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1.0 Executive Summary

An empirical nonpoint source (NPS) modeling effort of the St. Joseph River Watershed was conducted
using loading data calculated near the mouth of the river to estimate NPS loads of phosphorus and sediment
from recognized subwatersheds draining to Lake Michigan.  Monitoring data were collected by the U.S.
Geological Survey as a part of the National Stream Quality Assessment Network, and published in a 1997
study on loading of phosphorus and sediment to Lakes Michigan and Superior from major tributaries
(Robertson, 1997).  This modeling assessment was undertaken to estimate the spatial origin of NPS
phosphorus and sediment loads for the development of a Watershed Management Plan.  Modeling targeted
compilation and utilization of a consistent set of relevant watershed attributes and climatic variables.  

NPS modeling in this application used a combination of empirical tools, published literature values for
pollutant runoff concentrations and a geographic information system database.  The approach integrates:
a) high resolution land cover data for the watershed; b) estimated mean concentrations (EMCs) of
pollutants in runoff; c) 30-meter resolution digital elevation data, and; d) interpolated rainfall data from
existing weather stations to produce a consistent spatial dataset for the entire watershed.  Annual sediment
and phosphorus loads are calculated for each subwatershed using event mean concentrations, land cover
relationships and precipitation data. Published loading data and point source discharge information were
used to adjust NPS loading model coefficients. 

This NPS modeling effort serves as an initial step to identify critical areas in the St. Joseph Watershed
related to common, yet important, pollutants which influence water quality.  Critical area identification will
lead to prioritization of improvement and protection strategies within the watershed and the
recommendations of Best Management Practices (BMPs) to reduce NPS pollution. 

The St. Joseph River NPS loading model yielded an estimated load of 288 tons of phosphorus and
134,000 tons of sediment annually associated with runoff from precipitation.  The model results were
utilized to compare loading among subwatersheds.

The distribution of land cover throughout the watershed, and the corresponding NPS loads derived from
this modeling effort, provide important insight into the most significant contributors of sediment and
phosphorus to the river.  Analyses indicate that 86% and 70% of the NPS sediment and phosphorus loads,
respectively, appear attributable to agricultural land covers that comprise 70% of the total land use in the
watershed.   In highly urbanized reaches of the watershed (which constitute only 1% of the total land use
in the watershed), urban stormwater contributions are the dominant contributor of pollutants.

The value of this NPS modeling effort for the St. Joseph River Watershed Management Plan is several fold.
Beneficial outcomes of this approach include:

C A contiguous land use/land cover data set for the 1990s.
C Consistent land cover interpretation and breakdown of land uses for the entire watershed and
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subwatershed areas.
C Distribution of NPS loads by land use and by subwatershed.
C Regional understanding of NPS loads.
C Comprehensive GIS coverage of physical attributes, including soils, slope, elevation and

precipitation, that allows for examination of critical watershed areas and attributes.
C Valuable information for future educational use to engage participants and establish new

partnerships.
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2.0 Introduction

This report presents the results of a NPS modeling analysis that estimates sediment and phosphorus loads
from subwatersheds of the St. Joseph River Watershed.  This effort was completed by KIESER &
ASSOCIATES (K&A) as part of a Clean Water Act Section 319 grant administered by the Michigan
Department of Environmental Quality.  The purpose of the grant is to complete a Watershed Management
Plan for the St. Joseph River Watershed.   

The St. Joseph River Watershed drains 15 counties in Southwestern Michigan and Northeastern Indiana.
Its headwaters originate in Hillsdale County, Michigan.  The river flows west to Three Rivers, Michigan and
then southwest past Elkhart, Mishawaka and South Bend, Indiana.  The river then flows northwest past
Niles, Michigan and discharges to Lake Michigan at St. Joseph/Benton Harbor, Michigan.  The watershed
covers 4,685 square miles of largely agricultural land (over 70% of the land cover).  According to the 2000
U.S. Census, approximately 1.5 million people live in the 15 counties of the watershed.  The most
populated county is St. Joseph County, Indiana, where South Bend and Mishawaka are located.  The
second most populated county is Kalamazoo County, Michigan.

A 2000 Michigan Department fo Natural Resources assessment of the St. Joseph River Watershed lists
63 water bodies which do not meet designated uses, based on 1996 Indiana Department of Environmental
Management and Michigan Department of Environmental Quality (MDEQ) reports.  Several water bodies
(or stream segments) are listed for multiple stressors.  E. coli is listed most with 29 water bodies.  Twenty-
two are impaired by biological degradation, and thirteen are impaired by sedimentation.  Two TMDLs are
currently being developed for E. coli.

The MDEQ 2002 Water Body System Nonattainment survey indicates that fish consumption advisories
were issued in 10 water bodies; 1 did not meet the cold water fisheries designated use; 1 was listed for
macroinvertebrate communities being rated poor; and 2 were impaired for body contact. 

Annual sediment and phosphorus loads to Lake Michigan from the entire St. Joseph River were previously
estimated by the U.S. Geological Survey based upon available 1970-1993 concentration and flow data
measured at Niles, Michigan (Roberston, 1997).  These estimates included all sources of phosphorus and
sediments to the river, including permitted point sources (municipal and industrial wastewater) and nonpoint
sources (runoff from all land uses plus in-stream erosion processes).  Loading of these parameters from
regulated point sources was averaged over a 10-year period (1990-1999) and subtracted from the total
measured loads from the river.  The resulting load was attributed to nonpoint sources (NPS) and utilized
to calibrate the model.  NPS loads accounted for 98% and 75% of the total loads of sediment and
phosphorus, respectively, from the St. Joseph River to Lake Michigan.
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Results of this non-point source modeling analysis are provided in the following sections of this report:

< Methods
< Watershed Characterization
< Non-point Source Sediment and Phosphorus Loading
< Conclusions/Recommendations

Information in these sections is supplemented with technical details provided in appendices. 
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3.0 Methods

Brief descriptions of the methods and datasets used in the St. Joseph River Watershed NPS loading model
are provided in this report section.  A detailed description of the data preparation steps completed for this
modeling effort is included in Appendix A.  Calculation methods for storm water runoff and NPS sediment
and phosphorus loads and model calibration are presented in Appendix B. 

3.1  Subwatershed Boundaries

Existing subwatershed boundaries available from the Michigan Center for Geographic Information were
preliminarily used in the Section 319 planning project.  However, these boundaries left large subwatersheds
in Indiana, including the Pigeon River and Elkhart River Watersheds undelineated.  Watershed boundaries
for the Indiana portion of the watershed  that contain fine-scale delineations of the Pigeon River and Elkhart
River Watersheds are available from the U.S. Geological Survey (USGS).  However, this delineation only
covers the Indiana portion of the St. Joseph River Watershed.  Therefore, digital elevation modeling was
conducted to create a single, continuous subwatershed layer across the watershed.  The subwatershed
boundaries from the MDEQ and USGS were utilized to name the delineated subwatersheds and to assure
that any newly delineated subwatersheds were not included in the final product.  It was the purpose of the
final delineation to only identify federally recognized subwatersheds.   

Figure 1 illustrates the subwatersheds of the St. Joseph River watershed delineated by the MDEQ.  Figure
2 illustrates the Indiana subwatersheds available from the USGS. Figure 3 illustrates the final subwatershed
delineation.  Subwatersheds are numbered, corresponding to the subwatershed designations (or “codes”)
in Table 1.

The final subwatershed delineation for the St. Joseph River Watershed was completed using 30-meter
resolution Digital Elevation Model (DEM) topographic information.  This approach provided the continuous
representation of elevation for the entire area of study as shown in Figure 4. Flow direction, flow
accumulation, and finally the subwatershed boundaries for the entire watershed were determined from this
fine resolution data.  The resulting boundaries delineated with the DEM data aligned well with the existing
MDEQ and USGS subwatershed boundaries. However, twelve subwatersheds were delineated in addition
to those recognized on the MDEQ and USGS layers.  These additional subwatersheds were combined with
the appropriate adjacent subwatershed so that no unrecognized subwatersheds were utilized in the model.
Differences in the placement of watershed boundaries were noted among the delineated subwatersheds and
the layers available from the MDEQ and USGS.  This is presumably due to differences in the resolution
of the elevation data utilized for the delineations.  The subwatershed delineation conducted by Kieser &
Associates was utilized for the NPS model.  (See Appendix A for additional details.)
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3.2  Land Use/Land Cover

Land use/land cover data for the St. Joseph River Watershed was obtained from the USGS National Land
Cover Dataset.  These data layers are available as grid files from the Michigan Center for Geographic
Information by Michigan counties and from the Indiana Geological Survey (Indiana GIS Atlas) for the entire
state of Indiana.  The eight Michigan county land cover files were “mosaiced” together to create one
continuous file for the Michigan portion of the watershed.  These data layers were provided in the Michigan
Georef projection.  The Indiana land use layer was provided in the Universal Transverse Mercator (UTM)
projection.  The “mosaiced” Michigan layer was reprojected to the UTM projection and then “mosaiced”
with the Indiana layer.  The resulting land cover data file was then clipped by the watershed boundaries.
 
The clipped land cover file was utilized to calculate the areas of each land cover type in each subwatershed
and in the St. Joseph River Watershed as a whole.  This land cover information was then utilized in the NPS
model.  Figure 5 represents the land cover layer.

3.3  Precipitation Data

Annual precipitation values were collected from 15 weather stations located within Michigan and Indiana
spanning a time period of January 1949 to December 1999 as a part of an NPS modeling effort conducted
by Kieser & Associates for the Kalamazoo River Watershed.  (The Kalamazoo River Watershed is located
adjacent to the St. Joseph River Watershed to the north.  Therefore, the weather stations accessed for that
study overlapped the geographic area of the St. Joseph River Watershed.)  A continuous grid of
precipitation values was created using “kriging”, a widely used method of spatial interpolation. 

Figure 6 presents the average annual precipitation grid.  The interpolated precipitation values within each
subwatershed were then averaged to provide a single precipitation value for that subwatershed
representative of annual weather patterns. 

3.4 Storm Water Runoff 

Runoff in the St. Joseph River Watershed NPS model was determined using the approach prescribed in
the State of Michigan Part 30 - Water Quality Trading Rules (MI-ORR, 2002).  This approach uses
fractions of impervious surface based on land use/land cover, areas of different land use/land cover types,
and precipitation to generate runoff.  Details of this approach are provided in Appendix B. 

3.5 Sediment and Phosphorus Loads

Non-point source sediment and phosphorus loading to Lake Michigan from the St. Joseph River was
determined using the event mean concentration (EMC) approach.  In this approach (also prescribed by
the Part 30 - Water Quality Trading Rules), sediment and phosphorus loads are calculated from runoff
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volumes corresponding to annual precipitation depths and pollutant concentrations assigned to each land
use/land cover category in each subwatershed.  The EMCs used for this characterization are based on
those determined from storm water pollutant monitoring conducted during the Nationwide Urban Runoff
Program for the Rouge River, Michigan Watershed (as seen in Wayne County, 1998).  Average annual
sediment and phosphorus loads predicted with the NPS model are presented in Figures 7 and 8,
respectively.  Loading from each subwatershed is depicted in units of pounds/acre/year to portray the
relative loadings between subwatersheds.  Appendix B presents a detailed discussion of how these loads
were computed.
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4.0 Watershed Characterization

This section provides a summary of the information compiled for the land use/land cover.  Based on the
land cover data obtained from the USGS National Land Cover Dataset, the approximately 3 million acres
of the St. Joseph River Watershed are comprised of 17% forest and open areas, 71% agriculture, 3%
residential, 1% commercial, industrial and transportation, and 8% open water and wetlands.  Table 1
summarizes these land cover types by subwatershed.  The urban centers of St. Joseph/Benton Harbor, MI
and South Bend, Mishawaka and Elkhart, IN are evident as large clusters of residential, commercial,
industrial and transportation related land covers (Figure 5).  The remainder of the watershed is primarily
agricultural in Indiana and a patchwork of agriculture, forests/open areas, open water and wetlands in
Michigan.

The topography of the St. Joseph River Watershed, derived from the 30-meter DEM, is displayed in Figure
4.  The region is characterized by gently rolling surfaces resulting from glacial moraines.  Elevations range
from approximately 180 meters above sea level to just over 380 meters.  The highest elevations are
observed in Hillsdale County, Michigan in the easternmost portion of the watershed. 

Figures 9 to 12 illustrate the percent distribution of land cover types by subwatershed.  Figure 9  shows
that agricultural lands are typically more prevalent in the southwestern and south-central portions of the
watershed.  Subwatersheds 206 and 213, both subwatersheds of Turkey Creek (part of the Elkhart River
Subwatershed) exhibit the highest percentage of agricultural lands at 95% and greater. 

Forested and open areas by subwatershed are displayed in Figure 10.  Areas with a greater percentage
of these land covers tend to be found in the northern-central portions of the St. Joseph River Watershed.
Subwatersheds 2 (North Branch Paw Paw River, located north of Watervliet, MI) and 89 (Mill Creek,
located west of Three Rivers, MI) contain the greatest percentage of forest and open land covers at 45%
and 36%, respectively. 

Wetlands and open water by subwatershed are depicted in Figure 11.  Subwatersheds 12 (Gourdneck
Creek, located south of Portage, MI), 205 (Turkey Creek at Wawasee Lake) and 51 (Dowagiac Creek),
each exhibit over 25% water and wetland areas. Subwatershed 51 contains 7 lakes including Fish Lake,
Finch Lake, Saddlebag Lake and Bunker Lake. 

Figure 12 displays percent urbanized land cover by subwatershed.  Urban areas include residential,
commercial, industrial and transportation land covers.  The subwatersheds overlapping St. Joseph/Benton
Harbor, MI and Mishawaka-South Bend, IN exhibit the highest percentages of these land cover types.
Subwatersheds overlapping Goshen and Elkart, IN and Niles, MI also have notably higher urban land
covers relative to other subwatersheds.  The most intensive urban land uses are adjacent to the St. Joseph
River at its middle and downstream sections. 
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The range and distribution of land slopes in the watershed are illustrated in Figure 13.  The steepest areas
of the watershed are often observed along the banks of the St. Joseph River floodplain.  The ability to
locate these steeper areas in combination with other land cover information such as agriculture, begins to
illustrate the types of useful analyses that can be completed with these GIS data.  This approach thus offers
the capability to identify watershed areas where non-point source loadings may be greatest. 
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5.0 Nonpoint Source Sediment and Phosphorus Loading

The St. Joseph River NPS sediment and phosphorus loading model was calibrated to predict loads of
135,000 and 290 tons, respectively, on an annual basis.  NPS sediment and phosphorus loading
predictions for each subwatershed are presented in Table 1 and Figures 7 (sediment loads) and 8
(phosphorus loads).

Table 1 indicates that NPS sediment and phosphorus loads from the St. Joseph River Watershed’s 217
identified subwatersheds are primarily from the western end of the watershed.  This might suggest that NPS
loading is driven by rainfall depths, as the western end of the watershed averages an annual rainfall depth
of 36 inches, driven by the effects of Lake Michigan.  Conversely, the eastern end of the watershed
averages an annual precipitation depth of 30 inches.  However, when one examines Figures 7 and 8, it is
evident that a NPS strategy with a focus on geographic areas may yield the best opportunities for significant
reductions.  Clustered drainage areas surrounding the large urban areas of St. Joseph/Benton Harbor, MI
and South Bend, IN, for example, suggest that targeted efforts in these areas may be useful for reducing
NPS loading.  Of interest, in the central portion of the watershed where precipitation depths are moderate,
is Subwatershed 121 (Nye Drain) which stands out as an area of high nonpoint source loading compared
to the surrounding subwatersheds.  This subwatershed overlaps the urban area of Sturgis, MI and is
adjoined by subwatersheds exhibiting higher percentages of forested and wetland land covers.

This is not to suggest that watershed improvement efforts in other sections of the watershed do not merit
attention, rather watershed management efforts focused on sediment and phosphorus loading may be better
served by implementing Best Management Practices (BMPs) in urban areas where investments potentially
yield higher returns in terms of loading reductions to the river.  Stormwater management efforts in these
areas may also yield reductions in pathogen loading to the river, which has been identified as a priority.
Pesticide loading to the river has also been identified as a concern.  Agricultural areas, comprising 71% of
the watershed, are expected to be the largest contributor of pesticides, such as atrazine.  However,
pesticide use in residential areas has been noted to occur at a high rate, as homeowners tend to over apply
these products and are not trained to apply the appropriate levels.  Urban watershed education and
stormwater management techniques must be an integral component of the Watershed Management Plan.

It is valuable to note that forests, open areas and water/wetlands cover almost one-quarter of the land area
in the watershed while representing only about 7% and17% of the sediment and phosphorus loads,
respectively.  Although this ratio of land cover to load reflects a relatively small contributing proportion of
the overall load, these loads can be viewed as the “natural background” contributions associated with
relatively undisturbed conditions.  As such, there will be few opportunities or techniques to reduce NPS
contributions from these background sources.  Protection, and/or conservation development practices
should therefore be promoted as an integral element of the Watershed Management Plan in these areas.
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6.0 Conclusions/Recommendations

The NPS modeling effort described herein, provides a first-cut analysis of the relative NPS loads stemming
from various land uses/land covers of the St. Joseph River Watershed.  The modeling approach used in
this effort offers a variety of valuable tools and results previously not utilized in the St. Joseph River
Watershed as a whole.  Such valuable attributes include: 

< Land use distributions by subwatershed and for the overall St. Joseph River Watershed.
< Land cover data for the entire watershed derived from a single source (USGS National Land

Cover Data Set) and “mosaiced” into a single raster file.
< Fine scale resolution of subwatershed characteristics including land use, elevations and other

applicable data compiled in a GIS format.
< Use of rainfall patterns that vary dramatically across the watershed, derived from the NPS

modeling efforts for the Kalamazoo River Watershed, to the north of the St. Joseph River
Watershed.

< Annual NPS sediment and phosphorus loading estimates from subwatersheds to identify those
areas of the watershed most contributing to the NPS load.

< Estimated NPS loads by land use categories within each subwatershed allowing for identification
of land uses and locations where BMPs should be implemented.

< An NPS modeling approach that offers a relatively simple, yet reasonable method to estimate
annual sediment and phosphorus loads in a manner consistent with the State of Michigan Water
Quality Trading Rules.

< Mapping of sensitive and/or critical watershed areas where protection or restoration may provide
the greatest long-term benefits to protect water quality.

< A valuable tool to integrate with other known characteristics of the watershed to identify critical
areas and direct implementation efforts to lead to overall watershed health.

The scope of this modeling effort was not intended to provide a comprehensive analysis that would result
in recommendations for specific NPS loading reductions.  Rather, it was to serve as one tool to be used
in the watershed management planning process.  The model does not account for specific “on-the-ground”
practices which may impact (positively or negatively) water quality.  It simply utilizes land cover and
precipitation data to predict NPS loading from each subwatershed of the St. Joseph River Watershed to
Lake Michigan.  

The model also does not account for sediment transport and deposition nor phosphorus uptake within the
St. Joseph River and its tributaries.  Therefore, it is meant to be capture the loading from land surfaces of
each subwatershed to surface waters in the watershed.  The model was calibrated to measured
concentrations of total phosphorus and total suspended solids.  These data incorporate wet weather loads
to the St. Joseph River and dry weather baseline conditions.  The NPS model was calibrated to these total
loads using EMC’s, which are estimates of concentrations of pollutants in wet weather runoff.  Therefore,
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wet weather estimates were utilized to calibrate the NPS loading model to both dry and wet weather loads
in the river.  However, it is beyond the scope of this modeling effort to segregate wet and dry weather
conditions.  Nevertheless, the NPS model is valid for comparing subwatersheds and identifying potential
areas of high loading.  With these caveats in mind, the model is utilized as one tool in the process of the
development of the Watershed Management Plan for the St. Joseph River Watershed. 
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APPENDIX A
Preparation of Model Inputs

1.0 Introduction

This appendix describes the methods used to prepare data within a geographic information system
(GIS) used in the non-point source (NPS) sediment and phosphorus loading model for the St. Joseph
River watershed.  This information is presented as follows:

Section 2.0 Subwatershed Boundaries
Section 3.0 Land Use/Land Cover
Section 4.0 Precipitation Data

Calculation methods for storm water runoff and NPS loads, and model calibration are presented in
Appendix B.  

2.0  Subwatershed Boundaries

Existing subwatershed boundaries available from the Michigan Center for Geographic Information
(MCGI) were utilized in early efforts of the watershed management planning process. However,
large portions of the Indiana portion of the watershed were left undelineated.  Specifically, the
Elkhart River and Pigeon River Subwatersheds were not delineated into smaller drainage areas, as
other subwatersheds have been.

Subwatershed boundaries for the Indiana portion of the watershed were obtained from the U.S.
Geological Survey (USGS).  Those boundaries were combined with the Michigan delineation to
provide a template for a basin-wide subwatershed boundary delineation using 30-meter Digital
Elevation Model (DEM) acquired from the Michigan Department of Natural Resources (for the
Michigan portion of the watershed) and the Indiana Geological Survey (for the Indiana portion of
the watershed).  

The U.S. Environmental Protection Agency’s BASINS (Better Assessment Science for Integrating
Point and Nonpoint Sources) Version 3.0, a GIS-based platform, was utilized to conduct the
delineation.  Besides calculation flow diversion and flow accumulation, the delineation process in
BASINS 3.0 also used available stream network datasets to improve hydrographic segmentation and
determine subwatershed boundaries (USEPA, 2001).  The delineation resulted in 229 subwatersheds.
So that no unrecognized subwatersheds were delineated for this planning effort, the Michigan and
Indiana delineations were used as a guide to compare to the DEM delineated subwatersheds.  Twelve
additional subwatersheds created with the DEM process were identified and combined with the
appropriate adjacent subwatershed.  This resulted in the delineation of 217 subwatersheds.  The
DEM delineation resulted in some variation in the locations of subwatershed boundaries, particularly
near the outer (headwater) regions of the watershed.  Further, the MCGI delineation contained
additional small subwatersheds not delineated by the DEM data.  However, the DEM delineation was
utilized for the model and associated planning efforts, as it presented a continuous dataset across the
watershed.  
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The subwatershed boundaries used in the NPS model are presented in Figure 3 of this report.

3.0  Land Use/Land Cover

Land Use/Land Cover dataset for the St. Joseph River Watershed was produced from USGS National
Land Cover Dataset raster files.  Data was available for each Michigan county and for the State of
Indiana.  Each Michigan county dataset was presented in the Michigan Georef projection.  The
Indiana data file was available in the Universal Transverse Mercator (UTM) projection.  

Each Michigan county file was “mosaiced” together to create one seamless file encompassing the
eight Michigan counties in the watershed.  That file was then reprojected to the UTM projection.
The resulting file was then “mosaiced” with the Indiana land cover file.  The resulting land cover
dataset was clipped by the St. Joseph River Watershed boundaries.

4.0  Precipitation Data

In 2001, Kieser & Associates conducted a phosphorus NPS modeling effort for the Kalamazoo River
Watershed, which lies adjacent to the St. Joseph River Watershed to the north.  As a part of that
effort, monthly precipitation data spanning from January 1949 to December 1999 was collected from
15 gauges across Michigan and Indiana.  The gauge coverage, chosen to lie within 100 miles of the
Kalamazoo River Watershed, also encompassed the St. Joseph River Watershed.

The fifty-year dataset was utilized to determine the average annual precipitation depth at each gauge.
An estimation method called “kriging” was then utilized in the GIS to spatially interpolate the data
from each gauge.  A continuous grid of average annual precipitation values resulted.  The region of
the grid overlapping the St. Joseph River Watershed  was utilized to determine the average annual
precipitation for each subwatershed.  The subwatersheds were mapped with the precipitation grid
in the GIS.  The average precipitation value that lay within each subwatershed was then determined
using the GIS and input into the NPS model.
                      
5.0  References
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APPENDIX B
Nonpoint Source Sediment and Phosphorus Loading Model

1.0 Introduction

This appendix describes the methods used to generate runoff and non-point source (NPS) sediment and
phosphorus loads for the St. Joseph River Watershed.  This information is presented as follows:

Section 2.0 Data Inputs
Section 3.0 Runoff Calculations
Section 4.0 Sediment and Phosphorus Load Calculations
Section 5.0 Model Calibration
Section 6.0 Sediment and Phosphorus Load Predictions
Section 7.0 Sensitivity Analysis

2.0 Data Inputs

Data used in the NPS sediment and phosphorus loading model for the St. Joseph River Watershed are
described in detail in Appendix A.  The various data sets used in the model are described briefly in the
following paragraphs.

2.1  Subwatershed Boundaries

Subwatershed boundaries were delineated using 30-meter Digital Elevation Model (DEM) topographic
data.  The delineation was conducted using the U.S. Environmental Protection Agency’s (USEPA)
BASINS program, a GIS-based platform.  Existing delineations from the Michigan Department of
Environmental Quality (MDEQ) and USGS (for the Indiana portion) were used for comparison to the
delineated subwatersheds and to name the subwatersheds by the water course flowing through them.

2.2  Land Use/Land Cover

Land use/land cover information for the watershed was obtained from the USGS National Land Cover
Dataset.  The data was interpreted from satellite data collected in the 1990s.

2.3 Precipitation Data

Annual average precipitation from a fifty-year dataset was spatially interpolated for the Kalamazoo River
Watershed NPS model.  That data overlapped the St. Joseph River Watershed and was, therefore, used
in this model.  A continuous grid of precipitation values was available (Kieser & Associates, 2001).  The
average precipitation depth obtained from the grids falling within each subwatershed was utilized as the
precipitation depth for that subwatershed in the NPS model.
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3.0 Runoff Calculations

Runoff in the St. Joseph River Watershed NPS model was determined using the approach prescribed in
the State of Michigan Part 30 - Water Quality Trading Rules (MI-ORR, 2002).  Equation 1 describes the
runoff calculation for each land use/land cover category in each subwatershed:

 Equation 1R C C C DCIA IMP A IL i P I P f L L i i, ,[ ( ) ]= + − ∗ ∗ ∗

Where, 

RL,i = total average annual surface runoff from land use L in subwatershed i (ac-in/year)
CP = pervious area runoff coefficient
CI = impervious area runoff coefficient
DCIAf = fraction of impervious area that is directly contributing
IMPL = fractional imperviousness of land use/land cover L
Ii = subwatershed precipitation (in/year)
AL,i = area of land use L (acres)

Runoff coefficients CP, CI, and DCIAf selected for the model are discussed in Section 5.0.  Values for
percent impervious surface in each land use/land cover category are presented in Table B-1.  

Table B-1.  Percent Impervious Surface in Land Use/Land Cover Categories

Land Use/Land Cover Category Impervious Surfaces (%)

Forest and Open Space 0.5

Agriculture 0.5

Residential 30

Commercial/Industrial/
Transportation

90

Water and Wetland 100
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4.0 Sediment and Phosphorus Load Calculations

NPS sediment and phosphorus loading to Lake Michigan from the St. Joseph River  was determined using
the event mean concentration (EMC) approach.  In this approach (also prescribed by the Part 30 - Water
Quality Trading Rules), sediment and phosphorus loads are calculated from runoff volumes corresponding
to a certain period of precipitation and polluant concentrations assigned to each land use/land cover
category in each subwatershed.  The EMCs used for this characterization are based on those determined
from storm water pollutant monitoring conducted during the Nationwide Urban Runoff Program for the
Rouge River, Michigan watershed (Wayne County, 1998) and are presented in Table B-2.

Table B-2.  Event Mean Concentrations from the Rouge River, Michigan Applied to the
St. Joseph  River Watershed NPS Loading Model.

Land Use/Land Cover Category
Total Suspended Solid

EMC (mg/L)
Total Phosphorus

EMC (mg/L)

Forest and Open Space 51 0.11

Agriculture 216 0.37

Residential 79 0.43

Commercial/Industrial/
Transportation

100 0.32

Water and Wetland 6 0.08

The following equation describes the method used to determine the NPS sediment and phosphorus
loads from each land use/land cover category in each subwatershed:

Equation 2M EMC R KL i L L i, ,* *=
Where, 

ML,i = annual pollutant load for land use/land cover L in subwatershed i (lbs/year)
EMCL = event mean concentration of storm water runoff from land use L (mg/l)
RL,i = stormwater runoff from land use/land cover L in subwatershed i (in/year)
K = 0.2266, a unit conversion constant

The total sediment and phosphorus loads from each subwatershed are then determined using Equation
3:
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Where, 

Mi  = annual pollutant load for subwatershed i (lbs/year)
m = number of land use/land cover categories

The total NPS sediment and phosphorus loads in the St. Joseph River Watershed can be determined
from Equation 4:

Equation 4

Where, 

M = annual pollutant load to Lake Michigan (lbs/year)
n = number of subwatersheds in the St. Joseph River Watershed

5.0  Model Calibration

The primary uncertainties in the St. Joseph River Watershed NPS phosphorus loading model are runoff
parameters and EMCs.  The EMCs (Table B-2) used in the model were developed for a Michigan
watershed (Rouge River) and are based on monitoring data.  These concentrations represent the best
available estimates of pollutant concentrations for various land use/land cover types.  Selection of
appropriate values for the runoff parameters CP, CI, and DCIAf was the focus of the model calibration.
Monitoring data collected by the USGS from 1970 - 1993 at Niles, Michigan was utilized in a published
study (Robertson, 1997) to estimate loading of sediments and phosphorus from major tributaries to Lakes
Michigan and Superior.  Reported point source loads from 1990-1999, available from the Permit
Compliance System through BASINS 3.0, in the watershed were averaged annually for sediment and
phosphorus loading (USEPA, 2001).  These loads were subtracted from the published watershed loads.
The average annual loads published in the USGS report for the St. Joseph River minus loading from point
sources were the target total loads for the model.  Therefore, the model was calibrated to achieve specific
published loads.  Therefore, the value of the model is to compare subwatersheds relative to one another,
but not to determine a total load for the entire watershed.
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5.1 Runoff Coefficients

Table B-3 summarizes literature values for the runoff parameters used in the NPS model (see Equation 1).
As indicated in the table, values for the coefficients can vary significantly.  

To improve model predictions, the published load estimates minus point source contributions for the St.
Joseph River were used as a target for the NPS model and values for the runoff parameters CP, CI, and
DCIAf were determined using an iterative solution with the minimum values reported in the literature as
initial conditions.  The values resulting in a best fit to the target load estimate are provided in Table B-3. 

Table B-3.  Literature Values for Runoff Parameters

Source CP CI DCIAf

Generally accepted values a 0.20a 0.95a 0.50b

Rouge River (Michigan) National Wet Weather
Demonstration Project (Wayne County, 1998b)

0.03 to 0.08c 0.90c 0.57d,e

Lake Allegan/Kalamazoo River NPS Phosphorus
Loading Model

0.04 0.89 0.50

St. Joseph River NPS Loading Model 0.068 0.89 0.50

aValues recommended in the State of Michigan Part 30 - Water Quality Trading Rules  (MI-ORR, 2002)
bWayne County, 1998b
cBased on Storm Water Management Model (SWMM) calibration
dValue based on field verification and SWMM calibration for individual subwatersheds
eAverage of all land use/land covers

As indicated in Table B-3, the selected parameter values for the St. Joseph River NPS loading model
correspond well with the range of literature values reported for each of the three parameters.  The
difference in the value selected (0.068) for the pervious area runoff coefficient CP and that of the generally
accepted value (0.20) recommended in the Part 30 - Water Quality Trading Rules is significant.  However,
given the highly-undeveloped and thereby highly-pervious nature of the St. Joseph River Watershed (88%
forest, open space, and agriculture), a lower value for CP is intuitive.  The selected value for the impervious
area runoff coefficient CI is slightly lower than the literature values, while the selected value for the directly
contributing impervious area factor DCIAf is on the low end of the literature values.  As with the pervious
area runoff parameter, the selected values for CI and DCIAf represent the underdeveloped nature of the
watershed.
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5.2 Model Validation

Published tributary loading data indicate that the St. Joseph River Watershed annually contributes 104
kg/ha and 0.20 kg/ha of total suspended solids and total phosphorus, respectively, to Lake Michigan
(Robertson, 1997).  Point source loading of total phosphorus accounts for approximately 25 % of the total
load; total suspended solids loading by point sources is equal to 1.4% of the total load.  The average NPS
loading rates of each pollutant derived from the NPS model were compared to the published data as a
check to the calibrations.  Table B-4 illustrates those values and illustrates that the model closely
corresponds to the published loading estimates.  The NPS load model rates are approximately 2% greater
than the published rates.  However, Robertson estimates that the watershed area is 2,996,153 acres, while
the delineation performed with the 30-meter topographic data yielded a watershed area of 2,970,014
acres.  Calibrating the NPS model to a fixed published watershed load with a smaller watershed area
resulted in a higher loading rate.

Table B-4. Comparison of published loading rates to NPS model rates.

Published
Loading

(kg/ha/year)a

Published
Loading

(lb/acre/year)

Published NPS Loading
Accounting for Point

Sources (lb/acre/year)

NPS Model
Estimate

(lb/acre/year)

Total Suspended
Solids

102 90.7 89.4b 91

Total Phosphorus 0.29 0.259 0.194b 0.197
a Robertson, 1997
b 1.4% of the total suspended solid load is  attributable  to point sources. NPS loading is equal to 98.6% of 90.7 lb/acre.
25% of the total phosphorus loading is attributable to point sources. NPS loading is equal to 75% of 0.259 lb/acre. 

6.0 Sediment and Phosphorus Load Predictions

The St. Joseph River Watershed NPS loading model was calibrated to published annual sediment and
phosphorus loads for the river (Robertson, 1997).  The model was utilized to compare NPS loading among
subwatersheds.  NPS sediment and phosphorus loading predictions for each subwatershed are presented
in Table 2 and Figures 7 and 8 of this report.  The following assumptions are inherent in the model
predictions:

C The Robertson load estimates, based on monitoring data from 1970-1993, to Lake
Michigan are reasonable and representative.

C St. Joseph River load includes instream (bedload and streambank) contributions.
C Each land use category assumes the same storm water sediment and phosphorus

concentrations throughout the watershed.
C Runoff model parameters are held constant throughout the watershed.
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7.0 Sensitivity Analysis

For each land use L in subwatershed i, the model gives the total annual pollutant load as:

      Equation 5

This sensitivity analysis looks at each adjustable term in the equation 5 while holding other terms in constant.
A variation factor "=1.2 (a 20% increase of the value) is used for each term to examine the corresponding
change of the result from Equation 5 with respect to a specific term. For example, when examining the
sensitivity of the pervious area runoff coefficient CP, we will determine the outcome of the following
equation:

       Eq. 6

where ML,i," is the annual pollutant load for land use L in subwatershed i with an increased CP.  If Equation
6 has a value greater than "=1.2, the particular adjustable term examined is considered highly sensitive.
If this value is between "=1.2 and greater than or equal to 1.1 (10% change), the adjustable term is
considered sensitive. If Equation 6 yields a value smaller than 1.1, the adjustable term is considered not
sensitive. In addition, this analysis looks at the sensitivity of the adjustable terms with regard to both land
use types and subwatersheds, as implied by the subscript of ML,i.

1. Subwatershed precipitation depth (Ii):

Equation 5 indicates that Ii has a constant return to scale and a uniform effect on loading from every land
use type. A 20% change (increase or decrease) in precipitation will lead to a 20% change in loading from
all land use types within any particular subwatershed. Therefore, Ii is a sensitive term. 

2. Event Mean Concentration of storm water runoff from land use L (EMCL)

EMCL has mathematically the same effect on load calculations as precipitation Ii for a particular land use
type. Therefore, it is a sensitive term for land use types. However, because EMCL is a function of land use
L that changes its distribution pattern from subwatershed to subwatershed, its sensitivity for subwatershed
loading will vary among subwatersheds. For example, if we vary EMCL for agriculture land by 20%,
subwatersheds with a substantial agricultural land component will have a higher load change than those 
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composed mostly of urban land uses. On the other hand, if the 20% variation of EMCs is applied to all land
use types, then all subwatersheds will have a change of pollutant load of 20%.

3. Pervious area runoff coefficient (CP)

The rest of the four adjustable terms in Equation 5 are all included in the parentheses []. Within this set of
parenthesis, IMPL varies from land use to land use. The remaining three terms are constants across all land
uses and subwatersheds. Therefore, when we consider the sensitivity of these constant terms, we also need
to take IMPL into account because (1) as Table B-1 shows, IMPL can vary from 0.005 to 1, a span of two
orders of magnitude, and (2) IMPL changes with land use types and causes different sensitivity responses
in subwatersheds with different land use distributions. 

With the calibrated parameter (term) values, the following table is constructed for CP sensitivity analysis.

" IMPL ML,i,"/ML,i

1.2

0.005 1.19

0.1 1.12

0.2 1.08

0.3 1.06

0.9 1.02

1.0 1.01

This table shows that CP is sensitive only when IMPL is small (less than 0.2). This is because smaller IMPL

(imperviousness) means higher perviousness. Pervious area runoff coefficient, CP, consequently exerts more
influence on the loading results. For a subwatershed that is predominantly agricultural or has large areas of
forest and open space (see Table B-1), CP is a very sensitive model parameter.
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4. Impervious area runoff coefficient (CI)

With the calibrated parameter (term) values, the following table is constructed for CI sensitivity analysis.

" IMPL ML,i,"/ML,i

1.2

0.005 1.01

0.1 1.08

0.2 1.12

0.3 1.14

0.9 1.18

1.0 1.19

This table shows that CI is sensitive only when IMPL is high (greater than or equal to 0.2). This is just the
opposite of CP as higher IMPL (imperviousness) means lower perviousness. Therefore, CI is very sensitive
in urban subwatersheds or subwatersheds with large areas of water and wetland.

5. Fraction of impervious area that is directly contributing (DCIAf)

With the calibrated parameter (term) values, the following table is constructed for DCIAf sensitivity analysis.

" IMPL ML,i,"/ML,i

1.2

0.005 1.01

0.1 1.07

0.2 1.11

0.3 1.13

0.9 1.17

1.0 1.17

This table shows that DCIAf is sensitive only when IMPL is high (greater than or equal to 0.2). The influence
of DCIAf (fraction of impervious area that is directly contributing) on loading is obviously positively
correlated to the imperviousness of a land use type. 
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6. Fractional imperviousness of land use/land cover L (IMPL)

Mathematically, IMPL has the same sensitivity as DCIAf for each land use type. Therefore, IMPL itself is
sensitive only when its value reaches 0.2.

The most important implication of this sensitivity analysis is that except precipitation depth (Ii), land use
distribution is the key factor deciding the sensitivity of these adjustable terms (parameters) on the model-
calculated pollutant load from a specific subwatershed. Therefore, on a subwatershed level, sensitivity of
model parameters will vary significantly. In terms of the entire St. Joseph River Watershed, because of its
high agricultural land use pattern, the pervious area runoff coefficient CP is a very sensitive parameter. The
EMC for agricultural land is also a sensitive parameter at this scale. However, no matter what scale at
which we examine the model, precipitation depth Ii is always the most sensitive parameter.
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