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1.0 Introduction  
 
The Kalamazoo River watershed drains approximately 2,000 square miles of land that discharges into Lake 
Michigan at Saugatuck, Michigan.  This 8-digit HUC watershed (#04050003) has numerous water quality 
issues resulting from historic and current land use decisions.  One of the major problems in the watershed 
is nutrient enrichment of Lake Allegan, a reservoir on the Kalamazoo River mainstem west of the City of 
Allegan.  Lake problems associated with the over-enrichment of phosphorus include nuisance algal blooms, 
low oxygen levels, poor water clarity, and a fish community heavily unbalanced and dominated by exotic 
carp. 
 
Agriculture and forested land cover approximately 70% of the Kalamazoo River watershed, while developed 
urban lands represent only 8%.  A 2001 watershed pollutant loading study found that urban land covers 
(transportation, industrial, and residential) may represent up to 50% of the overall nonpoint source 
phosphorus load to the Kalamazoo River (K&A, 2001). Where new development pressures exist, pollutant 
loads will increase unless policies are in place to mitigate impacts of new development.  In Kalamazoo 
County, for example, land is being developed at 2.5 times the population growth, resulting in loss of 
farmland and forested areas (MSU, 2007).  Despite a phosphorus TMDL that addresses existing nonpoint 
source loads as of 1998, these new development pressures and potentially negative impacts on hydrology, 
water quality, TMDL or watershed management goals in the Kalamazoo River watershed are not explicitly 
being addressed1.  A statistical analysis of the last ten years of monitoring data since 1998 shows no 
progress had been made towards these load reduction goals (K&A, 2007)2.   
 
In the last ten years, several nonpoint source modeling studies have been conducted in major 
subwatersheds of the Kalamazoo River watershed and for the Lake Allegan/Kalamazoo River TMDL (K&A, 
2001). However, no study has yet modeled the Kalamazoo River watershed in its entirety, and pollutant 
loading information is lacking for several areas including the mouth and headwaters of the Kalamazoo 
River. The development of a Kalamazoo River Watershed Management Plan (WMP) requires the 
quantification of current pollutant loads.  It also needs an assessment of potential load changes resulting 
from future land development and land use change in the watershed.  
 
To address these two WMP needs, a watershed-wide, nonpoint source empirical model was run by K&A as 
part of the WMP to estimate runoff volumes and pollutant loads from existing land cover.  Runoff volumes 
and pollutant loads were calculated using average runoff depth values produced by the Long-term 
Hydrologic Impact Assessment model (L-THIA) and available pollutant event mean concentration (EMC) 
values. Loads and volumes were calculated for άcurrentέ conditions (2001 land use; the most recent and 
comprehensive set of land cover data) and for future conditions in 2030 using a land use layer produced by 
the Land Transformation Model3 (LTM).  The LTM data layer was used at three different scales: watershed, 
subwatershed and municipal/township levels. These modeling results were used to assess the impact of 

                                                      
1
 The phosphorus Total Maximum Daily Load (TMDL) developed for Lake Allegan, which includes the entire watershed 

area upstream of Lake Allegan, requires a 43% reduction for nonpoint source phosphorus load for the April-June 
season, and a 50% reduction for the July-September season (Heaton, 2001). These reductions can only be achieved 
through the implementation of not only agricultural best management practices, but urban best management 
practices and policies, as well. 
2
 A copy of this presentation can be downloaded at: http://kalamazooriver.net/tmdl/docs/M-

89%20NPS%20Loading%201998-2007.pdf 
3
 LTM developed by Bryan Pijanowski, et al. and currently hosted by Purdue University (Pijanowski, et al., 2000, 2002). 
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future potential urban development on water quality and to estimate the costs necessary to achieve water 
quality goals. This report presents the methodology and results of this watershed-wide modeling effort.  

 

2.0 Methods  
 
The methods used in this analysis provide WMP stakeholders with information on current and predicted 
future runoff from the landscape within the watershed, nutrient loading from specific land cover, and 
potential costs to offset phosphorus loads now and in the future.  Explanations of these models, input 
values, and assumptions are outlined below.    
 

2.1 Model Descrip tions  
 
The build-out analysis for the Kalamazoo River WMP was developed by coupling a GIS-based runoff model 
with regionally recognized event mean concentration (EMC) values from the Michigan Trading Rules (Part 
30), future land use data, and runoff data.  L-THIA GIS, a simple rainfall-runoff model, was used to generate 
runoff values for both current and future build-out conditions.  The future land use layers used in the build-
out analysis were produced by the LTM, a GIS-based land use change model developed by researchers from 
Michigan State University and currently hosted by Purdue University (Pijanowski, et al., 2000, 2002)4.  The 
first step in this modeling effort coupled values from the L-THIA model with EMC values for Michigan to 
establish baseline pollutant loads and runoff volume in the Kalamazoo River watershed. The second 
modeling step incorporated predicted land use in 2030 from the LTM to calculate pollutant load and runoff 
volume changes that may result from projected changes in land cover in the future. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
4
  Information on the land transformation model and data for download is available at: 

http://ltm.agriculture.purdue.edu/ltm.htm. 

LONG-TERM HYDROLOGIC IMPACT ASSESSMENT 

L-THIA WAS DEVELOPED AS A SIMPLE-TO-USE, ONLINE ANALYSIS TOOL PROVIDING AN ASSESSMENT OF THE 

IMPACT OF LAND USES ON RUNOFF.  L-THIA CALCULATES AVERAGE ANNUAL RUNOFF FOR EACH UNIQUE 

LAND USE/SOIL CONFIGURATION USING LONG-TERM CLIMATE DATA FOR A SPECIFIED AREA.  L-THIA USES THE 

SCS CURVE NUMBER METHOD TO ESTIMATE RUNOFF, A WIDELY APPLIED METHOD ORIGINALLY DEVELOPED 

BY THE UNITED STATES DEPARTMENT OF AGRICULTURE (USDA, 1986).  THE ARCVIEW EXTENSION L-THIA GIS
1
 

WAS USED IN THIS ANALYSIS. 

 

LAND TRANSFORMATION MODEL 

THE LAND TRANSFORMATION MODEL IS A GIS-BASED MODEL THAT PREDICTS LAND USE CHANGES BY 

COMBINING SPATIAL RULES WITH ARTIFICIAL NEURAL NETWORK ROUTINES. SPATIAL RULES TAKE INTO 

ACCOUNT A VARIETY OF GEOGRAPHICAL, POLITICAL, AND DEMOGRAPHIC PARAMETERS SUCH AS 

POPULATION DENSITY, POPULATION GROWTH PROJECTIONS, LOCATION OF RIVERS AND PUBLIC LANDS, 

DISTANCE FROM ROADS, AND TOPOGRAPHY (PIJANOWSKI ET AL., 2002).  THE MODEL AND ADDITIONAL 

INFORMATION ARE AVAL[!.[9 Cwha t¦w5¦9 ¦bL±9w{L¢¸Ω{ ²9.{L¢9Φ [¢a ²!{ w¦b Chw ²L{/hb{LbΣ 

ILLINOIS, AND MICHIGAN AS PART OF THE EPA STAR ILWIMI PROJECT AND THE 2000-2030 TIME SERIES 

LAYERS ARE AVAILABLE ON THE LTM WEBSITE.  THE LTM MICHIGAN LAND USE LAYERS FOR 2000 AND 2030 

WERE SELECTED FOR USE IN THIS ANALYSIS. 

 
 

 

http://ltm.agriculture.purdue.edu/ltm.htm
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The LTM land use layer for the year 2000 actually used the 2001 IFMAP land use/land cover dataset5 as a 
base layer.  For consistency purposes, this project references all analyses done using the LTM 2000 layer as 
2001. The LTM land use categories are based on a reclassification of IFMAP categories using the USGS GAP 
land use coding system (ǎŜŜ tǳǊŘǳŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ [¢a ǿŜōǎƛǘŜύΦ  The build-out analysis was conducted using 
the LTM land use categories.  Due to variation in land use category descriptions between the datasets, 
categories equivalent to the LTM descriptions were matched.  The category equivalents for IFMAP, L-THIA 
and LTM are provided in Table 1.  It should be noted that LTM layers have a 100-m resolution. 
 

Table 1. Equivalence of land use categories between L-THIA, LTM and IFMAP datasets. 

LTM 
Land Use 

Code 

LTM  
Land Use Category 

L-THIA  
Land Use Category 

Equivalent 2001 IFMAP  
Land Use Category 

11 Urban -commercial Commercial 
 High Intensity Urban 
 Runways 

12 Urban-Residential LD Residential  Low Intensity Urban 

13 Other Urban  Open Spaces  Parks/Golf Courses 

14 Urban - Roads and Parking Lots Parking & Paved Spaces  Roads, Parking Lots 

21 
Agriculture -  
Non-row Crops 

Agricultural 
 Forage Crops 
 Non-tilled Herbaceous 
 Orchards 

22 
Agriculture -  
Row Crops 

Agricultural 
 Non-vegetated Farmland 
 (plowed) 
 Row Crops 

30 Open - non-forested Grass/pasture  Herbaceous Openland 

41 Forest - Deciduous (upland) Forest 

 Northern Hardwoods Aspen 
 Forest 
 Oak forest 
 Other Upland Deciduous  
 Mixed Upland Forest 

42 Forest - Coniferous (upland) Forest 
 Pines  
 Other Upland Conifers 
 Mixed Upland Conifers 

43 
Forest - Mixed Deciduous / 
Coniferous (upland) 

Forest 
 Upland Mixed Forest 
 Shrub/Low Density Forest 

50 Open Water Water/Wetlands  Open Water 

610 Wetland - Wooded - shrubland Water/Wetlands  Lowland Shrub 

611 
Wetland - Wooded - Lowland 
deciduous forest 

Water/Wetlands  Lowland Deciduous 

612 
Wetland - Wooded - Lowland 
coniferous forest 

Water/Wetlands  Lowland Coniferous 

613 
Wetland - Wooded - lowland 
mixed forest 

Water/Wetlands  Lowland Mixed 

62 Wetland - Nonwooded Water/Wetlands 
 Emergent Wetland Floating 
 Aquatic  
 Mixed non-forested 

70 Barren Grass/Pasture  Sand/soil/rock/mud flats 

                                                      
5
 2001 IFMAP land use map available at the Michigan Geographic Data Library: http://w ww.mcgi.state.mi.us/mgdl 

http://www.mcgi.state.mi.us/mgdl/
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2.2 L-THIA Load Prediction Methodology  
 

L-THIA calculates average annual runoff using a number of datasets, including long-term precipitation 
records, soil data, curve number values, and land use of the area modeled.  To customize the analysis for 
the Kalamazoo River watershed, the following data layers were used as model inputs for L-THIA: 

 

¶ SSURGO soils6 

¶ Layers from the LTM land use model results for 2001 and 2030 

¶ Long-term precipitation data available for two National Oceanic and Atmospheric 
Administration co-op stations: Allegan (#200128) and Battle Creek (#200552)7 

 
The default curve number values for a given land use/soil combination listed in the L-THIA manual were 
used for this analysis (Table 2).  Average runoff depth was calculated using L-THIA for both the 2001 and 
2030 land use layers.  
 
The model was designed as a simple runoff estimation tool and as such, it contains a number of limitations.  
It is important to note the following:    
 

¶ L-THIA only models surface water runoff 

¶ It assumes that the entire area modeled contributes to runoff 

¶ Factors such as contributions of snowfall to precipitation, the effect of frozen ground that 
increases stormwater runoff during cold months, and variations in antecedent moisture 
conditions are not modeled (L-THIA manual, 2005) 

 
L-THIA is not designed to assess the requirements of a stormwater drainage system and other such urban 
planning practices, nor to model complex groundwater or fate and transport processes.  However, the 
model clearly answered the needs of a simple loading analysis required in this project.  A graphic 
description of the model process is presented in Figure 1. 
 
Regionally recognized EMC values were used in the analysis to determine pollutant loading.  These EMC 
values were calculated through the Rouge River National Wet Weather Demonstration Project.  The project 
conducted an extensive assessment of stormwater pollutant loading factors per land use class (Cave et al., 
1994) and recommended EMC values for 10 broad land use classes.  These EMC values have since been 
incorporated into the Michigan Trading Rules (Part 30) to calculate pollutant loads from urban stormwater 
nonpoint sources.  EMC values used in this analysis are presented in Table 2. 
 
These EMCs, along with runoff depth grids produced through L-THIA, were used to calculate current and 
future pollutant loads using GIS spatial analysis functions. Pollutant loads and runoff volumes were 
calculated using the following equations (Michigan Trading Rules, 2002):  

 
a)  RL x AL x 0.0833 = RVol   
b)  EMCL x RL x AL x 0.2266 = LL 

 
 

                                                      
6
 SSURGO data for each county within the Kalamazoo River Watershed were downloaded from NRCS Soil Mart: 

http://soils.usda.gov/survey/geography/ssurgo/ 
7
 NOAA data for each station downloaded from: http://lwf.ncdc.noaa.gov/oa/climate/stationlocator.html 
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Where: 
EMCL =   Event mean concentration for land use L in mg/l 
Rvol =  Runoff volume in acre-feet/year 
RL =   Runoff per land use L from L-THIA in inches/year 
AL =   Area of land use L in acres 
0.2266 =  Unit conversion factor (to convert mg-in-ac/yr to lbs/ac-yr) 
LL =   Annual load per land use L, in pounds 
 

Using this equation, annual loads (with values presented in the form of GIS grids) were calculated for total 
phosphorus (TP), total nitrogen (TN), and total suspended solids (TSS) for both the 2001 and 2030 land use 
layers at the watershed, subwatershed, and municipality level. 

 

Table 2. Curve numbers and event mean concentrations used in L-THIA and the build-out analysis. 

  

LTM Land Use Categories 

Curve Numbers  
for Soil Group 

Event Mean 
Concentration (mg/L) MI Trading Rules  

Land Use Category 
A B C D TSS TN TP 

Urban -Commercial 89 92 94 95 77 2.97 0.33 Commercial 

Urban-Residential 54 70 80 85 70 5.15 0.52 Low Density Residential 

Other Urban  49 69 79 84 51 1.74 0.11 Urban Open 

Urban - Roads and Parking 
Lots 

98 98 98 98 141 2.65 0.43 Highways 

Agriculture -  
Non-Row Crops 

64 75 82 85 145 5.98 0.37 Agricultural 

Agriculture -  
Row Crops 

64 75 82 85 145 5.98 0.37 Agricultural 

Open - Non-Forested 39 61 74 80 51 1.74 0.11 Forest/Rural Open 

Forest - Deciduous (upland) 30 55 70 77 51 1.74 0.11 Forest/Rural Open 

Forest - Coniferous (upland) 30 55 70 77 51 1.74 0.11 Forest/Rural Open 

Forest - Mixed Deciduous / 
Coniferous (upland) 

30 55 70 77 51 1.74 0.11 Forest/Rural Open 

Open Water 0 0 0 0 6 1.38 0.08 Water/Wetlands 

Wetland - Wooded - 
Shrubland 

0 0 0 0 6 1.38 0.08 Water/Wetlands 

Wetland - Wooded - Lowland 
Deciduous Forest 

0 0 0 0 6 1.38 0.08 Water/Wetlands 

Wetland - Wooded - Lowland 
Coniferous Forest 

0 0 0 0 6 1.38 0.08 Water/Wetlands 

Wetland - Wooded - Lowland 
Mixed Forest 

0 0 0 0 6 1.38 0.08 Water/Wetlands 

Wetland - Non-Wooded 0 0 0 0 6 1.38 0.08 Water/Wetlands 

Barren 39 61 74 80 51 1.74 0.11 Forest/Rural Open 
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Figure 1. Conceptual flow chart of L-THIA nonpoint source modeling used to calculate runoff depth grids and 
additional datasets used to calculate annual nutrient and sediment loads in the watershed (where TP is total 
phosphorus, TN is total nitrogen and TSS is total suspended solids).
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3.0 Results 
 
Modeling results for the 2001 LTM layer were defined as the baseline for loading and runoff volume 
conditions.  These may be considered generally comparable to the 1998 TMDL nonpoint source baseline 
load from which 50% reduction in TP loads are required.  Predicted phosphorus loading results were within 
an acceptable range when compared to other available loading data for the Kalamazoo River watershed.  As 
such, results obtained from the L-THIA/EMC model were deemed reasonable for the purposes of this 
evaluation. Modeling results for the 2030 LTM layer represented the build-out condition. The build-out 
analysis was conducted at three different scales, the entire Kalamazoo River watershed, 12-digit HUC 
subwatersheds, and municipalities/townships to support decision-making in the watershed management 
planning process. Land use throughout the watershed generally predicts an increase in urban land use and 
a decrease in forested, agricultural and wetland land cover. 
 

3.1 Land Use Change Analysis  
 
In order to compare current watershed loading to the predicted future loading scenario, land use layers 
from the LTM for the baseline year 2001 and predicted 2030 were analyzed.  A comparison of land cover 
distribution in 2001 and 2030 for the entire Kalamazoo River watershed is presented in Figure 2. From 2001 
to 2030, the most substantial change in land use is an increase in both urban land covers (commercial/high  
intensity and residential).  From the model results, urban areas in the Kalamazoo River watershed could 
increase by more than 172,000 acres, corresponding to a 3.5 fold increase in urban areas compared to 
2001. This growth of urban areas by 2030, as modeled would correspond to a loss of over 86,000 acres of 
farmland, 60,000 acres of forest and open land, and 20,000 acres of wetlands throughout the watershed. 
 
It is important to note that the LTM layers used in this analysis modeled both urban and forest growth, 
although forest growth in the watershed is minor compared to forest lost to development. While the LTM 
model is programmed to exclude existing urban areas, water and designated public lands from future 
development, a small number of cells classified as water actually changed to urban categories (one-tenth of 
one percent). However, this error is minor and does not affect loading results in the build-out analysis. 

  

Figure 2. Comparison of land use breakdowns for the Kalamazoo River watershed in 2001 and 2030 (as predicted by 
the Land Transformation Model).
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Note: In the map above, ǘƘŜ ŎŀǘŜƎƻǊȅ άhther Changesέ refer to non-urban changes, such as open land to forest, or wetland to forest.

3 
Figure 3. Land use change from 2001 to 2030 in the Kalamazoo River watershed as predicted by 
the Land Transformation Model. 
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A detailed breakdown of land use changes by township is presented in Appendix A.  Table 3 below presents 
the ten townships with the highest potential for future urban development (i.e., greater than 2.5% 
increase). As modeled by LTM, the western portion of the watershed and the east side of the City of 
Marshall could experience the strongest urban expansion. Urban development in the west could be 
explained by the proximity of recreational and natural areas (such as the Allegan State Game Area) and the 
availability of land for development (Figure 4). The urbanization of such a large, contiguous area could likely 
have a strong negative impact on water quality, increase runoff and stream bank erosion, and generally 
degrade natural habitat in this currently rural part of the watershed. Urban development by the City of 
Marshall could be explained as suburban development and/or expansion and the high availability of 
agricultural land for development. Again, an increase in urban land cover without proper stormwater 
controls or regulation would result in higher nutrient loading, increased erosion, and an overall degradation 
of habitat and water quality. 
 

Table 3. Townships in the Kalamazoo River watershed with the highest modeled increase in urban development by 
the year 2030. 

Township 
Total increase  
in urban areas 

(in acres) 

% of total urban increase 
 for the Kalamazoo River 

watershed 

Cheshire 6,934 4.01 

Salem 5,911 3.42 

Trowbridge 5,911 3.42 

Pine Grove 5,478 3.17 

Allegan 5,253 3.04 

Dorr 5,140 2.97 

Marengo  4,930 2.85 

Otsego 4,603 2.66 

Monterey 4,470 2.58 

Watson 4,351 2.52 

Note: All township locations are shown in Figure 4, except for Marengo Township  
which is located east of the City of Marshall.

THE TOWNSHIPS PREDICTED TO HAVE THE GREATEST URBAN GROWTH IN THE NEXT 20 YEARS ARE SCATTERED 
ACROSS THE WATERSHED, BUT A LARGE MAJORITY ARE CONCENTRATED IN THE WEST IN ALLEGAN COUNTY 

WHERE THE LANDSCAPE IS MORE RURAL WITH PLENTY OF OPEN SPACE AND AGRICULTURE.  THESE 
TOWNSHIPS SHOW GROWTH BECAUSE OF THEIR PROXIMITY TO RECREATION, OPEN LAND, AND MAJOR 
TRANSPORTATION ROUTES.  A SUBSTANTIAL AMOUNT OF ACREAGE IS PREDICTED TO BE CONVERTED TO 

URBAN LAND USE BY 2030 IN THE TOWNSHIPS LISTED IN TABLE 3.  ALL OF THE TOWNSHIPS CURRENTLY HAVE 
LESS THAN 1,000 URBAN ACRES, AND SOME HAVE FEWER THAN 500 ACRES.  THE PREDICTED CHANGE RESULTS 

IN AN 8 FOLD TO OVER 35 FOLD INCREASE IN URBAN LAND COVER IN THESE AREAS.  
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4 
Figure 4. Townships outlined in red located in the western section of the Kalamazoo River watershed 
have the largest predicted increase in urban area from the Land Transformation Model. 


























































































