit.

This model attempts to demonstrate what kind of redaction 
in soil erosion potential can happen if a vegetation type that 
is particularly susceptible to soil erosion is improved. This 
is the simplest model because it requires only that the C
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factor values are changed for the entire vegetation type. It 
is highly simplified also because it is assumed that in 
application to real situations a more detailed subdivision of 
vegetation types and their C factors will be performed. The 
main limiting factors, in that situation, will be the 
knowledge of the range specialist and the precision of the 
maps used.

In this case the C factor was changed for the shrublands 
in the following way:

TABLE 8. Vegetation unit improvement.

shrublands
canopy cover 
canopy height 
root mass 
surface cover 
roughness
C value

Original

50%
3 feet
100 lbs/ac/in 

65%
20

0.0168

Improved

70%
4 feet
125 lbs/ac/in 

80%
20

0.0077

Table 9 shows a copy of a report derived by TOTALing soil 
erosion potential before and after improvement of a vegetation 
unit. The improvement is dramatic, showing the importance of 
vegetation cover in preventing soil loss.
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Table 9. Soil loss potential TOTALS before and after 
vegetation unit improvement.

TOTAL REPORT PAGE 1

HAPNAME FACTOR CELL SIZE
AVALUE2 1.000 0.618
BY SCTAINT

SUBJECTS TOTAL FREQUENCY AREA PRODUCT AVERAGE

523SG/SLHR 5316. 16213. 10016. 3283.839 0.328
623BNBS 359. 667. 412. 222.013 0.539
712SG 1078. 244. 151 . 661.157 4.386

TOTAL 6745. 17124. 10579. 4167.008 0.394

SUBJECTS TOTAL FREQUENCY AREA PRODUCT AVERAGE
--------— — — — — -------------------- ------- — — -------

523SG/SLHR 2438. 16213. 10016. 1506.086 0.150
623BNBS 360. 667. 412. 222.162 0.539
712SG 1071. 244. 151. 661.629 4.389

TOTAL 3869. 17124. 10579. 2389.877 0.226

I BACKGROUND ACRES = 26478. 1
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2. Improvement of a critical erosion area,

A critical erosion area has been defined here as the area 
with soil loss potential greater than 3 tons/acre/year. To 
produce a map of critical area ( Figure 9) cells with these 
values for potential erosion were EXTRACTed from the original 
erosion map, an then a C-factor map was INTERSECTed with the 
EXTRACTed map. The critical soil loss areas contain, in this 
case, up to three vegetation types. Each of these types was 
improved by incorporating improved conditions into the C- 
factor calculation in the draft RVUSLE (Table 10).

The critical area map was then RENUMBERed using the above 
values. The product was used to COVER the original C-factor 
map, which resulted in a map which showed the lower C values 
after improvement. This new C-factor map was then multiplied 
using the MATH command by the R, K, and LS maps to produce a 
new soil loss potential map that showed critical area 
improvements. Table 11 shows the report obtained by TOTALing 
the original soil loss potential values and the new values 
over the critical area.

TOTALing values for the various factors of the USLE over 
sections of the critical area can help us determine the major 
source of the problem in terms of soil erodibility, slope
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EXPLANATION
critical erosion potential
streams and channels

Figure 9. Critical soil loss potential area.
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TABLE 10. Vegetation improvements in critical erosion areas.

shrublands
canopy cover 
canopy height 
root mass 
surface cover 
roughness
C value

Original

50%
3 feet
100 lbs/ac/in 

65%
20

0.0169

Improved

70%
4 feet
125 lbs/ac/in 

80%
20

0.0077

barren ground
canopy cover 5% 25%
canopy height 1 foot 1.2 feet
root mass 5 lbs/ac/in 25 lbs/ac/in
surface cover 25% 4 0%
roughness 25 25
C value 0.0143 0.0624

mountain grasslands
canopy cover 50% 70%
canopy height 1.5 feet 2 feet
root mass 125 lbs/ac/in 150 lbs/ac/in
surface cover 55% 75%
roughness 20 20
C value 0.0223 0.0074



T-3563 86

Table 11. Soil loss potential TOTALS before and after 
critical area improvement.

TOTAL REPORT PAGE 1

MAPNAME FACTOR CELL SIZE
AVALUE2 1.000 0.618
BY A2CP36

SUBJECTS TOTAL FREQUENCY AREA PRODUCT AVERAGE

G23BNBS 19. 5. 3. 11.677 3.780
712SG 193. 45. 28. 118,922 4.278
S23SG/SLHR 23. 7. 4. 14.240 3.293

TOTAL 234. 57. 35. 144.838 4.113

SUBJECTS TOTAL FREQUENCY AREA PRODUCT AVERAGE

623BNBS 6. 5. 3. 3.878 1.255

712SG 86. 45. 28. 52.926 1.904

S23SG/SLHR 11 . 7. 4. 6.532 1 .511

TOTAL 103. 57. 35. 63.336 1 .799

( BACKGROUND ACRES * 37021. \
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length etc., and thus the potential approach to the solution. 

Generally the major approach to soil erosion control is 
improvement of the vegetation cover.

C . Potential products and applications.

The RVUSLE/GIS procedure produces a continuous map of 
soil erosion potential which then can be processed further in 
a variety of different ways. A continuous map can be SCOREd 
or TOTALed with a soils map, vegetation map or map of other 
relevant units to produce information on soil erosion 
potential for those units. The SCORE command creates a new 
discrete map by comparing the cell values from one existing 
discrete map with those of another existing discrete and 
continuous map. For each category of the first map, it then 
summarizes the values of the second map which occur over the 
same geographic area to determine the value that will be 
assigned to the new map. The TOTAL command works similarly 
except that it produces output in tabular form. A continuous 
map of erosion potential can be EXTRACTed for levels of 
potential; it can be CONTOURed and represented in 3 
dimensions. A continuous map of soil erosion potential can be 
used for a variety of analyses possible on the MOSS/MAPS GIS, 
and can become a useful component of resource analysis and 
resource management decisionmaking process. Additionally, by
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changing the input values of various factors of the RVUSLE, 
several models of soil erosion can be prepared to approximate 
the real situation of erosion for the area. This furnishes 
a method whereby a good approximation of the real soil erosion 
can be easily prepared for a large area.

To summarize, GIS capability for application of the 
RVUSLE provides several important benefits *f or resource 
planning and management with respect to soils.

1. The USLE is a site-specific hill-slope model, while areas 
considered in planning are often large. The RVUSLE/GIS 
procedure permits broad reconnaissance scale application of 
the RVUSLE to geographically large planning areas.

2. The easy manipulation of data will permits comparison of 
existing erosion conditions to natural potential and to 
planned management induced conditions, or other assumed 
situations. Therefore the procedure is applicable to resource 
condition analysis in preparation of Resource Management Plans 
and other similar applications. This can be accomplished 
through manipulation of C and P factors.

3 . In preparation of erosion hazard analysis for an 
Environmental Impact Statement, data can be manipulated to 
show what would happen if vegetation and/ or soil were
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completely removed from a certain area due to development such 
as construction of a pipeline, or strip mining. This could 
be accomplished through manipulation of the K and C factors, 
and possibly the LS factor to reflect changed terrain 
conditions

4. The RVUSLE/GIS procedure could be used as a rangeland 
monitoring tool, for example in combination with vegetation 
monitoring in grazing program, and through manipulating of C 
factor input, calculation and interpretation of the erosion 
status.

5. The procedure could be used in project design 
development, for example modeling of erosion conditions that 
could occur with building of a reservoir.
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IV. Summary and Conclusions.

The Revised Universal Soil Loss Equation was successfully 
interfaced with the Geographic Information System at BLM 
providing a methodology for reconnaissance-seale calculation 
of soil loss potential on rangeland. The inherent
generalizations of the USLE methodology, limitations and 
inaccuracies in the soil survey, vegetation cover and DEM data 
result only in gross estimates of soil loss potential for a 
given area, as discussed in previous sections. However, 
within these constraints the soil loss maps obtained using the 
RVUSLE/GIS procedure provide valuable insight into the 
relative combined effects of rainfall, soil type, terrain, 
vegetation cover and support practice in different areas. 
Particularly, the automated means for calculation of the 
terrain factor provide consistent methodology for its 
determination, in contrast with variability that can be 
expected from field measurements. Within the limitations of 
DEM data, this methodology provides a more terrain sensitive 
evaluation of slope gradient and slope length when compared
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to average values obtained for large areas obtained by 
geometric means from topographic maps.

The RVUSLE/GIS procedure permits processing of large 
quantities of information in a short amount of time, where 
field techniques would be too time consuming and costly to 
apply, if not altogether impractical. Furthermore, the 
flexibility of the procedure permits creation of various 
models to help in resource management planning. Its 
application to particular areas requires, however, involvement 
of range specialists well acquainted with the area to permit 
more realistic determination of values for various factors of 
the RVUSLE.

As the development of the BLM's Land Information System 
(LIS), and the development of complete data bases progresses, 
it will become possible to obtain much of the information for 
values of K, C, and P factors directly from the data base. 
It is foreseen that in the future other parameters can be tied 
directly into RVUSLE/GIS to permit improved modeling of soil 
loss potential from rangeland and other areas.
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Appendix I 
The draft RVUSLE source code.
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10
2

CLS
0 R N T

SOIL LOSS ESTIMATES

USING THE

UNIVERSAL SOIL LOSS EQUATION

LE"
LE"
LE"
LE"
LE"
LE"
LE"
LE"
LE"

T

TAB(15);"USLEUSLEUSLEUSLEUSLEUSLEUSLEUSLEUSLEUSLEUSLEUSLE"
30 PRINT TAB(15);"USLE"
40 PRINT TAB(15);"USLE"
50 PRINT TAB(15);"US 
60 PRINT TAB(15);"US 
70 PRINT TAB(15);"US 
80 PRINT TAB(15);"US 
90 PRINT TAB(15)?"US 
100 PRINT TAB(15);"US 
110 PRINT TAB(15);"US 
12 0 PRINT TAB(15);"US 
130 PRINT TAB(15);"US
1 4  0 P R I N
TAB(15);"USLEUSLEUSLEUSLEUSLEUSLEUSLEUSLEUSLEUSLEUSLEUSLE" 
150 PRINT:PRINT TAB(25);"Revised USLE for rangeland"
160 PRINT : PRINT TAB(25);" Version 3.16 Feb. 1987"
170 PRINT:PRINT TAB(20);" J.R. Simanton USDA-ARS TUCSON, 
AZ . "
175 PRINT : PRINT TAB(15);"This is a draft version for review 
only ! ! ! !"
180 PRINT : PRINT;"Press any key to continue"
200 DUMMY$=INPUTS(1)
210 CLS
230 INPUT "Do you want a brief description of necessary input 
(Y/N)";T$
240 IF (T$ <> "Y") AND (T$ <> "y") GOTO 630 
250 CLS
260 PRINT "This program uses your input regarding the physical 
characteristics"
27 0 PRINT "of the field sized area you wish to estimate annual 
soil loss"
280 PRINT "in tons/acre/year. The Universal Soil Loss 
Equation (USLE)"
29 0 PRINT " was developed by Wischmeier and Smith and is 
described in"
300 PRINT "USDA Agriculture Handbook # 537 (1978).":PRINT 
310 PRINT "This USLE revision is intended to provide more 
accurate estimates"
320 PRINT "of erosion from wildlands, specifically western 
rangelands 
330 PRINT ' 
factors"
340 PRINT 
product of 
350 PRINT "

The major revisions occur in the ' C ' , 'P', and ' LS ' 
C ’ or cover-management factor is now the"The 

4 "
sub-factors PRIOR LAND USE CANOPY COVER SOIL

SURFACE COVER"
360 PRINT "and SURFACE ROUGHNESS, The subfactor algorithms 
are based on "
370 PRINT "work of J.M. Laflen of the U.S. Dept. of
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Agri.-Agricultural"
380 PRINT "Research Service (USDA-ARS). The algorithms are 
based on rainfall"
39 0 PRINT "simulator data obtained from rangeland areas in the 
western United"
400 PRINT "States. The 'P' factor or erosion control practice 
is based on "
410 PRINT "surface conditions and runoff reductions after an 
improvement"
420 PRINT "practice has been imposed. 'P' factor values for 
rangelands were"
430 PRINT "estimated by G.R. Foster and K.G. Renard, both of 
USDA-ARS"
44 0 PRINT "The 7LS ' factor or slope length and steepness 
factor is based on"
450 PRINT "interactions between slope length and steepness and 
was quantified"
460 PRINT "for rangelands by D.K. McCool and G.R. FosterT 
both of USDA-ARS"
47 0 PRINT "**** Press any key to continue * * * *"
480 DUMMY$=INPUTS(1)
49 0 CLS: PRINT TAB(25);"For additional information contact :"
500 PRINT : PRINT TAB(2 5);"K .G .Renard, Research Leader"
510 PRINT TAB(25);"Aridland Watershed Mgt. Res. Unit"
520 PRINT TAB(25);"USDA-Agricultural Research Service"
530 PRINT TAB(25);"2000 E. Allen Rd. Tucson, Az, 85719"
540 PRINT : PRINT "User inputs are: Field location (Latitude & 
Longitude),"
550 PRINT "Soil properties (particle size, % organic matter, 
soil structure,"
560 PRINT "and permeability), field vegetation canopy cover, 
ground surface"
57 0 PRINT "cover, management system or use, roughness, and 
productivity"
580 PRINT:PRINT "If erosion control practices are used, their 
effects are"
590 PRINT "also considered in the soil loss estimate."
600 PRINT : PRINT
610 INPUT "Are you ready to enter the field data (Y/N)";TT$
620 IF (TT$<> "Y ") AND (TT$<> "y") THEN END 
6 30 CLEAR 
640 CLS
650 REM INPUT LATITUDE AND LONGITUDE
660 PRINT " ******************** RAINFALL FACTOR
* * * * * * * * * * * * * * * * * * * * * 11
670 PRINT:PRINT 
680 GOTO 720
69 0 PRINT CHR$(7): PRINT "YOUR LAT. and/or LONG. ARE BEYOND 
APPLICABLE LIMITS"
700 PRINT " OR THE CALCULATED 7R 7 IS = OR LESS THAN 0. "
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710 PRINT:PRINT
7 20 PRINT " The RAINFALL FACTOR can be entered directly or 
calculated from "
730 PRINT "LATITUDE or LONGITUDE (Range LA=25-50 North, 
LO=65-l25 West)"
740 PRINT:INPUT "Enter your RAINFALL FACTOR ( 0 if unknown)";R 
750 IF R >0 GOTO 1030
76 0 PRINT : INPUT "Enter your LATITUDE (North)in degrees";LA 
770 PRINT:INPUT "Enter your LONGITUDE (West)in d e g r e e s L O :CLS
780 PRINT "Your LATITUDE is "; LA;"degrees and"
790 PRINT : PRINT "Your LONGITUDE is ";LO;"degrees."
800 PRINT : INPUT "Are these correct (Y/N)";C$
810 IF (C$<>"Y") AND (C$<>"y") GOTO 650
8 20 REM CALCULATE R VALUES FOR REGIONAL AREA 
830 IF LO <65 GOTO 690
840 IF LO >125 GOTO 690 
850 IF LA <25 GOTO 690 
860 IF LA >50 GOTO 690 
870 IF LO <= 95 GOTO 990 
880 IF LO <=104 GOTO 1020
890 PRINT "For areas west of Long. 104, the 2yr-6hr
precipitation has been"
900 PRINT "used successfully to estimate yearly rainfall
erosivity (R)."
910 PRINT:INPUT "Enter your 2yr-6hr precipitation depth (in 
inches)";P2 
920 CLS
930 PRINT "Your 2yr-6hr precpitation depth is ";P2;"inches"
940 PRINT:INPUT "Is this the correct depth (Y/N)";C$
950 IF (C$<>"Y") AND (C$<>"y") GOTO 910 
960 R=P2/X1 .62*27 . 23 
970 GOTO 1030
980 REM CALCULATE R FOR LONG <=95 
990 R=971.2+(-25.12*LA) + (2.7*LO)
1000 GOTO 1030
1010 REM CALCULATE R FOR LONG <=104
1020 R=2610.3 + (-9.8 * LA) + (-20.98 * LO)
1030 IF R=<0 GOTO 690
1040 IF (DD$ ="Y ") OR (DD$="y") GOTO 4200 
1050 CLS
1060 REM CALCULATE LS FACTOR
1070 PRINT " ********************** LS FACTOR
* * * * * * * * * * * * * * * * * * * * * * ”
1080 PRINT : PRINT
1090 PRINT "Field length and slope are used to calculate the 
LS Factor."
1100 PRINT "Upper limits are 800ft LENGTH and 50% SLOPE." 
1110 PRINT :GOTO 1130
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1120 PRINT CHR$(7 ) : PRINT "YOUR LENGTH IS LESS THAN 0 OR 
GREATER THAN 800 ft"
1130 PRINT : INPUT "Enter SLOPE LENGTH in feet";L
1140 IF L=0- THEN PRINT CHR$(7): PRINT "YOUR HAVE NO FIELD SO
DON'T USE USLE": END
1150 IF L> 800 OR L<0 THEN 1120 ELSE 1170
1160 PRINT CHR$(7): PRINT "YOUR STEEPNESS IS LESS THAN 0 OR
GREATER THAN 50 %"
1170 PRINT:INPUT "Enter the SLOPE STEEPNESS in percent";SP
1180 IF SP> 50 OR SP<0 GOTO 1160
1190 CLS
1200 PRINT "You have a ";SP;"% field SLOPE that is ";L;"feet 
LONG."
1210 PRINT:PRINT:INPUT "Is this correct (Y/N)";CC$
1220 IF (CC$<>"Y") AND (CC$<>"y") GOTO 1060 
1230 Q=SP/100 
1240 S=SIN(ATN(Q ))
1250 IF L< 15 THEN SL=(15/7 2.6 )".335:GOTO 1320 
1260 B=.5*((S/8.959999E-02)/(2.96*(SA.79)+.56))
1270 M=B/(1+B)
1280 SL=(L/7 2.6)
1290 IF SP<8 THEN SS=10*S+.027 
1300 IF SP>=8 THEN SS= 17.2 *S -.55 
1310 GOTO 1330 
1320 SS=3*(S~.8)+.56 
1330 LS=SL*SS
1340 IF (EE$ ="L ") OR (EE$ = "1") GOTO ‘3880 
1350 CLS
1360 IF (DD$= "Y") OR (DD$="y") GOTO 4200 
1370 REM CALCULATE K
1380 PRINT " ****************** SOIL ERODIBILITY
* * * * * * * * * * * * * * * * * * *  »
1390 PRINT : PRINT
1400 PRINT "Soil erodibility (K) is calculated using 5 soil 
properties."
1410 PRINT "These properties are: The sum of % silt and very 
fine sand, "
14 20 PRINT " % clay, % organic matter, soil structure, and soil 
permeability."
1430 PRINT
1440 INPUT "Enter your soil's 'K ' value ( 0 if unknown)";K
1450 IF K< 0 THEN PRINT CHR$(7) : PRINT "K NEEDS TO BE GREATER
THAN 0":GOTO 1440
1460 IF K > 0 GOTO 1990
1470 GOTO 1490
1480 PRINT CHR$(7) : PRINT "THE SUM OF SILT,VF SAND, AND* CLAY
15 MORE THAN 100%"
1490 PRINT : INPUT "Enter the sum of % silt and very fine sand 
(0.1-.05mm)";SS
1500 IF SS <0 THEN PRINT CHR$(7) : PRINT "SUM NEEDS TO BE MORE 
THAN 0":GOTO 1490
1510 PRINT : INPUT "Enter the % clay";CC
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1520 IF CC<0 THEN PRINT CHR$ ( 7 ) : PRINT " % NEEDS TO BE MORE THAN 
0":GOTO 1510
1530 IF SS+CC >100 GOTO 1480
154 0 PRINT ; INPUT "Enter the % organic matter";OM 
1550 IF OM<0 OR OM>100 THEN PRINT CHR$ ( 7 ) : PRINT 
RANGE":GOTO 1540 
1560 GOTO 1580 
1570 PRINT CHR$(7): PRINT 
1-4 RANGE"
1580 PRINT:PRINT "Choose 
codes :"

PRINT TAB(20);"1— VERY FINE GRANULAR"
TAB(20);"2— FINE GRANULAR"
TAB(20);"3— MEDIUM OR COARSE GRANULAR"

4— BLOCKY,PLATY OR MASSIVE"
Enter the code number of your

"OM OUT OF

"YOUR STRUCTURE CODE IS NOT IN THE 
from the following soil structure

1590
1600
1610
1620
1630

PRINT:
PRINT 
PRINT
PRINT TAB(20)
PRINT:INPUT 

structure";B 
1640 B=INT(B )
1650 IF B<1 OR B>4 THEN 
1660 PRINT:GOTO 1680 
1670 PRINT CHR$(7): PRINT 
1-6 RANGE"

"Choose from

soil

1570
"YOUR PERMEABILITY CODE IS NOT IN THE
the following permeability codes : 

1— RAPID": PRINT TAB(20);"2— MODERATE TO
1680 PRINT 
1690 PRINT 
1700 PRINT TAB (20);
RAPID"
1710 PRINT TAB(20)
MODERATE"
17 20 PRINT TAB(20);"5 —  SLOW": PRINT TAB(20);"6— VERY SLOW" 
1730 PRINT
1740 INPUT "Enter 
permeability"; PM 
1750 PM=INT(PM)

IF PM<1 OR PM>6 
CLS
PRINT "The following soil properties characterize your

1760
1770
1780
soil
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930

3— MODERATE": PRINT TAB(2 0);"4 —  SLOW TO

the code number of your soil's

THEN 1670

PRINT:PRINT "SILT AND VERY 
PRINT "CLAY 
PRINT "ORGANIC MATTER
IF B=1 THEN BB$="1---VERY

B=2 THEN BB$—"2---FINE
B=3 THEN BB$="3---MEDIUM OR COARSE
B=4 THEN BB$ = "4---BLOCKY,PLATY f OR

=";S S ;"%

IF
IF
IF
IF
IF
IF
IF
IF
IF

FINE SAND
= ";C C ;"% "
=";O M ;"%"

FINE GRANULAR" 
GRANULAR"

GRANULAR 
MASSIVE"

PM=1 THEN PM$ = " 1---RAPID"
PM=2 THEN PM$=" 2---MODERATE TO RAPID"
PM=3 THEN PM$= " 3---MODERATE"
PM=4 THEN PM$ = " 4---SLOW TO MODERATE"
PM=5 THEN PM$ = " 5---SLOW"
PM=6 THEN PM$="6-VERY SLOW"

PRINT "SOIL STRUCTURE = ";BB$
PRINT "SOIL PERMEABILITY = ";PM$
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1940 PRINT:INPUT "Are these your soil properties (Y/N)";CCC$
1950 IF (CCC$<> "Y ") AND (CCC$<>"y") GOTO 1430 
1960 T=SS*(100-CC)
1 9  7 0
K=(((2.1*(T)yx1.14)*.0001)*(12-OM)+(3.25*(B-2))+2.5*(PM-3))/100
1980 IF K<0 THEN K=.001
1990 IF (DD$ ="Y ") OR (DD$="y") GOTO 4200
2000 REM CALCULATE C VALUES FOR RANGELAND USING SUBFACTORS 
2010 CLS
2020 PRINT "********** COVER AND MANAGEMENT FACTOR FOR RANGE 
* * * * * * * * * * *  "
2030 PRINT : PRINT
2040 PRINT "Percent and average height of vegetation cover, 
the root mass"
2050 PRINT "in the top 4 inches of soil, and the percent rock, 
gravel, litter,"
2060 PRINT "vegetation on the ground surface are needed to 
calculate rangeland"
207 0 PRINT "cover and management (C) factors."
2080 IF (EE$ ="C") OR (EE$="c") GOTO 4500 
2090 GOTO 2110
2100 PRINT CHR$(7) : PRINT "COVER CAN NOT BE LESS THAN 0"
2110 PRINT:INPUT "Enter the PERCENT VEGETATION CANOPY 
COVER";FCC
2120 IF FCC < 0 GOTO 2100
2130 IF (W$="C") OR (W$="c") GOTO 3270
2140 GOTO 2180
215 0 PRINT CHR$(7): PRINT "HEIGHT CAN NOT BE LESS THAN 0": PRINT 
2160 GOTO 2180
217 0 PRINT CHR$ ( 7 ) : PRINT "0 % CANOPY CAN NOT HAVE
HEIGHT— ENTER 0 FOR HEIGHT"
2180 PRINT:INPUT "Enter the AVERAGE CANOPY HEIGHT (in 
feet)";HH: PRINT
2190 IF FCC=0 THEN 2200 ELSE 2210 
2200 IF HH >0 GOTO 2170 
2210 IF HH < 0 GOTO 2150
2220 IF (W $  = "H" ) OR (W$="h") GOTO 3270
2230 PRINT : PRINT "ROOT MASS in top 4 inches of soil can be 
entered directly"
2240 PRINT "or can be calculated from above and below ground 
biomass data."
2250 GOTO 2270
2260 PRINT CHR$(7) : PRINT " ROOT MASS CAN NOT BE LESS ’ THAN 
0": PRINT
2270 PRINT:INPUT "Enter ROOT MASS (lbs/ac) in top 4 in. or 1
if unknown";RSS
2280 IF RSS < 0 GOTO 2260
2290 IF RSS = 0 GOTO 3040
2300 IF RS5= 1 GOTO 2380
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2310 IF FCC= 0 GOTO 2320 ELSE 3040 
2320 PRINT : PRINT
2 33 0 PRINT "There is 0 % canopy cover so this belowground 
biomass indicates"
2340 PRINT "the results of a catastrophic event (fire, 
cleared, harvest) in"
2350 PRINT "the near past or that the vegetation is in direct 
ground contact."
2360 PRINT:INPUT "IS THIS THE SITUATION (Y/N)";S$
2370 IF (S$ = "Y") OR (S$="y") GOTO 3040
2380 CLS
2390 GOTO 2410
2400 PRINT CHR$ ( 7 ) : PRINT "BIOMASS CAN NOT BE LESS THAN 
0": PRINT
2410 PRINT : INPUT "Enter Total aboveground biomass (lbs/ac)";AB
2420 IF AB < 0 GOTO 2400
2430 IF AB = 0 THEN RSS= 0: GOTO 3080
2440 IF FCC=0 GOTO 2460 ELSE 2500
2450 IF FCC>0 THEN PRINT CHR$(7): PRINT "You indicated a canopy 
cover":GOTO 2410
24 6 0 PRINT: PRINT "There is 0 % canopy cover so the vegetation 
must be in "
2470 PRINT "direct ground contact."
2480 PRINT:INPUT "IS THIS THE SITUATION (Y/N)";Q$
2490 IF (Q$ = "Y") OR (Q$="y") GOTO 2500 ELSE 2410 
2500 PRINT : PRINT
2510 PRINT: PRINT " The ratio ( ie. 0.2, 2.0 ) of below to
above-ground biomass"
25 20 PRINT "and % of the below-ground biomass found in the top 
4 inches"
2530 PRINT "of soil are needed to calculate ROOT BIOMASS" 
2540 GOTO 2560
2550 PRINT CHR$(7): PRINT "RATIO CAN NOT BE LESS THAN 0": PRINT
2560 PRINT : INPUT "Enter the below to above ground ratio ( 0
if unknown )";RR
2570 IF RR < 0 GOTO 2550
2580 IF RR=0 GOTO 2610 ELSE 2940
2590 GOTO 2610
2600 PRINT CHR$(7): PRINT "THE TYPE NUMBER IS NOT IN THE 1-12 
RANGE"
2 610 PRINT : PRINT " Values for ratios and % have been 
determined for the "
26 20 PRINT "following vegetation types :"
2630 PRINT : PRINT " l--Northern mixed prairie"
2640 PRINT " 2--Tallgrass prairie"
2650 PRINT " 3--Shortgrass prairie"
2660 PRINT " 4— Desert grassland"
2670 PRINT " 5— Lehman lovegrass"
2680 PRINT " 6— Southeastern grasses and forbs"
2690 PRINT " 7--Sagebrush-bunchgrass"
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27 00 PRINT " 8--(Sagebrush) herbaceous interspaces"
2710 PRINT " 9--Cold desert shrubs"
27 20 PRINT "10--Sand shinnery oak"
27 30 PRINT "11— (Sand shinnery oak) herbaceous interspaces"
2740 PRINT "12--Southern desert shrubs"
2750 PRINT "13— Chaparral"
2760 PRINT:INPUT "Enter the number of the type most similar 
to yours";VT
2770 VT=INT(VT): IF VT < 1 OR VT > 13 GOTO 2600
2780 IF VT=1 THEN RPB=.381
2790 IF VT=2 THEN RPB=1.19
2800 IF VT=3 THEN RPB=1.3
2810 IF VT=4 THEN RPB=.916
2820 IF VT=5 THEN RPB=1.7 2
28 30 IF VT=6 THEN RPB=.27 6 
2840 IF VT=7 THEN RPB=10.9 
2850 IF VT=8 THEN RPB=3.6 3 
2860 IF VT=9 THEN RPB=2.687 
2870 IF VT=10 THEN RPB=4.64 
2880 IF VT=11 THEN RPB=2.41 
28 9 0 IF VT=12 THEN RPB=.694 
2900 IF VT=13 THEN RPB=.112 
2910 GOTO 3000
2920 GOTO 2940
2930 PRINT CHR$ ( 7 ) : PRINT " % IS LESS THAN 0 OR GREATER THAN 
1 0 0 "
2940 PRINT
2950 INPUT "Enter % below ground biomass in soil top 4 in. (0 
if unknown)";BG
2960 IF BG < 0 OR BG > 100 GOTO 2930
2970 IF BG=0 GOTO 2610 ELSE 2980
2980 PB=BG/100
2990 GOTO 3020
3000 RSS=(AB*RPB)/4
3010 GOTO 3050
3020 RSS =(AB*RR*PB)/4
3030 GOTO 3050
3040 RSS=RSS/4
3050 IF (W $ =  "R " ) OR (W$="r" ) GOTO 3270 
3060 GOTO 3080
3070 PRINT CHR$(7) : PRINT "SURFACE COVER CAN ONLY RANGE FROM 
0-100 %"
3 0 8 0 PRINT:INPUT"Enter TOTAL OF surface %
ROCK,GRAVEL,LITTER,and VEGETATION";MM
3090 IF MM <0 OR MM>100 GOTO 3070
3100 IF (W$ = "S") OR ( W $ =  " s " ) GOTO 3270
3110 PRINT:PRINT "ROUGHNESS VALUES ASSOCIATED WITH FIELD 
CONDITIONS"
3120 PRINT : PRINT "CROPLAND-----MOLDBOARD PLOW = 30"
3130 PRINT "CROPLAND DISK = 18"
3140 PRINT "CROPLAND CULTIVATOR = 15"
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315 0 PRINT "CROPLAND PLANTER = 10"
3160 PRINT "CROPLAND---------------SMOOTH = 6 "
317 0 PRINT "RANGELAND-----NATURAL SHRUB = 20"
3180 PRINT "RANGELAND CLEARED = 17"
319 0 PRINT "RANGELAND------------- PITTED = 27"
3200 PRINT "RANGELAND— CLEARED & PITTED = 25"
3 210 PRINT "RANGELAND-------- ROOT-PLOWED = 32"
3220 PRINT "RANGELAND-----CLIPPED & BARE = 14"
3230 GOTO 3250
3240 PRINT CHR$ ( 7 ) : PRINT "ROUGHNESS CAN NOT BE LESS THAN 
0": PRINT
3250 PRINT:INPUT "Enter roughness value for your field
condition";RB
3260 IF RB < 0 GOTO 3240
3270 CLS
3280 PRINT "The following cover conditions characterize your 
field :"
3 29 0 PRINT : PRINT : PRINT "VEGETATION CANOPY COVER =";FCC;"%"
3300 PRINT : PRINT "AVERAGE CANOPY HEIGHT =";HH;"feet"
3310 PRINT:PRINT "ROOT MASS IN TOP 4 INCHES OF SOIL
=";RSS;"lbs/ac/in"
3320 PRINT:PRINT "Surface ROCK, GRAVEL, LITTER, and VEGETATION 
=";MM;"%"
3 3 30 PRINT:PRINT "ROUGHNESS VALUE ="RB
3340 PRINT : INPUT "Are these the correct cover conditions
(Y/N)";C$
3350 IF (C$<> "Y") AND (C$<>"y") GOTO 2080 
3360 FC=FCC/100: H=HH*.3048 
3370 RS=RSS*.0442 : M=MM/100 
3380 EX=2.718
3390 PLU=.4*(EX~(-.012*RS))
3400 PC=1-(FC*(EX~(-.34*H)))
3410 SC = EX'S ( -4 *M)
3420 SR=EX"(-.026*(RB-6)*(1-EX"(-.035*RS)))
3430 C=PLU*PC*SC*SR
3440 IF (DD$ ="Y ") OR (DD$="y") GOTO 4200 
3450 REM DETERMINE P VALUES FOR EROSION CONTROL 
3460 CLS
3470 PRINT "*************** EROSION CONTROL PRACTICE 
* * * * * * * * * * * * * * * 11
3480 PRINT:PRINT "Erosion control practices have been used on 
rangelands"
3490 PRINT "and some 'P' values are known for those 
practices.": PRINT
3500 PRINT "THE FOLLOWING 'P ' VALUES HAVE BEEN DEVELOPED FOR 
THESE PRACTICES"
3510 PRINT:PRINT TAB(5);"PRACTICE P
VALUE"
3520 PRINT : PRINT TAB(5); "CONTOUR (1-16 % SLOPE)
0.60"
3530 PRINT TAB(5);"CONTOUR (17-25 % SLOPE) 0.85"
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3540 PRINT TAB(5); 
3550 PRINT TAB(5); 
3560 PRINT TAB(5); 
3570 PRINT TAB(5); 
3580 PRINT 
3590 GOTO 3610 
3600 PRINT CHR$(7) 
THAN 1": PRINT 
3610 INPUT "Enter 
if unknown )";P 
3620 IF P<0 OR P>1 
3630 IF P <> 0 GOTO 
3640 GOTO 3660 
365 0 PRINT CHR$(7) 
RANGE": PRINT 
36 6 0 PRINT:PRINT "The 
found after"

"TERRACE (SOD CHANNEL OUTLETS) 
"TERRACE (UNDERGROUND OUTLETS) 
"ROOTPLOW ON CONTOUR 
"NO PRACTICE

0.14" 
0 . 05" 
0.13" 
1 .00"

3670 PRINT "erosj
3680 PRINT
3690 PRINT "CODE
3700 PRINT " 1
3710 PRINT " 2
3720 PRINT " 3
3730 PRINT " 4
3740 PRINT " 5
3750 PRINT " 6
3760 PRINT " 7
3770 PRINT " 8
3780 PRINT " 9
3790 PRINT " 10
3800 PRINT " 11
3810 PRINT " 12

3820 PRINT " 13
3830 PRINT " 14
3840 PRINT " 15
3850 PRINT: INPUT

: PRINT "P CAN NOT BE LESS THAN 0 OR MORE
P' value of practice similar to yours ( 0
GOTO 3600 
4170
PRINT "YOUR NUMBER IS NOT IN THE 1-15
following examples represent conditions 

practices have been implemented."control

DESCRIPTION": PRINT 
Slight roughness, normal runoff"
Slight roughness, reduced runoff"
Slight roughness, slight runoff" 

Moderate roughness, normal runoff" 
Moderate roughness, reduced runoff" 
Moderate roughness, slight runoff"
Quite rough, normal runoff"
Quite rough, reduced runoff"
Quite rough, slight runoff"
Normal roughness, reduced runoff"
Normal roughness, slight runoff"
Normal roughness, 90% runoff reduction"
Slight roughness, 90% runoff reduction"

Moderate roughness, 90% runoff reduction"
Quite rough, 9 0% runoff reduction"

Enter code number of field condition similar
to yours";PP
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960

PP = INT(PP): IF PP <1 OR PP > 15 GOTO 3650
IF SP=O THEN SP=.001
IF PP=1 GOTO 3900
GOTO 3920
IF SP>=4 THEN P=1

SP<4 THEN P= .8 06 6+(.157 3*LOG(SP))
PP=2 THEN P=.44 
PP=3 THEN P=.2 
PP=4 GOTO 4070
PP=5 THEN P=.126 3+(.0954*LOG(SP))
PP=6 THEN P=.1

IF
IF
IF
IF
IF
IF
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3970 IF PP=7 GOTO 4110
3980 IF PP=8 THEN P=.0691*(EXA(.0346*SP))
3990 IF PP=9 THEN P=.06
4000 IF PP=10 GOTO 4150
4010 IF PP=11 THEN P=.2
4020 IF PP=12 THEN P=.15
4030 IF PP=13 THEN P=9.000001E-02
4040 IF PP=14 THEN P=.04
4050 IF PP=15 THEN P=.01
4060 GOTO 4170
4070 IF SP<=4 THEN P=.3976*(SP~-.1962)
4080 IF SP>=4 THEN P=.037*(SP^l.5134)
4090 IF SP>8 THEN P=.6189*(SP".1682)
4100 GOTO 4170
4110 IF SP<=4 THEN P=.1701+(.044*LOG (SP))
4120 IF SP>4<=15 THEN P=9.839999E-02+(.0335*SP)
4130 IF SP>15 THEN P=.0622+(.2*LOG(SP))
4140 GOTO 4170
4150 IF SP <=7 THEN P=.6949*(SPA -.0816)
4160 IF SP >7 THEN P=.8493*(SP"-.1832)
4170 IF P<0 GOTO 3600
4180 IF P>1 THEN P=1
4190 REM CALCULATE SOIL LOSS "A"
4200 A=R*LS*K*C*P 
4210 CLS
4220 PRINT "****************** RESULTS
* * * * * * * * * * * * * * * * * * * * * * * * * * m

4230 PRINT
4240 PRINT "SOIL LOSS (A) FOR THIS FIELD IS " ;A; " 
tons/acre/yr"
4250 PRINT:
4 2 6 0  P R I N T
" * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  "

427 0 PRINT "Your rainfall factor (R) is ";R ;" ft tons/acre 
inch hour"
4280 PRINT : PRINT "The field slope-length (LS) factor is " ; LS
4290 PRINT : PRINT "The soil erodibility (K) factor is ";K 
4300 PRINT:PRINT "The cover and management (C) factor is ";C
4310 PRINT : PRINT "The erosion control practice (P) factor 
is" ;P
4320 PRINT: INPUT "DO YOU WANT TO ENTER ANOTHER DATA SET 
(Y/N)";DD$
4330 IF (DD$ = "Y ") OR (DD$="y") GOTO 4360 
4 34 0 END
4350 PRINT " You can change the following data :": PRINT 
4360 PRINT:PRINT " A = ALL DATA FOR THE NEW LOCATION"
4370 PRINT " R = LAT. & LONG. FOR RAINFALL ENERGY
CALCULATION"
4 380 PRINT " L = SLOPE LENGTH AND STEEPNESS FOR CURRENT



T-3563 109
LOCATION"
4390 PRINT " K = SOIL ERODIBILITY FOR CURRENT LOCATION" 
4400 PRINT " C = COVER & MANAGEMENT FOR CURRENT LOCATION"
4410 PRINT " P = EROSION CONTROL PRACTICE FOR CURRENT
LOCATION"
4420 PRINT : INPUT "Enter the letter of the data to change";EE$
4430 CLS
4440 IF (EE$= "A" ) OR (EE$="a" THEN DD$="N" :GOTO 640
4450 IF (EE$= "R" ) OR (EE$="r " GOTO 640
4460 IF (EE$= "L ") OR (EE$="1" GOTO 1060
4470 IF (EE$= "K" ) OR (EE$="k" GOTO 1370
4480 IF (EE$= "C" ) OR (EE$="c" GOTO 4510
4490 IF (EE$= h p ii) OR (EE$="p " GOTO 3450
4500 CLS
4510 PRINT "You can change the following data : "
4520 PRINT:PRINT "A = ALL COVER FOR LOCATION"
4530 PRINT "C = % VEGETATION CANOPY COVER"
4540 PRINT "H = AVERAGE CANOPY HEIGHT (ft)"
4550 PRINT "R = ROOT MASS (lbs/ac) IN TOP 4 in. OF SOIL"
4560 PRINT "S = % ROCK, GRAVEL , LITTER, VEGETATION ON GROUND
SURFACE"
4570 PRINT "V = FIELD ROUGHNESS"
4580 PRINT:INPUT "Enter the letter of the appropiate
category" ;W $
4590 CLS
4600 IF ( W $  = "A" ) OR ( W $  = "a" ) THEN EE$= "N" : GOTO 2020
4610 IF (W$ = "C" ) OR ( W $  = " c " ) GOTO 2110
4620 IF ( W $  = "H" ) OR ( W $  = "h" ) GOTO 2180
4630 IF (W$ = "R" ) OR (W$="r" ) GOTO 2270
4640 IF (W$ = "S" ) OR ( W$="s " ) GOTO 3080
4650 IF (W$ = "V" ) OR ( W $  = "v" ) GOTO 3110
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Appendix II 
The slope length algorithm source code.
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C$ JOB 
C
C— *— SLOPE LENGTH PROGRAM 
C
C DATE - 6-81
C PROGRAMMERS: T. STREICH & M. SPANNER
C
C GEOGRAPHY REMOTE SENSING UNIT
C DEPARTMENT OF GEOGRAPHY, U.C.S.B.
C
C
C DICTIONARY OF VARIABLES
C
C BUFFER - ARRARY OF INPUT ELEVATION VALUES
C NL - NUMBER OF LINES IN BUFFER
C NS - NUMBER OF SAMPLES IN BUFFER
C VU - NUMBER OF VERTICAL UNITS/PIXEL
C HU - NUMBER OF HORIZONTAL UNITS/PIXEL
C

INTEGER*2 BUFFER (46000),OBUF (194)
COMMON /DISTM/ DIST (9),SLOFF(9),ZOFF(9)

C
C— *— INVALIDATE EDGE PIXELS 
C

DO 10 1=1,46000 
10 BUFFER (I) = -32

C
C— *— READ NL,NS,IMAGE 
C

READ (5,1000,ERR= 800,END=9 0 0) NL,NS,VU,HU 
NL = NL + 2 
NS = NS + 2

C
C— *— SET-UP TABLE OF DISTANCES WITHIN 3X3 WINDOW 
C

**2 + HU **2)DIST1 = SORT (VU
DIST2 = HU
DIST3 = VU
DIST (1 ) = DIST1
DIST (2 ) = DIST3
DIST (3) = DIST1
DIST (4) — DIST2
DIST (5) = 1
DIST (6 ) = DIST2
DIST (7) = DIST1
DIST (8 ) = DIST3
DIST (9) = DIST1
SLOFF1 (VU**2 +
SLOFF2 = HU[**2
SLOFF3 = VU[**2
SLOFF(l) = SLOFF1
SLOFF(2) = SLOFF3

111
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SLOFF(3) = SLOFF1
SLOFF(4) = SLOFF2
SLOFF(5) = 0
SLOFF(6 ) = SLOFF2
SLOFF(7) = SLOFF1
SLOFF(8 ) = SLOFF3
SLOFF(9) = SLOFF1
CALL BUFIN (BUFFER,NL,NS)
CALL SLOPPY (BUFFER,NL,NS,OBUF)
WRITE (6,2000)
STOP

C
C— *— ERR ON INPUT 
C

800 WRITE (6,2010)
STOP

C
C— *— EOD ON INPUT 
C

900 WRITE (6,2020)
STOP

1000 FORMAT (2I5,2F5.O)
2000 FORMAT (1H1,5X,'PROCESSING TERMINATED NORMALLY')
2010 FORMAT (5X,'PERMANET I/O ERROR ON INPUT')
2020 FORMAT (5X,'END OF DATA ON INPUT')

END
SUBROUTINE BUFIN (BUF,NL,NS)

C
C— *— ROUTINE TO READ AN NL BY NS IMAGE ARRAY 
C

INTEGER*2 BUF (NS,NL)
NLM1 = NL - 1 
NSM1 = NS - 1 
DO 10 J=2,NLM1

READ (8 ,1000,ERR=100,END=200) (BUF(I,J ),I=2,NSM1)
C WRITE (6,2020) (BUF(I,J ),1=1,NS)

10 CONTINUE 
RETURN 

100 WRITE (6,2000)
STOP

200 WRITE (6,2010)
STOP

1000 FORMAT (192A2)
2000 FORMAT (5X,'PERMANET I/O ERROR ON READING ARRAY') 
2010 FORMAT (5X,'ARRAY IS BIGGER THAN YOU SAID')
2020 FORMAT (IX,2614)

END
SUBROUTINE SLOPPY (BUF,NL,NS,OBUF)

C
C— *— ROUTINE TO COMPUTE SLOPE LENGTH 
C
C DICTIONARY OF VARIABLES
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C
C MAX - MAXIMUM ELEVATION OF SURROUNDING VALID CELLS
C MCOUNT - NUMBER OF VALID SURROUNDING CELLS WITH MAX

VALUE
C MDIR - DIRECTION OF SLOPE LENGTH
C MHEIGT - HEIGHTS OF CELLS IN SURROUNDING 3X3 WINDOW
C MCELLS - ASPECTS OF SURROUNDING CELLS WITH MAX VALUE
C LOFF - OFFSETS FOR INDEXING DOWN THE LINES BASED ON

ASPECT
C SOFF - OFFSETS FOR INDEXING ALONG A LINE BASED ON

ASPECT
C

INTEGER*2 BUF (NS,NL),OBUF(NS)
COMMON /SLOPER/ SMAX,MCOUNT,MDIR,SHEIGT(9)
COMMON /DISTM/ DIST (9),SLOFF(9),ZOFF(9)
DIMENSION MCELLS(9,3)
INTEGER*2 LOFF(9) /-I,-1,-1,0,0,0,1,1,1/
INTEGER*2 SOFF(9) /-I,0,1,-1,0,1,-1,0,1/
NLM1 = NL - 1 
NSM1 = NS - 1 
NWIN = 10 
DO 10 J=1,NS 

10 OBUF (J) = -9 9
C
C— *— LOOP FOR EACH ROW IN THE ARRAY 
C

DO 800 J = 2,NLM1
C
C —  * LOOP FOR EACH COLUMN IN THE ARRARY
C

DO 700 1=2,NSM1 
SLEN = 0.0 
J J — J 
II = I 
MDIR = 5

C
C— *-------- LOOP FOR WINDOW
C

DO 600 L=1,NWIN 
NDIR = MDIR

100 CALL SELECT (BUF,NL,NS,II,JJ,MCELLS)
IF (MCOUNT .GT. 1) GOTO 200 

110 SLEN = SLEN + SQRT (ZOFF (MDIR) + SLOFF (MDIR))
C WRITE (6,17) L,II,JJ-1,MDIR
C 17 FORMAT ( 5X, ' L= ' , 15 , ' SAMPLE= ' , 15 , ' LINE=,,,I5, ' 
DIRECTION^,15)

GOTO 500
C
C —  *----------- ANY CHANCE A CANDIDATE IS IN A STRAIGHT LINE?
C
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200 IF (L .EQ. 1) GOTO 220

DO 210 K=l,9
IVAL = MCELLS (K,3)
IF (IVAL .NE. NDIR) GOTO 210 
MDIR = IVAL 
GOTO 110 

210 CONTINUE
C
C— *----------- DIDN'T THINK SO, CHECK ON POSSIBILITY OF
PREVIEW
C
C 220 WRITE (6,2000) II,JJ-1,MCOUNT,MDIR

220 CONTINUE
IF (IP .EQ. 1) GOTO 110 
IP = 1
CALL PREVEW (BUF,NL,NS,11,JJ,MC ELLS)
NDIR = MDIR
II = II + SOFF(MDIR)
JJ = JJ + LOFF(MDIR)
CALL SELECT (BUF,NL,NS,II,JJ,MCELLS)
MDIR = NDIR 
GOTO 110

C
C —  *-----------MOVE TO STEEPEST CELL
C

500 II = II + SOFF(MDIR)
JJ = JJ + LOFF(MDIR)

600 IP = 0
700 OBUF(I) = SLEN + 0.5

CALL BUFOUT (OBUF(2),NS-2)
800 CONTINUE 

RETURN
2000 FORMAT (5X,'CONFLICT SAMPLE=',15,' LINE=,,I5,/

MCOUNT=',15,15)
END
SUBROUTINE BUFOUT (IBUF,NS)

C
C— *— ROUTINE TO PRINT OUT SLOPE IMAGE 
C

INTEGER*2 IBUF (NS)
WRITE (10,2000) IBUF 
RETURN 

2000 FORMAT (194A2)
END
SUBROUTINE SELECT (BUF,NL,NS,I,J ,MCELLS)

C
C— *— ROUTINE TO SELECT THE CELL IN THE 3X3 WINDOW WITH MAX
SLOPE
C

COMMON /DISTM/ DIST (9),SLOFF(9),ZOFF(9)
COMMON /SLOPER/ SMAX,MCOUNT,MDIR,SHEIGT(9)
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INTEGER*2 BUF (NS,NL)
DIMENSION MCELLS(9,3)
INTEGER*2 LOFF(9) /-I,-1,-1,0,0,0,1,1,!/ 
INTEGER*2 SOFF(9) /-I,0,1,-1,0,1,-1,0,1/

— *— 3 x 3 WINDOW TO COMPUTE MAXIMUM UPHILL SLOPE
1ST = 1 - 1  
JST = J - 1 
ILST = 1 + 1  
JLST = J + 1 
NTEMP = BUF (I,J)
DO 10 K = 1,9 
ZOFF (K) = 0.0 

10 SHEIGT (K) = -1 
K = 0
SMAX = 0.0
DO 200 JJ = JST,JLST

DO 100 II = 1ST,ILST 
K = K + 1
MTEMP = BUF (II,JJ)
ZTEMP = MTEMP - NTEMP 
STEMP = ZTEMP / DIST (K)
IF (ZTEMP .EQ. 0.0) GOTO 100 
IF (STEMP .LT. SMAX) GOTO 100 
SMAX = STEMP 
SHEIGT (K) = STEMP 
ZOFF (K) = ZTEMP * ZTEMP 

100 CONTINUE 
200 CONTINUE

— *— DETERMINE NUMBER OF CELLS WITH MAX VALUE
MDIR = 5 
MCOUNT = 0
IF (SMAX .LE. 0.0) GOTO 300 
DO 250 K = 1,9

MCELLS (K,3) = 0
IF (SHEIGT (K) .LT. SMAX) GOTO 250 
MDIR = K
MCOUNT = MCOUNT + 1
MCELLS (MCOUNT,1) = I + SOFF (K)
MCELLS (MCOUNT,2) = J + LOFF (K)
MCELLS (MCOUNT,3) = K

250 CONTINUE 
300 RETURN 

END
SUBROUTINE PREVEW (BUF,NL,NS,II,JJ,MCELLS)

D I M E N S I 
IC(9),TH(9),IK(9),SH(9),Z(9),MCELLS(9,3),MC(9,3) 

INTEGER*2 BUF (NS,NL)

115
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C DICTIONARY OF VARIABLES
C
C TH - ARRAY OF MAX SLOPES RETURNED BY SELECT
C IK - DIRECTION OF SLOPES IN TH
C

COMMON /SLOPER/ SMAX,MCOUNT,MDIR,SHEIGT(9)
NDIR = MDIR 
TMAX = 0.0 
NCOUNT = 0 
DO 10 K=1,9

TH (K) = 0.0 
IK (K) = 0 
IC (K) = 0 

10 CONTINUE
IDUM = MCOUNT

C
C— *— LOOP THROUGH ALL CONFUSION CASES 
C

DO 50 1=1,IDUM 
C WRITE (6,3333) MCELLS(1,1),MCELLS(I,2)-1,MDIR

CALL SELECT (BUF,NL,NS,MCELLS(I,1),MCELLS(I,2),MC) 
3333 FORMAT (IX,'SAMPLE=',15,' LINE=',15,' DIRECTION^,15) 

IF (SMAX .LE. TMAX) GOTO 50
C
C —  *--- GOT A CANDIDATE
C

NCOUNT = NCOUNT + 1 
TMAX = SMAX 
LDIR = MDIR 
TH (NCOUNT) = SMAX 
IK (NCOUNT) = MDIR 
IC (NCOUNT) = I 

50 CONTINUE
IP = IC (NCOUNT)
IF (NCOUNT .LT. 2) GOTO 300 
NCOUNT = 0

C
C— *— FIND OUT HOW MANY CELLS HAV MAX SLOPE 
C

DO 100 L=1,9
SMAX = TH (L)
IF (SMAX .LT. TMAX) GOTO 100 
NCOUNT = NCOUNT + 1 
LDIR = IK (L)
IP = IC (L)

100 CONTINUE
IF (NCOUNT .EQ. 1) GOTO 300

C
C —  * —  PUNT 
C

STOP
C
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— *— FAROUT
300 MDIR = MCELLS (IP,3) 

RETURN 
END
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Appendix III 
The 2yr-6hr isopluvial map of Colorado.
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