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ABSTRACT 
This study examines the consequences of land use change to soil erosion at a 

broad scale using a Revised Universal Soil Loss Equation (RUSLE) adapted for GIS, and 
deposition at a local scale based on field measurements.  The primary study site, a 
campus forest/wetland property (Arboretum), serves as a learning resource for students in 
a variety of classes at Eastern Connecticut State University.  Recent clearing of forest for 
a housing subdivision (�  4.7 ha) adjacent to the Arboretum has resulted in significant 
erosion and sedimentation.  Detailed measurements (n > 150) of eroded sand thickness, 
and total station laser surveying data points (n >270) were imported into 3D modeling 
software to create sediment thickness maps and estimate the total sand volume (�  28 m3).  
Analysis of the results, indicate substantial spatial variability in the thickness and lateral 
extent of these deposits, particularly in the vicinity of a stone wall.  Sands are 
dramatically thicker, by a factor of 2 or more, on the up slope side of the wall where 
funneling also influences the distribution of sediments further down slope.  In addition to 
valley side deposits, two percussion core samples were recovered from a pond and 
wetland complex located down slope.  The cores indicate substantial contributions of 
sand from the construction site including redistribution well after initial deposition. 
The broader scale RUSLE/GIS is based on National Elevation Dataset 10 meter digital 
elevation model data, Department of Environmental Protection (DEP) soil and land use 
shapefiles and other runoff and management input derived from RUSLE website.  Results 
from the GIS analysis indicate soil loss amounts for the study site are mostly less than 5 
tons/acre/year although isolated areas have values as high as 59 tons/acre/year.  The 
arboretum sub-basin and surrounding land have higher expected soil loss than other sub-
basins primarily because of a combination of erodible soils and more erosive land 
management.  Following clear-cutting and construction of a new subdivision in 2004, 
RUSLE/GIS results indicate dramatic increases (31-50 tons/acre/year) in expected 
erosion yields near the arboretum.  This increase in soil loss appears to correspond with 
the deposition of sandy deposits like the one that was measured in detail in this study. 
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INTRODUCTION 
The Eastern Connecticut State University (ECSU) Arboretum serves as a learning 

resource for students in a variety of classes at ECSU, providing a natural setting for field 
investigations in biology, geology, and sustainable energy (Figure 1).  The knowledge 
obtained examining the arboretum helps students make the transition from the classroom 
to their professional fields.   

Given its location adjacent to the expanding urban fringe of Willimantic the 
habitat and physical environments of the Arboretum are influenced by population growth 
(Figure 2).  For example, recent construction of a housing development adjacent to the 
arboretum has reduced forest cover upslope from the west side of the property.  During 
construction, heavy rainstorms transported significant quantities of sediment into the 
Arboretum (Figure 3).  From a geologic perspective, it is important to understand the 
extent and magnitude of erosion and sedimentation caused by land use change. 
 The overriding purpose of this study is to develop a better understanding of 
erosion and sedimentation associated with land use change in and around the Arboretum.  
Initial steps in this direction form the basis for the specific objectives of this study.  These 
goals are to: 

1) Measure the distribution and thickness of a single runoff deposit near the 
construction site in order to estimate its volume and assess the spatial variability 
of the deposit; 

2) Describe qualitative characteristics of the sediment for the construction derived 
sediments; 

3) Develop a drainage-basin scale Revised Universal Soil Loss Equation (RUSLE) 
model of erosion based on present land-use patterns; and 

4) Describe key soil, slope, and land-use parameters from this model and assess 
whether the Arboretum property differs from associated drainage sub-basins. 

BACKGROUND  
A significant component of this study utilizes geographic information systems 

(GIS) to and in associated drainage basins.  I adopted a commonly used land management 
tool referred to as the Revised Universal Soil Loss Equation (RUSLE) for these purposes.  
The RUSLE model is explained briefly below.  RUSLE is a set of mathematical 
equations based on 10,000 plot years of data that predict sheet and rill erosion.  These 
equations provide estimates of erosion for sites where erosion has not been directly 
measured.   A fully operational RUSLE2 model, albeit not designed for direct use in a 
GIS environment, is available for downloading from the USDA agriculture research 
service (http://www.ars.usda.gov).  Descriptions of RUSLE2 are widely available 
(Renard et al 1994; U.S. Dept. of Interior, 2006) and the following provides a very simple 
description of the key elements of the model. 
The RUSLE equation is as follows: 
 

A = R * K * L * S * C * P 
 
where, as explained by the Institute of Water Research: 

·  A is the computed average annual soil loss per unit area expressed in 
tons/acre/year. 
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Figure 1: Dr. James A. Hyatt with an introductory Environmental Earth Science class in the arboretum. 

 

 
Figure 2: 1990 aerial photography of the Arboretum. Note encroaching residential development on west, 
south and east. Oval indicates location of recent 4.7 Hectare subdivision development. 

New Development 

Arboretum 
Property 
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Figure 3: Erosion and deposition of sediments following a large rainstorm in July 2004. 

 
·  R is the rainfall and runoff factor.  It is the measure of the average erosional force 

of storms over a 22 year period, derived from meteorological data.  This factor is 
in units of hundreds of feet*tonf*in./acre/h/year.  R values for this study are 
derived from the RUSLE2 website. 

·  K is the soil erodibility factor.  It is the combination of a soils susceptibility to 
erosion and the rate of runoff.  Soil texture, organic matter, structure, and 
permeability determine the erodibility of a particular soil in terms of 
tons/acre/year.  This study utilizes Soil Conservation Services (SCS) K values for 
Windham county. 

·  L is the slope length factor.  Slope length is the distance from the origin of 
overland flow along its flow path to the location of either concentrated flow or 
deposition.   It is a ratio of the soil loss at the actual slope length compared to that 
from a 22.1 m length with the same soil and slope angle. 

·  S is the slope steepness factor.  A ratio of the soil loss at the actual slope angle 
compared to soil loss at 9 percent slope with other conditions remaining the same.  
This study calculates slope length and slope steepness together following the 
methods of Engel (1999). 

·  C is the cover and management factor.  It is an indication of how well soil 
conservation management plans are working and how soil loss rates will be 
altered with changing management plans.  C values for this study are determined 
by analyzing land use, and determining appropriate C values from the RUSLE2 
program. 

·  P is the support practice factor.  It represents an erosion factor based on types of 
farming, mainly the ratio of soil loss due to strip cropping versus the soil loss 
from straight row farming.  This study, following the approach of others Pitt 
(2002) and Simms et al.(2002), uses a value of 1 for support practice factors, 
because no support practices are implemented and therefore are not consider in 
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reducing erosion.  Consequently, estimates of erosion should be considered upper 
limits. 

 
 In order to apply RUSLE to an area utilizing GIS it is necessary to define the 
parameters spatially.  Subsequent explanation in the computing methods section 
describes how RUSLE was adapted for use at the Arboretum. 

STUDY SITE 
Located on the north end of campus adjacent to Charter Oak Road, the arboretum 

serves ECSU students by providing a wildlife refuge for study.  This six acre area (Figure 
4) consists of a stream corridor, valley side slopes and a pond (Barry, 2003).  The stream 
that divides the arboretum flows from a 1.5 meter culvert (Figure 5) that drains runoff 
from about half of Eastern Connecticut State University’s main campus (Eastern 
Connecticut Environment Review Team, 1998).  After leaving the culvert, water flows in 
a meandering pattern northwest for approximately 550 meters until reaching a small pond 
(Figure 6) that is damned by an access road running perpendicular to the stream.  A 
culvert running under the access road allows water to escape and continue northeast 
toward Eaton’s Pond. 

 
Figure 4: A topographic map showing the path of the Arboretum stream north of ECSU’s campus then east 
to Eaton’s pond (adapted from USGS Willimantic Quadrangle map sheet). 
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Figure 5: Photograph of a Culvert introducing campus graywater to the Arboretum stream. 

 
 

 
Figure 6: Photograph of a damned pond at south-most end of the Arboretum property. 
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Topography, Geology, and Hydrology 
The arboretum ranges in elevations from 330 ft ASL, at the southern end, to an 

elevation of 260 feet at the arboretum pond (Figure 7).  This northwest trending valley is 
part of a larger drainage system that includes Eaton’s Pond draining eastward to the 
Natchaug River.  The drainage system is subdivided into 4 sub-basins based on 
topographic divides (Figure 8).  The drainage basin for the Arboretum, set with the 
Arboretum pond as the drainage exit point, is located within one of these sub basins. 

The underlying bedrock consists of metamorphic rock.  The southerly two thirds 
of the arboretum are underlain by a hornblende gneiss and associated mafic amphibolites, 
biotite schist and felsic biotite gneiss.  Bedrock beneath the northerly third of the 
arboretum consists of the Willimantic Gneiss, a light-colored, medium to coarse grained, 
felsic albite, alaskite or oligoclase quartz monzonite (Snyder, 1964). 

Surficial deposits in the arboretum are similar to many glacial sediments 
throughout Connecticut.  Along the west hillside abundant boulders attest to the presence 
of glacial till as mapped by Clebnik (1980) along with deposits of stratified drift on the 
east hillside and lesser amounts of fine-grained muck to the north of the pond (Figure 9). 

The arboretum is predominantly a wetland area with a stream that begins flowing 
out of the previously mentioned culvert.  At this initial point the primary source of water 
is the storm drain itself.  This stream has a typical width of � 1.5 m wide and channel 
depth of � 0.9 m during bank full conditions (Eastern Connecticut Environment Review 
Team, 1998).  In addition to stream flow, runoff is also derived from storm water rains 
from the end of Pigeon Road to the southwest and from several groundwater seeps 
(Figure 10).  These seeps result from groundwater flowing down gradient from west to 
east and reemerging at several locations west of the stream (Carlson, 1999). 

Vegetation, Soils, and Land use 
The Arboretum contains four vegetation classes.  First, deciduous wooded 

swamps growing along moderate slopes are dominantly Red Maple.  The wooded swamp 
extends from the southern most limits of the arboretum 305 meters northward.  Near the 
pond wooded swamps give way to a shrub swamp where the slope decreases to 1% and 
the canopy becomes denser.  Immediately adjacent to the pond deep marsh and open 
water areas are characterized by scattered aquatic grass and shrubs (Eastern Connecticut 
Environment Review Team, 1998). 

The USDA Soil Survey for Windham County indicates that Canton and Charlton 
fine sandy loam soils on varying slope are most abundant in the Arboretum.  Both Canton 
and Charlton soil series are well drained non-stoney to extremely stony soils that form in 
sandy glacial till derived from schist and gneiss (USDA, 1981).   Soils closest to the 
western housing development and to the south of the study site range in slope from 8 to 
15% with varying sandy to stony textures.   To the east where a new development is 
being established, soil slope classes are somewhat less steep, ranging from 3 to 8% 
gradients.  In addition to Canton and Charlton soils Gloucester extremely stony sandy 
loam’s prevalent along the eastern and western limits of the Arboretum.  Other minor soil 
types in the Arboretum include Ridgebury series along the stream channel and Carlisle 
muck covering flat terrain between the Arboretum pond and Eaton’s pond.  Carlisle soil 
types tend to be at or slightly below the water table most of the year.   
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Figure 7: Contour map (5 ft interval) and digital elevation model of the Arboretum property. 
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Figure 8: Portions of USGS topographic map depicting the location of the main Arboretum study site, and 
associated drainage basins derived from CT DEP shape files. 
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Figure 9: Surficial map of ECSU Arboretum and surrounding land adapted from Clebnik (1980). 

 
 

 
Figure 10: Photograph of a deeply iron stained groundwater seep in the Arboretum. 
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 Land use change in and around the arboretum over the past 60 years can clearly 
be seen by examining aerial photographs (Figure 11).  In 1941 dense forest cover 
dominated the area with a free flowing stream running parallel to a country road and 
eventually draining east into Eaton’s pond.  This landscape dramatically changed in the 
1970’s with the construction of a small access road across the north end of the 
Arboretum.  Housing developments were present east and west of the arboretum, and 
forest clearing is evident to the south reflecting expansion of Eastern Connecticut State 
University’s campus.  By 1974 the access road had damned the main Arboretum stream 
forming a pond at the base of the Arboretum.  The newly constructed Highway 6 and 
associated development was clearly responsible for this change in the drainage.  The 
1990 aerial photo shows little new development; however, recently clearing for 
development has begun once again in areas surrounding the arboretum. 

 

 
Figure 11: Historical aerial photographs of the Arboretum depicting land use change.  (a) 1941, (b) 1970, 
(c) 1974, and (d) 1990. Photographs obtained from Hyatt (pers. com., 2006). 
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RESEARCH METHODS 
This study examines erosion associated with land use change at the drainage basin 

scale, and associated deposition for an individual deposit at the local field scale.  
Research methods are described below.  First, I describe approaches used to measure the 
volume of deposition in the field at the Arboretum.  Secondly, I indicate computing 
techniques that were used to apply the RUSLE model within a GIS environment to the 
Arboretum and surrounding drainage basins. 

Construction of a new subdivision adjacent to the ECSU Arboretum exposed bare 
soil and sediment to runoff beginning in the summer of 2004.  Large rain storm events in 
July of that year overwhelmed silt fencing and introduced significant quantities of sand to 
the Arboretum (Figure 12a and b).  One such “runoff deposit” was examined in detail in 
order to estimate the size of the deposit and to consider its spatially varying character. 

 
 

 

Figure 12: (a, b) Photographs of construction sand deposits in the Arboretum shortly after large rain storms 
in the summer of 2004. 

Field Methods 
The volume of sand in the runoff deposit was estimated using field surveys and 

direct measurements of sand thickness.  The outer limit of this runoff deposit was 
identified, by clearing leaves, and then flagged.  A base line was established parallel to 
slope by running a tape measure across the deposit.  Similarly a series of sampling 
transects were established at regular intervals up slope from the base line.  In total five 
sampling lines were created, parallel to the base line, to be used as guides for measuring 
the sand deposit.  Additional control lines were added as needed to ensure detailed 
measurement of the deposit.  The thickness of the deposit was measured with a small 
centimeter scale at selected points along each transect line (Figure 13b).  The edges of the 
deposit along each sampling line were referred to as zero marks.  Deposit thicknesses 
were measured 25 centimeters in from zero marks and at regular intervals thereafter.  At 
each measurement site, holes were dug to reveal the thickness of sand above the buried 

(a) 

(b) 
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forest floor (Figure 13b and c).  In areas where sand deposits were grater than 3 meters 
wide, additional sampling sites were added as needed.  Each sample site was marked with 
flagging tape so that its position could subsequently be surveyed.   

For each measurement station, measurements were made as follows.  First a pit 
was excavated to measure the thickness of sand.  Measurements were made at three 
positions from the ground surface to the boundary between the light colored sand and the 
much darker organic-rich A-horizon soil below.  This boundary was easy to identify 
because of the distinct differences in color and texture.  The sand was reddish-brown in 
color and its individual particle size made it easy to distinguish it from the fine grain, 
black, organic rich soil (Figure 13c).  In some areas of the deposit, these two layers were 
separated by a third layer consisting of a gray silty material. 

In addition to recording sand thickness, the location of each sample site was 
surveyed with a Topcon 211D laser-based total station (Figure 13d).  The total station 
was also used to survey the limits of the deposit, walking paths, a water channel and a 
stone wall.  As well several elevation control points were surveyed outside of the study 
area at approximately 2 meter intervals extending 6 meters beyond the ends of every 
transect line. 

In addition to measuring sand thickness adjacent to the construction site, I also 
measured sand deposits in other affected areas.  This included sampling sediments in a 
wetland and pond complex at the northern limit of the arboretum.  A percussion coring 
technique was used to recover sediments from the arboretum pond and from a wetland 

 
 

 
 
 
 
 
 
 
 

 
Figure 13: Image depicting (a) measurement of erosion derived sands above buried forest floor A horizon, 
(b) excavation of sampling pit, (c) contrast between sand and soil horizon, (d) author and supervisor next to 
total station survey equipment. 

  (a) (b)   (c) 

(d) 
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between the pond and Highway 6.  Cores were collected in pre-split PVC pipes which 
had been taped back together.  These PVC pipes or “core barrels” were pounded into the 
earth and then removed using a tripod and attached winch.  An aluminum core catcher in 
the bottom of the core barrel prevented sediments from sliding out upon removal.  After 
cores were extracted they were transported back to the lab room for splitting, measuring 
and photographing.  In the laboratory the tape was removed from the “core barrels” and 
the cores were split lengthwise using metal wire.  Care was taken to minimize disruption 
of the sediment.  One core half was marked for photographing and the other for sampling.  
The former was shaved with a plastic knife in order to show changes in the sediment 
more clearly, allowed to dry for 24 hours, and then photographed digitally.  Photographic 
logs constructed from these images are discussed in a subsequent section of this report. 

Computing Methods 
 Computing techniques included manipulating field survey and sand thickness data 
and constructing a geographic information system (GIS) model for the field site.  The 
following provides details on each. 
 
Analysis of Field Survey Data:  Golden Software Diger 3.0 and Surfer 8.0 were used to 
manipulate field data to create two digital elevation models (DEM); one depicting surface 
topography and the other made suitable for estimating the volume of a major sand 
deposit. 
 Constructing the topographic and sand thickness DEM’s required (1) examination 
of raw survey data, (2) interpolating additional elevation and/or feature data, (3) 
combining interpolated data with field measurements in order to prepare input files for 
DEM construction, and (4) use of surfer to construct DEM’s and build output maps.  The 
mechanics of each of these steps are described next. 
 Initially, raw data plots of elevation and sand thicknesses were prepared to check 
the validity of raw survey data.  Once confirmed, these data plot maps were scanned, 
imported into Diger, and calibrated for digitizing.  Additional elevation points and 
objects, such as the arboretum path and a stone wall were then digitized and exported 
from Diger to create a master elevation file in Microsoft Exel.  Additional polygons were 
digitized as “blanking files” to trim the limits of maps in Surfer.  Diger was also used to 
construct elevation control lines for use in building the sand thickness map.  These 
control lines, also exported as blanking files, included (1) lines defining the edges of the 
sand deposits, (2) two elevation control lines outside the limits of the sand thickness data 
that were assigned negative sand thickness values to prevent subsequent interpolation 
errors when estimating the volume of sand.  All of these data files were combined and 
used to build spreadsheet files with location and elevation of X, Y, and Z data for use in 
Surfer.  The first such file included surface topography data, while the second consisted 
of sand thickness and control data points. 
 Surfer constructs regularly spaced grid files from irregularly spaced data files of 
X, Y, and Z data.  It is important to select grid sizes that are appropriate to the spacing of 
raw data.  Where additional detail is required, a second gridding file may be “splinned” 
from the first.  This technique ensures that the final grid file remains true to the data, 
although some smoothing will occur.  It is important that grid files are constructed with 
the same node spacing if they are to be combined when building final maps.  The Exel 
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input file for topography was gridded using a krigging algorithm with node spacing set at 
2 meters, x-axis extent set at 975 to 1055 m, and y-axis ranging from 975 to 1035 m.  The 
resulting grid, while true to raw survey data, is too coarse for subsequent analysis.  
Accordingly, the gridded file was further manipulated by splinning the file to insert 
additional nodes at 0.5 meter spacing.  The sand thickness input file, which included 
more tightly spaced raw survey data than the topographic input data file, was initially 
gridded in Surfer using the krigging method and the same data extents, although the node 
spacing was set to 1 m instead of 2 m.  The initial grid file was then splinned at 0.5 m so 
that it would match the topographic grid files.  Finally grid files, for both topographic and 
sand thickness data sets, were then blanked so as to constrain calculations to the region 
within the limits of the study site. 
 Once splinned and blanked, grid files were complete, making it possible to 
construct a variety of maps (presented in this report) that depict the extent of the deposit 
and can be used to estimate the volume of sand. 
 
GIS Model:  ArcView GIS 3.3 software was used to define the limits of the study site and 
to develop the six input variables for RUSLE calculation estimates of soil loss.  The 
intent of GIS analysis was to evaluate regional soil loss in the Arboretum and adjacent 
drainage basins.   

As such, the GIS study site includes the Arboretum and four drainage basins that 
surround it, all draining into the Natchaug River.  The limits of this study site were 
defined from CT DEP digitized outlines of the naturally occurring watersheds.  Since the 
Arboretum drainage basin lies completely within the largest of the predefined watersheds 
(Figure 8) it was necessary to subdivide this basin into two polygons.  One reflects the 
drainage basin area contributing runoff to the Arboretum pond; the other reflecting the 
remainder of the original drainage basin.  As such, and for all subsequent sections of this 
report, five sub-basins are defined for the GIS study site.  These basins include the 
Arboretum basin, and basins 1 through 4 as identified in Figure 8.  These drainage sub-
basins were used to produce GIS layers showing the distribution of slope, land use, soil 
types etc. 

Having defined the GIS study site, it is then necessary to develop individual 
themes for each input variable for RUSLE calculations.  Recall, that RUSLE inputs 
include a runoff factor (R), soil erodibility (K), slope length (L), slope steepness (S), 
cover management (C), and support practice (P).  R and P values were obtained from the 
USDA RUSLE2 program for Windham and Tolland counties.  R factors for Windham 
and Tolland counties are 170 and 160 (feet*tonf*in./acre/h/year) respectively.  Since a 
significant portion of the study site lies in both counties an average value of R=165 was 
used for this analysis.  Data on control practices (P) are unavailable.  As such, P is set to 
1 to eliminate the influence of these practices in the RUSLE calculations.  This implies 
that erosion estimates in this study represent maximum likely values. 

The remaining variables (K, L, S, and C) are not constant throughout the study 
site.  Themes were created for each of these variables as follows.  The values for K were 
obtained from the United States Department of Agriculture Soil Conservation Service’s 
Soil Survey for Windham County Connecticut.  The soils were then grouped according to 
their respective soil series.  In most cases one K value was given representing all soils for 
a particular series regardless of the degree slope or percent of stones.  The exception was 
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the Paxton and Montauk soils, which were assigned different values of K for the amount 
of stones in the soil.  Estimations of K values were needed for the organic rich mucks 
(Adrian and Palms soils) as values were not given in county soil survey reports.  As a 
result, I assigned K values based on soils with similar textural characteristics in the 
RUSLE2 program. 

L and S values are commonly combined when calculating RUSLE values in a GIS 
environment.  This paper followed very closely techniques described by Engel (2003).  
Key steps in these calculations are as follows.  First a detailed digital elevation model 
was obtained and a study site was defined.  Next, the slope steepness is obtained and used 
along with parameters set in map calculator to produce a flow accumulation map with an 
upper bound (see Appendix A, which provides a copy of detailed steps from Engle, 
2003).  Finally, the following equation derived by Moore and Burch (1986a and 1986b) is 
evaluated with map calculator creating the LS factor. 
 

LS = (Flow Accumulation * Cell Size/22.13)^0.4 * (sin slope/0.0896)^1.3 
 

The C factor in the RUSLE equation is derived from land use data.  First, DEP 
land use categories were combined to define 6 categories that could be recognized on 
aerial photographs.  The RUSLE2 program was then used to derive appropriate C values 
(Pers. Comm. Hyatt, 2006).  Specific regrouped land uses and corresponding RUSLE2 C 
values are given in Table 1. 

FIELD SURVEY AND CORING RESULTS 
 Results presented below focus on 3 aspects of erosion and deposition related to 
land use change in and around the Arboretum.  First, the results of field surveys at a 
specific “runoff deposit” are used to evaluate volumes and spatial variability of local 
deposits.  Second, photographic logs of sediment cores are briefly described to illustrate 
the character of the deposit.  Finally, a more lengthy presentation of GIS/RUSLE results 
is offered to determine the range and spatial variability of expected erosion values, and to 
determine whether the Arboretum differs substantially from nearby drainage basins. 

Runoff Deposit 
 Detailed measurements of the runoff deposit are used to produce an isopach map 
depicting the spatial variability of sand thickness (Figure 14).  The total volume of the 
sand in this deposit is �  28 m3.  Much of this deposit has accumulated in areas of 
decreasing slope and on up slope sides of obstacles (Figure 15).  The thickness of sand 
within the deposit is highly variable, with substantially thicker sands occurring near the 
stone wall.  Sands are dramatically thicker, by a factor of 2 or more, on the up slope side 
of the wall while funneling also influences the distribution of sediments down slope.  In 
fact, the thickest deposition (> 14 cm thick) occurs immediately down slope from the 
wall near a small stream. 

Characterizing Deposits 
 Two sediment cores were collected in and near the Arboretum pond to determine 
whether eroded sand could also be identified at these sites.  Photographic logs (Figure 16)  
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Table 1:  Land use types found within the study site, the corresponding C values, and 
their reclassified category. 

 
Land Use Type C values 

Deep Water 0.0001 
Shallow Water & Mud Flats 0.0001 
  Water (C=0.0001) 
Non-forested Wetland 0.003 
Coniferous Forest 0.003 
Deciduous Forest 0.003 
Deciduous Forest & Mt Laurel 0.003 
Deciduous Forested Wetland 0.003 
Deciduous Shrub Wetland 0.003 
Mixed Forest 0.003 
  Tree/Forest (C=0.003) 
Pasture & Hay & Grass 0.047 
Scrub & Shrub 0.047 
  Pasture (C=0.047) 
Exposed Soil 0.13 
Exposed Soil / Cropland 0.13 
Pasture & Hay / Cropland 0.13 
Pasture & Hay / Exposed Soil 0.13 
  Croplands (C=0.13) 
Comm & Indust & Pavement 0.185 
Residential & Commercial 0.185 
Rural Residential 0.185 
Turf & Grass 0.185 
Turf & Tree Complex 0.185 
  Comm/Residential (C=0.185) 

 
indicate between 20 and 40 cm of sand were deposited.  These sediment cores are not 
analyzed in detail in this report.  Nonetheless they do demonstrate the presence of eroded 
sands from a wide variety of sites in the Arboretum.  Detailed analyses of these cores are 
ongoing and the interested reader is encouraged to speak with Dr. Hyatt with questions 
about these cores. 

GIS RESULTS 
GIS analyses, as described previously, focus on estimating land use driven 

erosion using the RUSLE approach.  Key variables for which spatial data are available in 
the study site include soils, slope characteristics, and land use-derived cover 
management.  In each case maps are presented to depict characteristics and spatial 
variability of these parameters in the Arboretum and adjacent sub-basins.  Analysis 
relates these characteristics to the likely influence on soil erosion, while area comparisons 
are presented to determine whether characteristics in the Arboretum are similar to or 
differ from adjacent sub-basins. 
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Figure 14: Sediment isopach map for a single runoff deposit in the ECSU Arboretum. 

Soils and Soil Erodibility  
 Seventeen soil types occur within the study site and adjoining sub-basins, the 
distributions of which are revealed in Figure 17-19 and Tables 2 and 3.  The most 
common soils are Canton and Charlton soils which account for 25% of the study basins, 
followed by Udorthents-Urban Land Complex (12%), and Woodbridge Fine Sandy Loam 
(10%) (Figure 17 and Table 2).  The area of the other individual soils each account for 
less than 10% of the study site and sub-basins (Table 2).   

It is important to consider the characteristics of these soils in relation to their 
erodibility as defined by SCS K values.  Table 3 provides brief descriptions of these soils, 
while Table 2 presents area coverage for individual soil types by basin. 

In the Arboretum and surrounding drainage basins 6 soils with erodibility factors 
> 0.28 occur.  These erosion susceptible soils include Udorthents Urban Land Complex, 
Agawam Fine Sandy Loam, Ninigret and Tisbury soils, Raypol Silt Loam, Haven and 
Enfield Soils, and Paxton and Montauk soils.  The majority of these soils extend from the 
western most limit of sub-basin 1, east through sub-basin 4, where they cover a 
substantial area (Figure 18).  Significant coverage also occurs in the Arboretum sub- 
basin; here these soils represent 55% of the total drainage basin area.  Smaller areas of 
erosive soils can also be found in the northern most parts of drainage sub-basin 2.  
Overall soils with high K values cover approximately 30% of the Arboretum and 

Contours in cm. 
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Figure 15: Digital elevation model data for runoff deposit depicting relief and spatial limits of the deposit. 
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Figure 16:  Sediment core photographic logs for cores recovered along a transect through the over-wash deposit (a - c), from 
the (d) swampland located between highway 6 and the county access road that dams the Arboretum pond, and (e - i) the Pond 
itself.  Cores (d) and (i) were collected for this study. Cores recovered from the pond were collected both (e - h) before and (i) 
after the runoff event examined in this poster.  Note substantial thickness of runoff sands identified in several cores. 
 

Depth 
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Figure 16 

 
 
 
 
 
 

 
Figure 17: Soil series of Eaton’s Pond Watershed as defined by CT DEP shapefiles. 
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Table 2:  Percentage of area coverage for soils in sub-basins within study site. 

  Basin1  Basin2  Basin3 Basin4  Arboretum  
entire 
basin  

Basin Areas (Acres)   1271 446 219 86 116 2022   

Soil Series 
K 

Values              
K 

category 

Water 0 0.5 0.4 0.0 0.0 0.0 0.4 low 
Gloucester S-L 0.17 4.8 0.0 2.2 15.6 9.9 3.9 low 
Rdg&, Leicester&Whitman 0.2 5.6 12.0 12.6 11.6 6.9 8.1 low 
Sutton F-S-L 0.2 2.8 3.7 6.9 0.0 0.0 3.4 low 
Walpole S-L 0.2 0.0 9.0 0.0 0.0 0.0 2.0 low 
Low K values   13.8 25.2 21.8 27.2 16.8 17.7   
Paxton&Montauk, V-S 0.22 6.6 4.2 0.0 0.0 0.0 5.1 me dium 
Canton&Charlton 0.24 29.2 6.9 42.0 7.3 26.8 24.7 me dium 
Charlton-Chatfield Cplx 0.24 4.5 3.9 28.2 0.0 0.0 6 .8 medium 
Merrimac S-L 0.24 0.1 0.0 0.2 0.0 0.0 0.1 medium 
Scarborg M-L-S 0.24 0.6 0.0 0.0 0.0 0.0 0.4 medium 
Sudbury S-L 0.24 0.5 4.2 0.0 0.0 0.0 1.3 medium 
Woodbridge F-S-L 0.24 5.0 30.3 1.5 0.0 0.0 10.0 med ium 
Adrian&Palms 0.26 4.5 2.8 2.5 0.0 1.4 3.7 medium 
Medium K values   51.1 52.3 74.3 7.3 28.2 52.1   
Agawam F-S-L 0.28 3.4 0.0 0.0 0.0 0.0 2.2 High 
Ninigret&Tisbury 0.28 5.3 5.4 0.0 4.6 0.0 4.7 High 
Paxton&Montauk 0.28 1.6 14.3 0.0 0.0 0.0 4.2 High 
Udorthents-Urban Cplx 0.37 15.6 0.0 3.8 52.4 55.0 1 2.4 High 
Haven&enfield 0.49 5.6 2.8 0.0 8.5 0.0 4.5 High 
Raypol S-L 0.49 3.6 0.0 0.0 0.0 0.0 2.2 High 
High K values   35.1 22.5 3.8 65.4 55.0 30.2   

Basin Totals  100 100 100 100 100 100  
 
surrounding drainage basins in this study.  A comparison of % area for erosive soils 
reveals that both the Arboretum sub-basin and sub-basin 4 have > 50% area covered by 
highly erosive soils.  However, these soils are less abundant on an area basis for the other 
three sub-basins (Figure 19). 
 
Slope Characteristics and Erodibility  
 Drainage basin relief, slope steepness, and slope length influence the intensity of 
runoff and associated erosion and deposition.  Basin topography and slope classes are 
presented in Figures 20-23. 
 Highest elevations occur in the extreme north of sub-basins 1 and 2 (Figure 20).  
Elevations decrease southward to an east trending valley that drains to the southeast into 
the middle of Eaton’s Pond watershed toward the Natchaug River.  South of the east-west 
trending Eaton’s Pond valley, elevations severely increase through the Arboretum sub-
basin and the farthest southern parts of sub-basin 1.  The Arboretum sub-basin, located 
adjacent to the drainage basin divide, is located in an area of higher potential erosion due 
in part to the elevation and proximity to north trending slopes. 
 



25 

Table 3:  Description of Soils in the Study Area. 
Soil Series Description 
Adrian & Palms The Adrian series consists of very deep, very poorly drained soils formed in 

herbaceous organic material over sandy deposits on outwash plains, lake plains, 
lake terraces, flood plains, moraines, and till plains. Permeability is moderately 
slow to moderately rapid in the organic material and rapid in the sandy material. 
Slope ranges from 0 to 1 percent. 
 

 The Palms series consist of very deep, very poorly drained soils formed in 
herbaceous organic material 16 to 51 inches thick and the underlying loamy 
deposits in closed depressions on moraines, lake plains, till plains, outwash plains, 
and hillside seep areas, and on back swamps of flood plains. Permeability is 
moderately slow to moderately rapid in the organic material and moderate or 
moderately slow in the loamy material. Slope ranges from 0 to 6 percent. 
 

Canton & Charlton The Canton series consists of very deep, well drained soils formed in a loamy 
mantle underlain by sandy till. They are on nearly level to very steep glaciated 
plains, hills, and ridges. Slope ranges from 0 to 35 percent. Saturated hydraulic 
conductivity is high in the solum and high or very high in the substratum. 
 

 The Charlton series consists of very deep, well drained loamy soils formed in till. 
They are nearly level to very steep soils on till plains and hills. Slope ranges from 0 
to 50 percent. Permeability is moderate or moderately rapid. 
 

Gloucester The Gloucester series consists of very deep, somewhat excessively drained soils 
formed in sandy till. They are nearly level to very steep soils on ground moraine 
uplands and moraines. Slope ranges from 0 to 50 percent. Saturated hydraulic 
conductivity is high or very high 
 

Ridgebury, Leicester 
& Whitman 

The Ridgebury series consists of very deep, somewhat poorly and poorly drained 
soils formed in till derived mainly from granite, gneiss and schist. They are 
commonly shallow to a densic contact. They are nearly level to gently sloping soils 
in low areas in uplands. Slope ranges from 0 to 15 percent. Saturated hydraulic 
conductivity ranges from moderately low to high in the solum and very low to 
moderately low in the substratum. 
 

 The Leicester series consists of very deep, poorly drained loamy soils formed in 
friable till. They are nearly level or gently sloping soils in drainage ways and low-
lying positions on hills. Slope ranges from 0 to 8 percent. Permeability is moderate 
or moderately rapid in the surface layer and subsoil and moderate to rapid in the 
substratum. 
 

 The Whitman series consists of very deep, very poorly drained soils formed in 
glacial till derived mainly from granite, gneiss, and schist. They are shallow to a 
densic contact. These soils are nearly level or gently sloping soils in depressions 
and drainage ways on uplands. Permeability is moderate or moderately rapid in the 
solum and slow or very slow in the substratum. 
 

Udorthents-urban 
Land Complex 
 

Udorthents consists of nearly level to sloping, excessively drained to moderately 
well drained soils.  The areas of this unit have been altered by excavating or filling.  
They are mostly irregular in shape or are rectangular or long and narrow, and they 
generally range from 5 to 60 acres.  Slopes range from 0 to 15 percent. (USDA Soil 
Survey of Windham County) 
 

All soil descriptions not otherwise noted are from NRCS web-site. 
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Figure 18: Reclassified soils according to Soil Conservation Service K values.  Note large area of higher K 
values through center of study site and covering a large area of the arboretum. 
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Figure 19: Area distribution by K value for each sub-basin in the study area.  Low K values range from 0-
0.2, medium 0.22-0.26 and high 0.28-0.49 based on Soil Conservation Service data.  Note the large 
percentage of high K value land in the arboretum. 
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Figure 20: Elevation contours, derived from CT DEP shapefiles, for the study site and adjacent sub-basins.  
Note central SW-E trending valley.  Arboretum drains northward into this valley. 
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 Slope values are sensitive to changing elevations, resulting in more variable 
distribution of slope classes (Figure 21).  In general, gentle sloping terrain continues 
around the edge of the entire watershed.  Steeper dipping slopes occur frequently between 
the transition from higher elevations in the north and south to the lower elevations of the 
central east-west valley.  However, the steepest slopes are found only to the north.  The 
Arboretum sub-basin consists of mostly gently to moderate dipping slopes consistent 
with its medium ranged elevations. 

Comparisons of topography and slope areas as a percentage of individual sub-
basin areas are presented in Figures 24 and 25.  Basins 1, 2, and 3 have broad 
distributions of their area over wide ranges of elevations (Figure 22).  In contrast, sub-
basin 4 and the Arboretum sub-basin have a much narrower range in elevations.  Sub-
basin 4 has almost all of its area at very low elevations, while the Arboretum sub-basin is 
confined to lower to mid-ranged elevations.  The percent area for different slope classes 
is very similar for all sub-basins except sub-basin 4 (Figure 23).  Sub-basin 4 is 
completely within lowland areas; therefore it has substantially lower slopes than other 
sub-basins. 

Land Use Distribution and C Values 
Principle land use categories, and reclassified land use categories (based on 

assigning RUSLE “C” values) are presented in Figures 24, 25 and Table 4.  Residential 
and urbanized land use are primarily restricted to the southern limits of the study site, 
except for small plots of land sparsely distributed throughout the remainder of the study 
site (Figure 24).  Urban lands are concentrated in the south reflecting expanding 
Willimantic fringe.  The northern 60% of the study site, in the absence of urban sprawl, is 
dominated by forest and cropland land use.  Higher C-value land uses (Figure 24) occur 
in the southern 30% of the study site, particularly in the vicinity of cleared forest and 
commercial/residential dwellings.  Figure 24 illustrates the prevalence of low C-values 
throughout the north, although a corridor of forest with low C values also extends 
southward into the Arboretum sub-basin. 

Area comparisons grouped by C values for all sub-basins indicate that sub-basins 
1 and 3 have >50% of their areas covered by forest, while the Arboretum and other two 
sub-basins have <30% of their land forested (Figure 25).  Similarly the distribution of 
residential and commercial land is >50% for the Arboretum and sub-basin 4; however, 
the other three sub-basins show a significantly lower percentage of this high C value land 
use.  The Arboretum sub-basin differs from all other sub-basins because it contains no 
croplands, whereas sub-basins 1, 3, and 4 contain 5-20% pasture lands with the exception 
being sub-basin 2 with >50% in pasture. 

RUSLE Soil Loss Estimates 
 The results of RUSLE soil loss calculations for the study site and associated sub-
basins are summarized in Figure 26.  Summary values of soil loss in tons/acre/year reveal 
that most areas have very low erosion values (<5 tons/acre/year).  However, the southerly 
30% of the study site contains more areas with higher erosion values (>5 tons/acre/year).  
In fact, the Arboretum sub-basin has the highest erosion values, particularly along the 
southern limits of the drainage divide and along a more centralized corridor trending  
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Figure 21: Reclassified slope classes derived from CT DEP DEM.  Note lower slope classes through center 
of the study site. 

 

 
(in degrees) 
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Figure 22: Percent area of each basin by elevation class.  Note confined distribution of the arboretum and 
basin 4 compared to widely distributed elevations of basin 1-3. 

 
Figure 23: Distribution of slope classes derived from a NED 10 m DEM data.  Comparisons are used to 
contrast slope characteristics for the arboretum and nearby drainage sub-basins.  See text for discussion. 
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Figure 24: Distribution of reclassified land use according to C values given by the RUSLE2 program.  
Note more easily eroded land use practices in southerly portions of the study site especially adjacent to the 
arboretum sub-basin. 
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Figure 25: Area distribution of simplified land use categories (C values).  Note that sub-basin 1 and 3 are 
dominated by forest cover, whereas the arboretum and basin 4 have substantially higher urbanized land use 
than other sub-basins. 
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Table 4:  Distribution of land use categories and reclassification by C value. 

 
C 

values Basin1 Basin2 Basin3 Basin4 Arboretum 
All 

Basins 
Land Use Category  (Acres) (Acres) (Acres) (Acres) (Acres) (Acres) 

Deep Water 0.0001   0.2       0.2 
Shallow Water & Mud Flats 0.0001 2.0 1.1 1.1     4.2 
Water  0.0001 2.0 1.3 1.1 0 0 4.5 
Non-forested Wetland 0.003 4.2 1.1    5.3 
Coniferous Forest 0.003 33.3 10.0 27.5 0.6  71.5 
Deciduous Forest 0.003 617.7 90.6 102.7 23.7 32.5 834.7 
Deciduous Forest & Mt Laurel 0.003 1.7 15.3   1.1 17.1 
Deciduous Forested Wetland 0.003 0.6 0.7    1.3 
Deciduous Shrub Wetland 0.003 0.2 0.2    0.4 
Mixed Forest 0.003     1.0     1.0 
Tree/Forest 0.003 658.0 118.0 131.2 24.2 33.6 931.4 
Pasture & Hay & Grass 0.047 200.7 233.4 44.6 6.0 6.6 484.7 
Scrub & Shrub 0.047 33.8 4.2 2.7 0.9   41.6 
Pasture  0.047 234.6 237.5 47.3 6.9 6.6 526.3 
Exposed Soil 0.13 43.7 10.5 10.2 6.2  70.7 
Exposed Soil / Cropland 0.13 12.7 53.5 0.9 4.8  71.9 
Pasture & Hay / Cropland 0.13  9.7    9.7 
Pasture & Hay / Exposed Soil 0.13 1.1 2.1 0.2   0.2 3.3 
Croplands 0.13 57.4 75.8 11.3 11.0 0.2 155.6 
Comm & Indust & Pavement 0.185 113.8 0.9 0.8 25.2 25.2 140.6 
Residential & Commercial 0.185 124.0 2.4 12.1 11.9 23.8 150.4 
Rural Residential 0.185 22.0 5.1 4.6 0.8 5.4 32.5 
Turf & Grass 0.185 11.2    10.5 11.2 
Turf & Tree Complex 0.185 47.0 4.7 10.4 6.0 10.4 68.1 
Comm/Residential 0.185 317.9 13.1 27.9 43.9 75.2 402.8 

Total Basin Area   1270.0 445.7 218.8 86.1 115.6 2020.6 
 
east/west (Figure 26).  In contrast, the northern 60% of the study site (north of highway 
6) has relatively few areas with high erosion values.  As will be discussed subsequently, 
the distribution of high erosion values primarily reflect specific types of land use, 
especially the presence of more easily eroded residential & commercial areas, and to a 
lesser extent croplands. 

DISCUSSION 
 This study demonstrates that land use change near ECSU’s Arboretum has 
impacted erosion and associated deposition of sediments at both a local scale, and a more 
regional drainage basin scale.  A field based investigation of a single erosion-derived 
deposit reveals that, even a year after initial erosion, construction derived sands are still 
recognizable and may be measured to estimate the volume of sand deposited.  Maps of 
sand thickness (Figure 14) clearly indicate that the spatial distribution of sand deposits 
are (1) influenced by the initial location of erosion and (2) that the resulting deposit 
thickness is strongly influenced by obstacles to flow.  In addition to detailed 
measurements, sediment core samples suggest that construction derived sands have also 
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Figure 26: Estimated soil loss derived using the RUSLE model.  Note the higher erosion values in the 
southerly 30% and especially high values in the arboretum sub-basin. 
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been deposited in the arboretum pond and a wetland between the pond and highway 6. 
 At a regional scale RUSLE/GIS model results indicate higher erosion yields are 
expected in the Arboretum than in other sub-basins.  However, most of the study area has 
low expected yields (< 5 tons/acre/year) with only small areas reaching as high as 30 
tons/acre/year.  These high yield areas are mostly located in the southerly 30% of the 
study area (Figure 26).  In contrast, in the Arboretum sub-basin, which makes up only �  
6% of the study site, 5 substantial areas are expected to lose 31-50 tons/acre/year.  Higher 
soil loss amounts are directly related to variables in the RUSLE model, especially steeper 
slopes, higher soil erodibility (K) values, and more erosive land use (C values) practices.  
High erosive land use categories appear to be the most influential factor.  All areas of 
high soil loss correspond with high C value land use categories (Figure 24).  Another 
important factor is the erodibility of the soil (K value).  Soils such as Udorthents-urban 
Land Complex with high K values are found in areas where soil loss is expected to be 
greatest.  In the Arboretum sub-basin these high K value soils (> 0.28) are found covering 
50% of the property (Figure 18 and Table 2).  Although slope gradient classes appear to 
be less influential than K and C values in RUSLE calculations, they do show some 
evidence of influence in the southerly 30% of the study site (Figure 21), where they 
mimic the distribution of medium ranged erosion yields. 

RUSLE results for the Arboretum are of particular interest because of recent 
construction adjacent to the site.  Comparisons of RUSLE results with and without this 
land use change (Figure 27a and b) indicates that clear cutting of the forest dramatically 
increases expected erosion.  RUSLE model predictions have increased from 0-5 
tons/acre/year to 31-50 tons/acre/year in some areas within the construction site.  This 
increase in expected erosion helps to explain the presence of deposits down slope in the 
Arboretum sub-basin. 
 In closing, it is interesting to return to field-based estimates of erosion-derived 
sediments (Figure 14 and 15).  These measurements indicate a significant quantity of 
sand was introduced to the Arboretum by runoff during construction of the subdivision.  
In excess of 28.3 m3, equivalent to approximately 4 large dump truck loads of sand was 
introduced to the measured site.  While this study examined a single deposit in detail, 
casual observation and coring indicate several other deposits exist in the and around the 
Arboretum (see Figure 16).  It has been more than a year since these sands were 
originally deposited and in many areas they are hidden by leaf litter and other debris 
making them difficult to see.  The present inconspicuous nature of these sand deposits 
have contributed to human neglect of the problem which now has the potential for 
altering habitats and, perhaps to a lesser extent, introducing non-point source chemical 
contaminates associated with these sediments to the Arboretum. 
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Figure 27: (a) Arboretum and southern portions of sub-basin 1 showing expected soil loss amounts before 
clear cutting of forest area for new sub-division.  (b) Soil loss after clear cutting at the same location.  Note 
the dramatic increase in expected erosion. 
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SUMMARY 
 The most important findings from this study are as follows: 

Field Results 
1. An individual deposit of construction derived sand was uncovered, mapped, and 

measured.  The volume of sand in this one deposit is �  28.3 m3. 
2. The extent of the deposit is virtually undetectable, except on the path, unless leaf 

litter is removed from the site. 
3. Sediment coring samples collected from the arboretum pond and a wetland down 

slope from the pond illustrate that deposition of eroded sands is not isolated to one 
area.  These results show that other deposits, similar to the one I measured, exist 
throughout the Arboretum. 

4. Photographic documentation immediately after the original erosion event was 
important in identifying the extent of initial erosion and sedimentation. 

GIS Results 
1. Overall, RUSLE predicted erosion in all sub-basins is generally low (< 5 

tons/acre/year) for most areas.  Higher values are mostly associated with areas of 
residential/commercial land use and soils that are sensitive to erosion. 

2. The Arboretum sub-basin has a higher percentage of its area with characteristics 
that promote higher RUSLE erosion than other sub-basins.  These characteristics 
include highly easily eroded soils and more erosive land use categories. 

3. The distribution of slope classes for the Arboretum sub-basin are similar to all 
other drainage basins found in the study site and likely contribute less to high 
erosion yields than do other RUSLE variables. 

4. The Arboretum sub-basin and adjacent areas were more susceptible to erosion 
than other sub-basins even before development of the nearby subdivision. 

5. Clear cutting has dramatically increased expected erosion yields near the 
arboretum.  Expected yields in some parts of this area have increased by as much 
as 31-50 tons/acre/year. 
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APPENDIX A 

Estimating Soil Erosion Using RUSLE (Revised Universal Soil Loss 
Equation) Using ArcView 

The following is reprinted from a Purdue University website.  These notes were 
adapted for use in calculating LS factors for the arboretum study.  All that 
follows is a direct quote from the website. 

Bernie Engel 

Purdue University 

February 20, 1999 (updated October 17, 2003) 

 (Verbatim from http://danpatch.ecn.purdue.edu/~engelb/abe526/gisrusle/gisrusle.html) 

 

  

This document describes the use of the ArcView GIS tool to estimate soil erosion using 
RUSLE (Revised Universal Soil Loss Equation). Calculations that are required will be 
done using capabilities available within the spatial analyst extension. In this example, we 
will start with a DEM (digital elevation model) and grid themes for the USLE K and 
USLE C factors. Note that USLE K can be obtained by adding the K factor as an attibute 
to a soil theme's table. The C factor can be obtained from tables or using the RUSLE 
program given information about land use and management. A land use theme can be 
used to add the C factors as an attirbute field. 

  

The LS factor can be estimated from the DEM. The technique described here for 
computing LS requires a flow accumulation theme. Flow accumulation can be computed 
from a DEM using the hydrologic extension or other watershed delineation techniques. 
Flow accumulation is used to estimate slope length in this example. The slope length can 
be estimated in other ways too such as assuming it is a constant, creating a map and 
assigning slope length values, etc. The slope length is often difficult to estimate due to 
insufficient detail in commonly available DEMs (such as 1:24000 USGS DEMs). Thus, 
the technique described here for estimating the slope length and LS value are necessary. 

  

First we will compute slope steepness using the DEM. Before beginning the analysis, 
check the Analysis Properties to make sure the extent and gird cell size are acceptable. 



42 

The grid cell size should be set to the grid cell size of the DEM for this analysis. Make 
the DEM active, select the Surface pull down menu as shown below and select the Derive 
Slope option. 

  

 

  

  

The slope that was derived is shown below. The slope units are degrees. Note that this is 
only true if the units are consistent (e.g. if UTM coordinates are used, elevation values 
should be in meters). 
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The technique for estimating the RUSLE LS factor that will be used here was proposed 
by Moore and Burch (1986a and 1986b). They derived an equation for estimating LS 
based on flow accumulation and slope steepness. The equation is: 

  

LS = (Flow Accumulation * Cell Size/22.13)^0.4 * (sin slope/0.0896)^1.3 

Where Flow Accumulation is a grid theme of flow accumulation expressed as number of 
grid cells (readily derived from watershed delineation processing steps) and Cell Size is 
the length of a cell side  
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Flow accumulation was estimated using a watershed delineation tool and slope steepness 
was estimated in the previous step.  

  

Since RUSLE is only suitable for estimating erosion due to interrill and rill processes, 
there is an upper bound on the slope length that should be used. To enforce an upper 
bound using the above approach, we will need to modify the flow accumulation map. For 
the example here, assume there is an upper bound of 150 meters. Since the grid cell width 
is 10 meters, this translates to an accumulation of approximately 15 grid cells. The steps 
below demonstrate how to modify the flow accumulation theme so that the maximum 
flow accumulation is 15. Note: your grid cell size may be different and thus the 
maximum number of grid cells may be different. 

  

Use the map calculator as shown below to create a theme that contains 0 if the flow 
accumulation is less than or equal to 15 and a 1 if flow accumulation is greater than 15. 

  

 

  

  

Next multiply the newly created theme by 15. This will result in a new theme with a 15 in 
all grid cells that had a flow accumulation greater than 15. 
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Create a theme using map calculator that contains a 1 in areas in which the flow 
accumulation is less than or equal to 15 (note this is not shown in any of the figures). 
Then using map calculator, multiply this theme by the original flow accumulation theme 
as shown below. 
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Grid cells with a flow accumulation value of 0 (these are where flow initiates) should be 
set to 1 so that the slope length for these cells is not 0. Use a process similar to that above 
to identify these cells and create a map with a value of 1 for these areas.   

Now add the three themes that contain flow accumulation data from the previous steps. 
This should result in a new theme (flow accumulation) that has a maximum flow 
accumulation value of 15. Note the figure below shows only 2 of the themes being added 
together. 
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Use map calculator to compute the LS factor as shown below. The equation for 
computing LS using flow accumulation was given earlier. Note that the slope must be 
converted to radians from degrees by multiplying the slope by 3.14 (pi) and dividing by 
180. 
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The LS map is shown below. Check the values in the theme to make sure the calculation 
was performed correctly. 
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The map calculator can be used to estimate RUSLE soil erosion for every grid cell in the 
area of interest using map calculator as shown below. Note that in this example, the R 
factor was assumed to be a constant and has a value of 180. The P factor is assumed to be 
1 here.  
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The RUSLE soil erosion estimate for the area is shown below. Note that the units in this 
example would be tons/acre/year. Average erosion can be computed from the theme 
using techniques that have been seen previously (note the result is non-integer so will 
need to be converted to an integer representation before the table can be opened). 
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