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1.0 Executive Summary

A preliminary non-point source (NPS) modeling effort of the Kalamazoo River watershed was
conducted using data corresponding to a 1998-1999 river monitoring period to estimate NPS loads
of phosphorus from recognized/delineated subwatersheds draining to Lake Allegan.  Monitoring data
were collected by the Michigan Department of Environmental Quality, Surface Water Quality Division
(MDEQ) for preparation of a Total Maximum Daily Load (TMDL) for phosphorus in the Kalamazoo
River and Lake Allegan.  Water quality data collected from only a few Kalamazoo River tributaries
limited the ability to otherwise estimate non-point source loading from a majority subwatershed areas.
An independent modeling assessment was therefore undertaken to better define the spatial and
temporal origin of non-point source phosphorus loads for the TMDL Load Allocation.  Modeling
targeted compilation and utilization of a consistent and updated set of relevant watershed attributes
and climatic variables.  

Non-point source modeling in this application used a combination of empirical tools, remotely sensed
data and a geographic information system database.  The approach integrates: a) high resolution land
cover data for the watershed; b) 1:250,000 digital elevation models, and; c) interpolated rainfall data
from existing weather stations to produce a consistent spatial data set for the entire watershed.  

Seasonal and annual phosphorus loads are calculated for each subwatershed using event-mean
concentrations, land cover relationships and precipitation data.  Tributary monitoring data collected
in 1998-1999 for selected subwatersheds are used to adjust NPS loading model coefficients to match
monitored load estimates to Lake Allegan. 

This non-point source modeling effort serves as an initial step to compile the critically needed, up-to-
date watershed feature database to compute phosphorus loadings for drainage areas of the Kalamazoo
River watershed.  Presently, there are no other rapid assessment means to undertake this effort with
an entire or consistent land use data set corresponding to the 1998-1999 monitoring period upon which
the TMDL is based.  All other sources of information must be derived from a patchwork of 1970's
through mid to late 1990's land cover information. Only costly and timely efforts to update these
traditionally derived land use/land cover data could be considered comparable in terms of useful
information to generate similar end products as presented here.  These current efforts serve as a
template for future loading analyses and tracking of NPS watershed improvements.

The Lake Allegan/Kalamazoo River NPS loading model, adjusted to monitoring data, yielded an
estimated load of 95,721 pounds of phosphorus (upstream of M-89 at Lake Allegan) for the seasonal
(April 1 to September 30, 1998) period. The extrapolated average annual NPS load was 157,271
pounds of phosphorus for the entire Lake Allegan watershed.  

The distribution of land cover throughout the watershed, and the corresponding non-point source
phosphorus loads derived from this effort, provide important insight into the most significant
contributors of phosphorus to the river.  Analyses indicate that nearly one-half of the non-point
phosphorus load appears attributable to urban related land covers that comprise only 8% of the total
land use in the watershed above Lake Allegan.  Although agriculture covers slightly less than half of
the land surfaces in this same drainage, only about one-third of the non-point source phosphorus load
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may originate from agriculture.  Those agricultural areas closest to the river corridor may be useful
areas to target future attention within the context of the TMDL.   

The value of this non-point source modeling effort for the Kalamazoo River/Lake Allegan TMDL  is
several fold.  Beneficial outcomes of this approach include:

C A contiguous land use/land cover data set for the base loading period of 1998-1999.
C Consistent land cover interpretation and breakdown of land uses for the entire watershed and

subwatershed areas.
C A precipitation database with comprehensive compilation of rainfall information and first-time

identification of those regional weather stations applicable to the watershed.
C Baseline non-point source loads computed using consistent parameter estimation/application

techniques.
C Distribution of non-point source loads by land use and by subwatershed.
C Loading sensitivity by drainage area for targeting and prioritizing future NPS efforts.
C Regional understanding of non-point source loads.
C Comprehensive GIS coverage of physical attributes that allows for examination of sensitive

watershed areas.
C Valuable information for future educational use in the TMDL to engage non-point source

participants and establish new partnerships.
C Evaluation of intrinsic drainage area characteristics and identification of future monitoring and

modeling needs.
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2.0 Introduction

Lake Allegan, a 1,587-acre impoundment situated approximately twenty-one river miles from Lake
Michigan in the lower portion of the 2,020 square mile Kalamazoo River watershed, has long been
noted as having impaired uses.  These relate to water quality standards violations associated with
hypereutrophic conditions attributed to excessive phosphorus loadings (MDEQ, 1999).  To fulfill the
requirements set forth in Section 303(d) of the federal Clean Water Act and the Water Quality
Planning and Management regulation at 40 CFR Part 130, a Total Maximum Daily Load (TMDL) has
been prepared by the MDEQ for the Lake Allegan drainage.  This TMDL focuses on seasonal (April-
September) limits.  (The subwatersheds contributing to Lake Allegan within the Kalamazoo River
watershed are depicted in Figure 1.)

Phosphorus loads to Lake Allegan were estimated from MDEQ monitoring data at 147,887 pounds
over the period of April-September 1998 with approximately 35% stemming from permitted point
sources and 65% from all other sources (categorized as non-point sources for “Load Allocation”
purposes) (MDEQ, 1999).  Average in-lake total phosphorus levels from April-September 1998 were
96 ug/l; an in-lake average concentration of 60 ug/l is currently targeted for the TMDL (MDEQ,
2000). This corresponds to a total phosphorus loading reduction to Lake Allegan of approximately
41% over 1998 loads.

The Load Allocation for April to June targets a 43% reduction from current non-point source loads;
July through September targets a 50% non-point source load reduction. Point sources in 1998
operated, on average, at approximately 45% of their actual NPDES permitted phosphorus limits
(MDEQ, 1999a). For the early season “Waste Load Allocation” of the TMDL, these dischargers will
be held to their 1998 operating levels; late season discharges (July – September) will require
reductions of 23% over their 1998 operating levels (MDEQ, 2000). A Margin of Safety of 300 pounds
is allocated for the early season from April through June and 150 pounds for the late season.

Targeted point source limitations, in essence, will restrict growth and require new or additional
treatment.  An Implementation Plan for the TMDL is not yet complete but due to U.S. EPA in 2001.
With one categorical exception, i.e., communities facing Phase II Storm Water Regulations, no
regulatory requirements are being considered for non-point source compliance with the Load
Allocation.  Phase II entities will be required to develop relevant plans and obtain permits; however,
no numeric or quantitative limits will be established.  With a substantial portion of the load to Lake
Allegan attributed to non-point sources, the need to identify these sources from the various portions
of the watershed is therefore critical to understanding and developing an equitable Load Allocation.

This report presents the results of a preliminary non-point source modeling analysis that estimates
these phosphorus loads from areas contributing to the Lake Allegan drainage.  This effort was
completed by KIESER & ASSOCIATES (K&A) under contract to the Kalamazoo Conservation
District.  Funding was provided by the Michigan Department of Environmental Quality, Surface Water
Quality Division and the Menasha Corporation, Paperboard Division of Otsego, Michigan.
Substantial in-kind contributions were also provided by K&A to complete this report.  Periodic
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presentation of methods and results to the various TMDL committees during the course of these efforts,
provided the opportunity for feedback and input which ultimately shaped the final form of this report.

Results of this non-point source modeling analysis are provided in the following sections of this
report:

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

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

Brief descriptions of the methods and data sets used in the Lake Allegan/Kalamazoo River non-point
source phosphorus 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 phosphorus loads, model calibration, and a model sensitivity
analysis are presented in Appendix B. 

3.1  Subwatershed Boundaries

Existing subwatershed boundaries developed by the Michigan Department of Environmental Quality,
Land and Water Management Division were used in the NPS phosphorus loading model.  Figure 1
illustrates the subwatersheds draining to Lake Allegan in relation to the overall Kalamazoo River
watershed. Each subbasin is color-coded according to the generalized MDEQ scheme.
Subwatersheds within these subbasins are numbered, corresponding to those subwatershed
designations (or “codes”) in Table 1.

Flow routing was performed for the Lake Allegan/Kalamazoo River watershed using U.S. Geological
Survey Digital Elevation Model (DEM) topographic information to confirm the accuracy of these
boundaries.  This approach provided the continuous representation of elevation for the entire area of
study as shown in Figure 2. Flow direction, flow accumulation, and finally the subwatershed
boundaries for the entire watershed were determined from fine resolution data.  The resulting
boundaries delineated with the DEM data aligned well with the existing MDEQ subwatershed
boundaries.  As a result, the existing subwatershed boundaries were adopted for use in the NPS
phosphorus loading model.  (See Appendix A for additional details.)

3.2  Land Use/Land Cover

Land use/land cover data for the Kalamazoo River watershed were produced from two October 1999
Landsat 7 satellite scenes.  Cluster analysis of data from satellite bands 1 through 6 was used to
classify the land cover data.  The resulting clusters were ordered and labeled following the level II
Andersen classification (see Appendix A).  To assess accuracy of the classifications, a random-point
generation tool was used to produce unbiased test sites for comparison to reference sites.  Aerial
photographs, ancillary GIS data, National Wetlands Inventory GIS data and Census Bureau TIGER
data were used to support class labeling.  A raster file of updated land use/land cover is the final
product of the classification process and is shown in Figure 3.  (A transparency overlay with
subwatershed boundaries and codes corresponding to Table 1 is included with this figure.)

3.3  Precipitation Data

Non-point source phosphorus loading in the Lake Allegan/Kalamazoo River watershed was predicted
for two different time periods.  The first period represented the time frame for which the Total
Maximum Daily Load (TMDL) for Lake Allegan was developed, April 1 to September 30, 1998 and
is referred to as the “seasonal” period.  The second period represented average annual 
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conditions based on long-term historical precipitation across the watershed.  The two loading
scenarios differ only in the precipitation inputs for the individual subwatersheds. 

For the historical average annual rainfall, annual precipitation values were collected from 15 weather
stations located within a 100-mile radius of the Kalamazoo River watershed spanning a time period
of January, 1949 to December, 1999.  Monthly precipitation values were available from 66 weather
stations for the 1998 April to September season.  For each of the datasets, a continuous grid of
precipitation values was created using kriging, a widely used method of interpolation.  (See also
Appendix A.)

Figure 4 presents the April 1 to September 30, 1998 kriged precipitation data.  The average annual
precipitation grid is shown in Figure 5.  The interpolated precipitation values within each subbasin
of the watershed were then averaged for each data set to provide a single precipitation value for that
subbasin representative of actual weather patterns.  Precipitation values generated with kriging of the
rain gauge data were checked for accuracy through comparison to gauge-adjusted radar data and
coarse long-term average precipitation data.

3.4 Storm Water Runoff 

Runoff in the Lake Allegan/Kalamazoo River watershed NPS model was determined using the
approach prescribed in the State of Michigan Draft Part 30 - Water Quality Trading Rules (MI-ORR,
1999).  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.  Seasonal (April 1 to September 30, 1998) runoff predicted for the Lake
Allegan/Kalamazoo River watershed in this manner is presented in Figure 6.  Figure 7 presents the
average annual runoff for the watershed.  Both figures depict an average volume of runoff in inches
for each subwatershed based on the combination of various land use/land covers and the geographic
distribution of rainfall discussed in Section 3.3.  Seasonal runoff depicted in Figure 6 is calculated
for the portion of land directly contributing to the Lake Allegan drainage in Subwatershed 78.  (This
location corresponds to the MDEQ monitoring station at the M-89 bridge crossing at the Lake Allegan
inlet; MDEQ, 1999).  The average annual runoff shown in Figure 7 includes the entirety of the
Subwatershed 78 direct drainage into Lake Allegan.

3.5 Phosphorus Loads

Non-point source phosphorus loading to Lake Allegan was determined using the event mean
concentration (EMC) approach.  In this approach (also prescribed by the Draft Part 30 - Water Quality
Trading Rules), phosphorus loads are calculated from runoff volumes corresponding to a certain
period of precipitation and phosphorus 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).  Seasonal and average annual
phosphorus loads predicted with the NPS model are presented in Figures 8 and 9, respectively.
Phosphorus loading from each subwatershed is depicted in units of lbs/acre/(unit of time--seasonal
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or yearly) 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 land use/land cover.  Based on the
land cover data generated from satellite imagery, the 992,884 acres of the Kalamazoo River watershed
draining to Lake Allegan is comprised of 40.8% forest and rural open areas, 44.8% agriculture, 3.1%
residential, 1.1% commercial and industrial, 3.6% transportation, and 6.6% open water and wetlands.
Table 1 summarizes these land cover types by subwatershed.  The urban centers of Kalamazoo and
Portage, Battle Creek, Otsego and Plainwell, Marshall, and Albion are evident as large clusters of
residential, commercial, and industrial land covers (Figure 3).  The remainder of the watershed is a
patchwork of agriculture, forests/open areas, open water and wetlands.

The topography of the Kalamazoo River watershed, derived from the USGS Digital Elevation Models,
is displayed in Figure 2.  The region is characterized by gently rolling surfaces resulting from glacial
moraines.  Elevations range from approximately 600 feet above sea level to just over 1,260 feet.  The
highest elevations are observed in the eastern portions of the watershed.  The Kalamazoo River
floodplain is visible as a wide band of lower elevations surrounding the Kalamazoo River in Figure
2.

Figures 10 to 13 illustrate the percent distribution of land cover types by subwatershed.  Figure 10
shows that agricultural lands are typically more prevalent in the eastern, upstream portions of the
watershed.  Subwatersheds 6 (Lampson Run Drain), 17 (North Branch of Rice Creek), 20 (Kalamazoo
River), 22 (Kalamazoo River), 27 (Hogle and Miller Drain), and 29 (Big Creek) exhibit the highest
percentage of agricultural lands.  A very limited amount of agricultural land use is noted in
subwatersheds 41 (Battle Creek) and 62 (Portage Creek), which overlap the municipalities of Battle
Creek and Portage, respectively.

Forested and open areas by subwatershed are displayed in Figure 11.  Areas with a greater percentage
of these land covers tend to be found in the central and western portions of the Kalamazoo River
watershed.  Subwatershed 52 (Kalamazoo River), located just west of Battle Creek, exhibits the
highest percentage of forested and open land, at 63%.  The remainder of the subwatersheds primarily
fall within 30% and 60% open and forested areas.  The subwatersheds with the least forested/open
land cover are those that tend to have the highest percentage of land cover in agriculture (refer to
Figure 10.)

Wetlands and open water by subwatershed are depicted in Figure 12.  The majority of the
subwatersheds in the Kalamazoo River watershed range between 1 and 10% open water and wetland
areas.  Subwatershed 68, the Gun River subwatershed, exhibits nearly 24% water and wetland areas.
Gun lake contributes a large portion of the open water in this subwatershed.  Those subwatersheds
with a significant number of inland lakes tend to most influence this land cover distribution scheme.

Figure 13 displays percent urbanized land cover by subwatershed.  Urban areas include residential,
commercial, industrial, and transportation land covers.  The subwatersheds overlapping Kalamazoo,
Portage, and Battle Creek exhibit the highest percentages of these land cover types.  Subwatersheds
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overlapping Charlotte, Otsego, and Plainwell also have notably higher urban land covers relative to
other subwatersheds.  

Figure 14 displays the percent impervious surface cover by subwatershed as a function of the
hydrologic modeling approach utilized in this effort (refer to Appendix B).  The subwatersheds that
demonstrate the highest percentages of urban land covers in Figure 13 also demonstrate the highest
percentages of impervious surfaces; e.g., Subwatersheds 62 (Portage Creek), 63 (Portage Creek), and
41 (Battle Creek). 

The range and distribution of land slopes in the watershed are illustrated in Figure 15.  Average
slopes for each subwatershed are also included in this figure.  The steepest areas of the Lake Allegan
drainage are often observed along the banks of the Kalamazoo River floodplain, reaching slopes of
35% and higher.  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.  With the level of spatial detail in this data set, application of
a range of Best Management Practices or other controls can be assessed at a more finite scale in future
evaluations (beyond the scope of this project) to allow for a prioritization of non-point source loading
reduction targets.
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5.0 Non-point Source Phosphorus Loading

The Lake Allegan/Kalamazoo River non-point source phosphorus loading model predicted a load of
95,721 pounds of phosphorus (upstream of M-89 at Lake Allegan) for the seasonal (April 1 to
September 30, 1998) period. The predicted average annual load was 157,271 pounds of phosphorus
(entire Lake Allegan watershed).  Non-point source phosphorus loading predictions for each
subwatershed contributing to Lake Allegan are presented in Table 1 and Figures 8 (seasonal loads)
and 9 (annual loads).

Table 1 indicates that non-point source phosphorus loads throughout the Lake Allegan drainage’s 78
identified subwatersheds are somewhat evenly distributed.  This might suggest that blanket reductions
across each drainage will be needed to achieve the significant reductions noted in the non-point source
Load Allocation of the TMDL.  However, when one examines Figures 8 and 9, it is evident that a non-
point source strategy with a focus on geographic areas, may yield the best opportunities for significant
reductions.  Clustered drainage areas surrounding the large urban areas of Kalamazoo and Battle
Creek, for example, as well as heavier agricultural areas in the east-central portions of the watershed
near the Kalamazoo River, suggest that targeted efforts in these areas may be useful for achieving early
reductions.  This is not to suggest that watershed improvement efforts in other sections of the
watershed do not merit attention, rather TMDL-related efforts may be better served by initiating
reductions where investments potentially yield higher returns in terms of phosphorus loading
reductions to the river.

Figure 16 summarizes land cover and loading information from Table 1.  It offers yet another
illustration of how these modeling results may provide focus to developing a strategic NPS reduction
plan.  For example, although agriculture represents roughly 44% of the land cover in the Lake Allegan
drainage, it contributed less than approximately one-third of the predicted seasonal phosphorus load
in 1998.  Conversely, the percentage of urban land covers including transportation (4%), commercial
and industrial (1%) and residential areas (3%) combined, represent approximately 8% of the entire
drainage yet contributed nearly one-half of the non-point source phosphorus load during this same time
period.  

It is valuable to note that forests, open areas and water/wetlands cover almost one-half of the land
area in the watershed while representing only about 20% of the phosphorus load.  Although this ratio
of land cover to load reflects a relatively small contributing proportion of the overall load, the 20%
can be viewed as the “natural background” contribution associated with relatively undisturbed
conditions.  As such, there will be few opportunities or techniques to reduce non-point source
contributions from these background sources.  Protection, preservation and/or conservation
development practices should therefore be promoted as an integral element of the long-term TMDL
Implementation Plan in these areas.  Moreover, the inability or impracticality of reducing loads from
these sources shifts the burden of additional reductions onto the manageable sources (urban and
agriculture).  This situation, in effect, requires a substantially greater percentage of reduction from
these other areas than implied from the broader 43-50% reduction goal in the TMDL  Load Allocation.
This will have significant ramifications in the overall approach to future NPS reductions. 
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6.0 Conclusions/Recommendations

The non-point source modeling efforts described herein, provide a first-cut analysis of the relative
non-point source loads stemming from various land uses/land covers in portions of the Kalamazoo
River watershed draining to Lake Allegan.  The modeling approach used in this effort offers a variety
valuable tools and results here-to-for not available for use in the Kalamazoo River/Lake Allegan
phosphorus TMDL.  Such valuable attributes include: 

< Land use distributions by subwatershed and for the overall drainage to Lake Allegan using
data for a concurrent water quality monitoring period.  (This offers a baseline set of conditions
from which all future improvement efforts can be compared.)

< Land cover data for the entire watershed derived from a single source (1999 satellite images)
and consistently interpreted with a consistent method.

< Fine scale resolution of subwatershed characteristics including land use, elevations and other
applicable data compiled in a GIS format.

< Identification of rainfall patterns that vary dramatically across the watershed during any given
month; (non-point source loads are highly sensitive to rainfall amounts). 

< Seasonal and annual non-point source phosphorus loading estimates from subwatersheds
above Lake Allegan to identify those areas of the watershed most contributing to the NPS load.

< Estimated phosphorus loads by land use categories within each subwatershed allowing for
identification of land uses and locations that may offer the best opportunities for substantial
phosphorus load reductions.

< A non-point source modeling approach that offers a relatively simple, yet reasonable method
to estimate seasonal and annual phosphorus loads in a manner consistent with new Water
Quality Trading rules being promulgated by the state of Michigan.

< Modeling that utilizes actual monitoring data to adjust model coefficients rather than literature
derived estimates from other watersheds.

< Use of concurrent land cover, precipitation and monitoring data, along with a consistent set
of model coefficients thus offering a spatially and temporally superior approach to more
complex deterministic models that would require a significant level of sophistication not
readily achievable in the short-time frame available for this effort.   

< An evaluation of intrinsic subwatershed features related to hydrology and hydraulics that
identifies the need for more intensive and long-term monitoring in urban subwatersheds.

< Mapping of sensitive and/or critical watershed areas where protection or restoration may
provide the greatest long-term benefits to mitigate future loads and reduce current loads.

The scope of this modeling effort was not intended to provide a comprehensive analysis that would
result in recommendations for specific non-point source loading reductions.  Rather, it was to lay the
groundwork for such future efforts by providing a highly applied and useful template to begin these
types of analyses using concurrent, watershed-specific information in a GIS format.  Such future efforts
and/or applications should therefore include:
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C Utilization of non-point source loading information and important land use information in
educational efforts under the TMDL to engage new partners in the process.

C Tracking of future NPS site-specific improvements such that reductions are subtracted from
baseline conditions to address the Load Allocation.

C Updating the non-point source model as new monitoring data become available from
tributaries and river as it discharges into Lake Allegan.

C Identification and institution of approaches to “re-calibrate” modeled loads discharging into
Lake Allegan at M-89 to account for potential instream contributions (sediment resuspension
and stream bank erosion along the river channel) that are now lumped into the overall non-
point source load and used to adjust model coefficients.

C Development of linkages to future water quality models to better account for instream transport
and other processes that more accurately reflect the importance of geographic origins of non-
point source loads.

Several non-point source phosphorus loading issues have been identified through this preliminary
effort that should also be addressed in future TMDL evaluations.  These include the following.

C Flow variability and uncertainty (error) associated with monthly or bimonthly sampling
indicates that more intensive sampling is needed during the seasonal TMDL loading months,
especially within urbanized subwatersheds with flashy hydraulics. 

C Year to year loading variability and the amount of phosphorus entering the system and being
retained in Lake Allegan from winter/early spring months is not addressed in the TMDL.  Year
round monitoring and/or annual loading estimates should thus be considered in the TMDL
Implementation Plan.

C Annual variations in non-point phosphorus loads, flow variability in the river and future
monitoring should be used to periodically re-examine target goals for the Lake Allegan TMDL.

C A strategic monitoring plan should be developed for the watershed based on information
derived from this modeling effort to ensure that limited funding is best used to track the most
critical temporal and spatial details needed to assess water quality improvements.

C Geographic variations in rainfall patterns should continue to be recognized as an important
factor influencing non-point source loads and thus continue to be utilized in a manner
consistent with this report.
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Figure 1. The Kalamazoo River Watershed Showing Def ined Subw atersheds
and Associated Tributaries Draining to  Lake Al legan.
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September 30, 1998.  This period is referred to as the “seasonal” period  The two loading scenarios
differ only in the precipitation inputs for the individual subwatersheds. 

Rainfall data representative of natural weather patterns were desired in this assessment, given the
large size of the watershed.  For this reason, the GIS was used to develop continuous rainfall grids
from precipitation data at point locations throughout the region.  From the continuous grid, average
rainfall totals for each subwatershed were determined for use in the NPS model.  Development of
these datasets is discussed in the following sections.

4.2  Annual Average Precipitation

To develop the average annual rainfall across the watershed, monthly precipitation data was collected
from 15 weather stations located within a 100-mile radius of the Kalamazoo River watershed for the
time period spanning January, 1949 to December, 1999. The locations of these stations are shown in
Figure A-2.  Annual averages were calculated from the monthly precipitation totals for each station.
These averages were then interpolated in the GIS between weather stations to create a continuous grid
of annual rainfall averages, simulating natural weather patterns.  A method of interpolation known as
“kriging” was employed for this operation.  This method of predicting unknown values from data
observed at known locations is widely used, as it minimizes the error of the predicted values (Journel
and Huijbregts, 1981).  An advantage of kriging is that the error associated with interpolated points
is known.  Figure 5 of this report displays the continuous precipitation grid resulting from the kriging
algorithm. Figure A-3 displays the variance of the kriged data.  The variance of the kriged
precipitation dataset ranged between 0.084 inches and 0.161 inches for the Kalamazoo River
watershed.  The average variance was 0.136 inches, with a standard deviation of 0.018 inches.

The continuous long-term annual average rainfall grid was compared with existing coarse long-term
precipitation data for the state of Michigan.  This existing data, generated using PRISM (Parameter-
elevation Regressions on Independent Slopes Model) by the Oregon Climate Service, provides a long-
term average of precipitation for the entire United States (Daly and Taylor, 1998) with a single pixel
in the dataset covering approximately six square miles.  Figure A-4 presents the PRISM data covering
southern Michigan. Though using continuous data such as these for phosphorus loading calculations
may provide a natural representation of actual conditions than a single precipitation measure, the
coarse resolution of the PRISM dataset offers little improvement over traditional point location
precipitation estimates.  However, the PRISM data did provide a baseline against which the kriged
precipitation data could be compared. 

For the entire area over which a precipitation grid was generated via kriging, the kriged dataset varied
from the PRISM dataset between -2.57 inches and 7.48 inches of precipitation annually.  The two
datasets varied between 2.09 inches and 6.65 inches of precipitation annually across the Kalamazoo
River watershed, with a mean of 3.90 inches and a standard deviation of 0.75 inches.  As expected
due to the coarse nature of the PRISM data, rainfall values in the two datasets did not compare well.
However, the general patterns represented in the datasets were comparable.
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4.2 Seasonal Precipitation

To develop the seasonal rainfall across the watershed, monthly precipitation data for the April 1 to
September 30, 1998 period were collected from 66 weather stations located within a 100 mile radius
of the watershed.  The locations of these stations are shown in Figure A-2.  Precipitation totals at each
station for the season were interpolated using the kriging algorithm to generate a continuous grid of
precipitation extending beyond the watershed boundaries.  Figure 4 of this report presents the kriged
precipitation for April 1 to September 30, 1998.  The variance associated with this kriged data is
presented in Figure A-5.  The variance for the Kalamazoo River watershed ranged between 0.33
inches and 6.91 inches.  The mean variance was 3.84 inches, with a standard deviation of 1.31.  The
variance associated with the seasonal grid is higher than that of the average annual grid due to the use
of more weather stations in the interpolation.  

As with the average annual precipitation data, a second precipitation dataset, National Weather
Service NEXRAD radar data,  was used in an experimental method to confirm the accuracy and
precision of the dataset.  The Global Hydrology Resource Center generates daily rainfall totals on a
two kilometer national grid from composite radar data provided by the National Weather Service and
redistributed by WSI Corporation. A radar reflectivity to rainfall rate relationship (Z-R) developed
by Woodley, et al. is applied to the composite radar data to produce the daily rainfall totals data.  Six
months (April to September) of 1998 daily, radar-derived precipitation data were compiled.  

The Woodley, et al. (1975) Z-R relationship approximates the rainfall total from the instantaneous
rainfall rate and can sometimes produce over- or under-estimations of the total rainfall.  When
summing the daily rainfall over long periods of time, error in the rainfall total dataset compounds and
produces an unreasonable long term total. This was observed in the total radar-derived rainfall from
April through September, 1998.  Maximum rainfall totals were overestimated by a factor of 2
compared to ground observations.  Radar-derived precipitation surfaces can be adjusted with a linear
regression relationship developed from a reasonable number of point precipitation data from ground
observations available within the study area.
 
To adjust the radar-derived precipitation, sixty-five ground observation points were used with the
radar data grid to develop a linear adjustment relationship. The resulting regression provided a fair
data fit with an R =0.51. Applying the regression equation back to the radar data surface produced a2

more reasonable representation of rainfall totals relative to the six month total rainfall values at the
ground observation points.  The strength of using radar-derived precipitation is in its representation
of spatial patterns and distributions of rainfall. This was used in evaluating the accuracy of
interpolated rainfall surfaces produced from different methods.  

Figure A-6 displays the radar-derived precipitation data April 1 to September 30, 1998 period.
Though the two datasets vary noticeably in small pockets, similar patterns are observed.  Overall, the
kriged precipitation data grid and the radar precipitation data grid varied less than 2% for the area
covering the Kalamazoo River watershed. The experimental use of this radar data showed it to be a
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very important dataset to use in non-point source modeling with its high resolution coverage once
reliability and accuracy improve.   

4.3 Representativeness of the 1998 Season

Upon comparing seasonal and annual precipitation for 1998 to the long-term rainfall data it was
evident that 1998 was an under-representative year of precipitation for the region.  The Three Rivers
weather station was selected for this analysis due to the availability of data and  proximity to the
watershed.  

Using data from the Three Rivers station, cumulative frequency distributions were generated for both
seasonal (Figure A-7) and annual precipitation (Figure A-8) from the long-term precipitation data.
The average seasonal and annual precipitation values for 1998 were then compared to the respective
cumulative distribution curves.  For the seasonal comparison, the average long-term precipitation was
21.53 inches.  The average precipitation for 1998 at Three Rivers was 15.34 inches, which falls
outside on one standard deviation from the mean (+/- 3.93 inches).  The kriged precipitation value for
Three Rivers in 1998 was 18.61 inches, which was slightly within one standard deviation from the
mean.  Therefore, 75% of the years between 1949 and 1999 had seasonal precipitation greater than
the seasonal kriged value for 1998.

For the annual comparison, the average annual long-term precipitation value for Three Rivers is 35.24
inches.  The actual annual average for 1998 was 31.76 inches, while the kriged annual value for Three
Rivers was 31.72 inches.  Both the actual average and kriged annual precipitation fell slightly within
one standard deviation from the mean (+/- 5.34 inches). Therefore, 80% of the years between 1949
and 1999 had annual precipitation greater than the annual kriged value for 1998.                          
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calibration.  Monitoring data for selected tributaries and the Kalamazoo River were collected by
MDEQ in 1998 during development of the phosphorus TMDL.  Load estimates based on the
monitoring data were developed by MDEQ and used in the NPS model calibration.

5.1 Load Estimates from MDEQ Monitoring

In 1998, phosphorus concentrations were measured in selected tributaries and the Kalamazoo River
by MDEQ.  The tributaries were divided into primary and secondary tributary sampling locations
based on sampling frequency.  At each primary location, three samples per month were collected
during wet weather in the months of April through September, 1998.  At the secondary sampling
locations, one wet weather sample per month was collected during the same period.  Estimates of
seasonal (April 1 to September 30, 1998) phosphorus loads were developed from these data and are
presented in ‘Loading Assessments of Phosphorus Inputs to Lake Allegan, 1998' (MDEQ, 1999).
Monitoring-based load estimates for six tributaries and the Kalamazoo River at M-89 were selected
for assessment of the model.  Locations were selected based on knowledge of actual sampling
locations of the tributaries and the ability to directly compare to predicted loads from the
subwatershed boundaries specified in the NPS model.  The reported NPS loads for these locations
were adjusted using a drainage area (DA) ratio, to allow for direct comparison to subwatersheds in
the model.  Table B-3 presents the monitoring-based reported and adjusted loads estimates, as well
as drainage area rations and corresponding NPS model subbasins.  

Table B-3.  Summary of 1998 Seasonal Load Estimates from MDEQ Monitoring and Adjusted Loads Used in
Model Calibration.

Sampling Location P) Subwatersheds DA (lbs P)

Load Estimated
from Corresponding

Monitoring (lbs Model Adjusted LoadDA /model

monitored

Comstock Creek 474 54 1.4 6671

Davis Creek 1,098 56 1.1 1,2112

Gun River 3,522 68 through 70 1.3 4,5801

Portage Creek 4,756 57 though 62 0.65 3,1111

Schnable Brook 2,538 75 0.97 2,4602

Seven Mile Creek 555 46 1.3 7472

Kalamazoo River @ M-89 94,445 1 through 77, 1.0 94,4451

portion of 78

Denotes MDEQ primary sampling location1

Denotes MDEQ secondary sampling location2
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5.2 Runoff Coefficients

Table B-4 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.  Preliminary estimates
from the NPS model predicted much higher watershed loads than those expected based on the
monitoring data, indicating that the generally accepted values for C  and C  originally used in theP I

model substantially over-predicted storm water runoff.

To improve model predictions, the monitoring-based load estimate for the Kalamazoo River @ M-89
was used as a target for the NPS model and values for the runoff parameters C , C , and DCIA  wereP I f

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 monitoring-based load estimate are provided in
Table B-4.  (A comparison of predicted loads to monitoring-based loads is presented in the next
section.)  Storm water runoff predicted with the selected runoff parameter values for the 1998
seasonal and average annual periods are shown in report Figures 6 and 7, respectively.

Table B-4.  Literature Values for Runoff Parameters

Source C C DCIAP I f

Generally accepted values 0.20 0.95 0.50a a a b

Rouge River (Michigan) National Wet Weather 0.03 to 0.08 0.90 0.57
Demonstration Project (Wayne County, 1998b)

c c d,e

Lake Allegan/Kalamazoo River NPS Phosphorus 0.04 0.89 0.50
Loading Model

Values recommended in the State of Michigan Draft Part 30 - Water Quality Trading Rules (MI-ORR, 1999)a  

Wayne County, 1998bb

Based on Storm Water Management Model (SWMM) calibrationc

Value based on field verification and SWMM calibration for individual subwatershedsd

Average of all land use/land coverse

As indicated in Table B-4, the selected parameter values for the Lake Allegan/Kalamazoo River NPS
phosphorus loading model correspond well with the range of literature values reported for each of the
three parameters.  The difference in the value selected (0.04) for the pervious area runoff coefficient
C  and that of the generally accepted value (0.20) recommended in the Draft Part 30 - Water QualityP

Trading Rules is significant.  However, given the highly-undeveloped and thereby highly-pervious
nature of the Kalamazoo River watershed (>85% forest, open space, and agriculture), a lower value
for C  is intuitive.  The selected value for the impervious area runoff coefficient C  is slightly lowerP I

than the literature values, while the selected value for the directly contributing impervious area factor
DCIA  is on the low end of the literature values.  As with the pervious area runoff parameter, thef

selected values for C  and DCIA  represent the underdeveloped nature of the watershed.I f
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5.3 Comparison of Predicted and Monitoring-Based Loads

After determining the values for the runoff parameters C , C , and DCIA  (0.04, 0.89, and 0.50,P I f

respectively) using the monitoring-based load from the Kalamazoo River @ M-89 as a target, NPS
phosphorus loads were predicted and compared to the adjusted tributary loads presented in Table B-3.
Table B-5 summarizes this comparison.

Table B-5.  Comparison of Model Predicted Loads to 1998 Seasonal Monitoring-Based Load Estimates.

Sampling Location (lbs P) Load (lbs P) (%)
Adjusted Load Predicted Difference

Comstock Creek 667 1,106 661

Davis Creek 1,211 1,837 522

Gun River 1,869 6,117 341

Portage Creek 3,111 4,908 581

Schnable Brook 2,460 2,232 -92

Seven Mile Creek 747 718 -42

Kalamazoo River @ M-89 94,445 95,721 11

Denotes MDEQ primary sampling location1

Denotes MDEQ secondary sampling location2

As indicated in Table B-5, predicted loads for the Gun River, Schnable Brook, and Seven Mile Creek
tributaries coincided well with monitoring-based load estimates.  For the more urbanized Portage and
Davis Creek watersheds, the NPS model predicted loads 50% higher than those estimates from
monitoring.  This is likely due to the nature of flow in urban streams during rain events, which is
generally characterized by sharply rising and falling hydrographs.  In addition, storm water runoff can
impact stream flows significantly during even small rain events.  For these reasons, it is likely that the
load estimates based on a very limited number (one to three) weather samples per month
underestimate the actual wet weather loads from these tributaries.

6.0  Phosphorus Load Predictions

The Lake Allegan/Kalamazoo River NPS phosphorus loading model predicted a load of 95,721
pounds of phosphorus (upstream of M-89 at Lake Allegan) for the seasonal (April 1 to September 30,
1998) period. The predicted average annual load was 157,271 pounds of phosphorus (entire Lake
Allegan watershed).  Non-point source phosphorus loading predictions for each subwatershed
contributing to Lake Allegan are presented in Table 2 and Figures 6 (seasonal loads) and 7 (annual
loads) of this report.  The following assumptions are inherent in the model predictions:
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C The MDEQ monitored load to Lake Allegan is reasonable and representative
C Lake Allegan load includes instream (bedload and streambank) contributions
C Each land use category assumes the same phosphorus concentration throughout the

watershed
C Runoff model parameters are held constant throughout the watershed

7.0  Sensitivity Analysis and Tributary Load Investigation

The following sections describe the model sensitivity analysis for selected input parameters and an
evaluation of the monitoring-based tributary load estimates.

7.1 Model Sensitivity to EMCs and Runoff Parameters

The sensitivity of model predictions to selected EMCs, subwatershed precipitation values, and runoff
equation parameters (C , C , DCIA ) was evaluated by varying each of these inputs by directP I f

percentages (10, 25, 50, 75, and 100%) and observing the effect on the total predicted non-point
source load upstream of Lake Allegan. 

The model was found to be most sensitive to selected EMCs and precipitation values, as indicated
by a direct 1:1 relationship observed in the sensitivity analysis.  Direct, though less strong,
relationships between values for the runoff parameters C , DCIA , and C  (1:0.68, 1:0.66, and 1:0.32,I f P

respectively) and the predicted watershed load were also observed.  

7.2 Tributary Load Investigation

The hypothesis that the monitoring-based load estimates for urbanized watersheds under-predicted
actual conditions was investigated using the model calibration procedure, but for each of the
individual monitored tributaries.  Using the iterative solution, tributary-specific values were
determined for the runoff parameters C , C , DCIA .  Using the resulting tributary-specific runoffP I f

parameters, the total load upstream of Lake Allegan (Kalamazoo River @M-89) was predicted and
compared to the monitoring-based estimate.  The results of this analysis are presented in Table B-6.

As indicated in Table B-6, the use of tributary-specific runoff parameters resulted in gross
underestimates of the total load upstream of Lake Allegan for three of the monitored tributaries
(Comstock Creek, Davis Creek, and Portage Creek).  Comparison of the selected values for the runoff
parameters (Table B-4) to the values for the parameters solved for each individual tributary reveals
that the resulting combination of values were unrealistic for these tributaries.  For example in the
Portage Creek subwatershed, the values of 0 and 0.86 for C  and C , respectively, are counter-intuitiveP I

given the highly developed nature of the drainage area.  This analysis confirmed the hypothesis that
the monitoring-based estimates of tributary loads likely under-predicted actual loads in the more
urbanized tributaries.
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Table B-6.  Model Predictions Using Tributary-Specific Runoff Parameters

Sampling Parameters (lbs Based Estimate Difference
Location P) (lbs P) (%)

1998 Seasonal Load at Kalamazoo River @ M-89
Tributary-Specific Runoff

Parameters

Predicted Load
Using Tributary-
Specific Runoff Monitoring-

C C DCIAP I f

Comstock Creek 59,783 94,445 37 0 0.98 0.491

Davis Creek 46,015 94,445 51 0 0.87 0.432

Gun River 71,775 94,445 24 0.01 0.88 0.601

Portage Creek 44,583 94,445 53 0 0.86 0.421

Schnable Brook 103,1951 94,445 -9 0.03 0.88 0.692

Seven Mile Creek 99,109 94,445 -5 0.04 0.902 0.50
Denotes MDEQ primary sampling location1

Denotes MDEQ secondary sampling location2
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