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1.0 Introduction

The Kalamazoo Rivematershed drain@pproximately 2,00@quare miles of lanthat dischargesnto Lake
Michiganat Saugatuck, MichiganThis 8digit HUC watershed (#04050003) has numeraager quality
issuesresulting from historiand current land use decision©ne 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 esmtichment of phosphorusiclude nuisance algal blooms,

low oxygen levels, poor water clarity, and a fish community heavily unbalaaegdiominated by exotic

carp.

Agriculture and forested land cover approximately 70% of the Kalamazoovitemnshed, while developed
urban landsrepresentonly 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 neglopg@vent 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 foested areas (MSU, 2007Pespite a phosphorus TMDL that addresegisting nonpoint
source loads as of 1998, these ndevelopment pressureand potentially negative impacts diydrology,

water quality, TMDL omnwatershed management goals in the KalamaRieerwatershedare not explicitly

being addressed A statistical analysis of the last ten years of monitoring data since 1998 shows no
progress had been made towards these load reduction gé&ai#\( 200F.

In the last ten years, severalonpoint sarrce modeling studies have been conducted in major
subwatersheds of the Kalamazoo Riveatershed and for the Lake Allegan/Kalamazoo River THRRA,

2001) However, no study has yet modeled the Kalamazoo Riagershed in its entiretyand pollutant
loading information is lacking for several areas including the mouth and headwaters of the Kalamazoo
River. The development od Kalamazoo River Watershed Management P{EWMP) requires the
guantification of current pollutant loads. It alseeeds anassessient of potentialload changesesulting

from future land development and land use change in the watershed

To address these two WMP needsyatershedwide, nonpoint source empirical model wam by K&Aas
part of the WMPto estimate runoff volumesand pollutant loadg$rom existing land coverRunoff volumes
and mllutant loads were calculated using average runoff depth values produced by thetdrong
Hydrologic Impact Assessment modelTfIA) and available pollutant event mean concation (EMC)
values. Loads and volumes were calculateddfanrrentt conditions (2001 land use¢he most recent and
comprehensive set of land cover datand for future conditions in 2030 using a land use layer produged b
the Land Transformation ModeglLTM). The LTM data layer was usédhree different scales: watershed,
subwatershed and municipal/township levelBhese mdeling resultswere used to assesthe impact of

'The phosphorus Total Maximum Daily Load (TMDL) developed for Lake Alleigdnincludes the entire watershed
area upstream of Lake Allegan, requires a 43% reduction for nonpoint source phosphorus load for-Su@é\pril
season, and a 50% reduction for the Jsdyptember seasqiHeaton, 2001)These reductions can only be achikv
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 downloadechétp://kalamazooriver.net/tmdl/docs/M
89%20NPS%20L0ading%2012987.pdf

s LTMdeveloped by Bryan Pijanowsdi al. and currently hosted by Purdue Univer@tiyanowski, et al., 2000, 2002).
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future potentialurban development on water quality and to estimate tb@sts necesary to achieve water
guality goalsThis report presents the methodology and results of this watershiel modeling effort.

2.0 Methods

The methods used in this analygigovide 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 futuixplanations of these models, input
values, and assumptions are outlined below.

2.1 Model Descrip tions

The buildout analysis for the Kalamazoo RivwMPwas developed bgoupling a GHased runoff mdel
with regionally recognized event mean concentration (EMC) vdhoes the Michigan Trading Rules (Part
30), future land use dataand runoff data.L-THIA GlSa simple rainfalfunoff mode| was used to generate
runoff values for both current and future buitsut conditions The future land use layers used in the build
out analysis were produced by the LTM, a-dSed land use change model deveddbyresearchers from
Michigan State University armirrently hosted by Purdue UniversifRijanowskiet al., 2000, 2002} The
first step in thismodeling effort coupled values from tHeTHIAmodel with EMC values for Michigan to
establish baselingollutant loads and runoff volume in theakkmazoo River watershed'he second
modelingstepincorporated predicted land use in 2030 from the LTMa&tculate pollutant load and runoff
volume changes that may result from projecteltanges iiand covelin the future.

LONGTERM HYDROLOGIC IMPACT ASSESSMENT
L-THIA WAS DEVELOPED AS A SIMRIEE, ONLINE ANALYSIS TOOL PROVIDING AN ASSESSMEN
IMPACT OF LAND USES ON RUNGHFA CALCULATES AVERAGE ANNUAL RUNOFF FOR EACH
LAND USE/SOIL CONIFRBTION USING LONERM CLIMATE DATA FOR A SPECIFIED-ARRPAUSES TH
SCS CURVE NUMBER METHOD TO ESTIMATE RUNOFF, A WIDELY APPLIED METHOD ORIGINA
BY THE UNITED STATES DEPARTMENT OF AGRICULTURE (USDA, 1986). THE ARC\EWAEXSE
WAS USED IN THIS ANALYSIS.

LAND TRANSFORMATION MODEL
THE LAND TRANSFORMATION MODEL FS8ASEIS MODEL THAT PREDICTS LAND USE CHANG
COMBINING SPATIAL RULES WITH ARTIFICIAL NEURAL NETWORK ROUTINES. SPATIAL RUL
ACCOUNT A VARIETYGEPGRAPHICAL, POLITWMD DEMOGRAPHIC PARAMETERS SUCH A
POPULATION DENSITY, POPULATION GROWTH PROJECTIONS, LOCATION OF RIVERS AND
DISTANCE FROM ROADS, AND TOPOGRAPHY (PIJENGMEKR). THE MODEL AND ADDITIONA
INFORMATIONAREAVA! . [ 9 Cwha t!w5!9 !bL+t9w{L¢, Q{ 29.
ILLINOISAND MICHIGAN AS PART OF THE EPA STAR ILWIMI PROJECT AND3HENBOBERIES
LAYERS ARE AVAILABLE ON THE LTM WEBSITE. THE LTM MICHIGAN LAND USE LAYERS FOR
WERESELECTEEDRUSE IN THIS ANALYSIS.

* Information on the land transformation model and data fomdvoad is available at:
http://ltm.agriculture.purdue.edu/Itm.htm
2 Kieser &Associates, LLC
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The LTM land use layer for the year 2G@fuallyusedthe 20011FMAP land use/land cover datasesa
baselayer. Br consistency purposes, this prajereferences all analyses done using the LTM 2000 layer as
2001 The LTM land use categories are based on a reclassificatl&iviéiP categories usitige USGS GAP

land use coding systerd (S S

t dzNR dzS

Y A @S Wi bulldduda@nalysi¢ veasasdSced usingS 0 @

the LTM land use categoriesDue tovariation inland use category descriptiorimetween the datasets
categoriesequivalentto the LTM descriptions were matched he category equivalentsr IFMAP, {THIA
and LTM are providenh Tablel. It should be noted that LTNayers have a 106 resolution.

Tablel. Equivalence of land useategories between {THIA, LTM and IFMAdRatasets

Laﬂhﬁse LTM L-THIA Equivalent 2001 IFMR
Code Land Use Categgr Land Use Categgr Land Use Categgr
11 Urban-commercial Commercial High Intensity Urban
Runways
12 UrbanResidential LD Residential Low Intensity Urban
13 Other Urban Open Spaces Parks/Golf Courses
14 Urban- Roads and Parking Lot Parking & Paved Spaces Roads, Parking Lots
. Forage Crops
21 Agriculture- Agricultural Nonttilled Herbaceous
Nonrow Crops
Orchards
. Nonvegetated Farmland
Agriculture- .
22 Agricultural (plowed)
Row Crops
Row Crops
30 Open- non-forested Grass/pasture Herbaceous Openland
Northern Hardwoods Aspen
Forest
41 Forest- Deciduous (upland) Forest Oak forest
Other Upland Deciduous
Mixed Upland Forest
Pines
42 Forest- Coniferous (upland) Forest Other Upland Conifers
Mixed Upland Conifers
43 Forest- Mixed Deciduous / Forest Upland Mixed Forest
Coniferous (upland) Shrub/Low Density Forest
50 Open Water Water/Wetlands Open Water
610 Wetland- Wooded- shrubland | Water/Wetlands Lowland Shrub
611 Wetland- Wooded-Lowland | |\ o \wetlands Lowland Deciduous
deciduous forest
612 Wetland- Wooded-Lowland | \\o \wetlands Lowland Coniferous
coniferous forest
613 Wetland- Wooded- lowland Water/Wetlands Lowland Mixed
mixed forest
Emergent Wetland Floating
62 Wetland- Nonwooded Water/Wetlands Aquatic
Mixed nonforested
70 Barren Grass/Pasture Sand/soil/rock/mud flats

®2001 IFMAP land use map available at the Michigan Geographic Data LHitprifwv ww.mcqgi.state.mi.us/madl

3
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2.2 L-THIA Load Prediction Methodology

L-THIAcalculates average annualinoff usinga number of datasets, includingngterm precipitation
records, soil data, curve number values, and land use of therameteled To customize the analysis for
the Kalamazoo Rivevatershed, the following data layers were used as model isfartL-THIA:

1 SSURGO sdils

1 Layers fronthe LTM land use modeésults for 2001 and 2030

1 Longterm precipitation data available fortwo National Oceanic and Atmospheric
Administration ceop stations: Allegan (#200128) and Battle Creek (#200552)

The default curve number values forgaven land use/soil combinatiolisted inthe L-THIAmanualwere
used for thisanalysig(Table 3. Average runoff depth was calculated usin@HIA forboth the 2001 and
2030 land use layers.

The model was designed as a simpleoff estimationtool and as such, it contains amber oflimitations.
It is important to note the following:

1 L-THIA only models surface water runoff

T It assumes that the entire area modeled contributes to runoff

9 Factors such as contributions of snowfall to precipitation, the effect of frozen groied
increases storrwater runoff during cold months, and variations in antecedent moisture
conditions are not modele¢-THIA manual, 2005)

L-THIA is not designed to assess the requirements of a stormwater drainage system and other such urban
planning practices, or to model complex groundwateor fate and transport processesHowever, the

model clearly answered the needs of a simple loading analysis required in this profegraphic
description of the model processpsesentedin Figurel.

Regionally recognized EMC values were used in the analysis to determine pollutant lo&desg. EMC
values were calculated through thioug River National Wet Weather Demonstration Projethe project
conducted an extensive assessment of stormwater pollutant loading factors per land use classt @ave
1994) and recommendeBMC values for 1Broad land use classesThese EMC values Vy&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 preseimda@ble 2.

These EMCslong with unoff depth grids produced throughL-THIA were used to calculate current and
future pollutant loadsusing GIS spatial analysis functiof®ollutant loadsand runoff volumeswere
calculated using théollowingequatiors (Michigan Trading Rules, 2002)

a) R x A x0.0833= Ry
b) EMCXxRXxAX0.2266 =L

® SSURGO data for each county within the Kalamazoo River Watershed were downloaded from NRCS Soil Mart:
http://soils.usda.gov/survey/geography/ssurgo/
"NOAA data for each station downloaded framitp://lwf.ncdc.noaa.gov/oa/climae/stationlocator.html

4 Kieser &Associates, LLC
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Where:
EMG= Event mean concentration for land use L in mg/
Ro = Runoff volume in acréeet/year
= Runoff per land use L fromTHIA in inches/year
= Area of land use L in acres
0.2266 = Unit conversiorfactor (to convert mgin-ac/yr to Ibs/aeyr)
L= Annual load per land use ib pounds

Using thisequation annualloads (with values presented in the form of GIS grids) wateulated fortotal
phosphorus TP, total nitrogen TN), andtotal suspended solidsSTE$for both the 2001 and 2030 land use
layers at the watershed, subwatershed, and municipality level.

Table2. Curve numbers and event mean concentrat®nsed in THIA and the builebut analysis.

Curve Numbers Event Mean
for Soil Group Concentration (mg/L) MI Trading Rules

A 5 c b | Tss| T~ TP Land Use Categgr

LTMLand Use Categories

Urban-Commercial 89 92 94 | 95 | 77 | 2.97 0.33 Commercial

UrbanResidential 54 | 70 | 80 | 85 | 70 |5.15| 0.52 Low DensityResidential

Other Urban 49 | 69 | 79 | 84 | 51 |1.74| 0.11 Urban Open

E(;?Sa”' Roadsand Parking | o5 | 9g | og | 98 | 141 | 2.65| 0.43 Highways

Agriculture- .

Nor-Row Crops 64 | 75 | 82 | 85 | 145 | 5.98 0.37 Agricultural

Agriculture- 64 | 75 | 82 | 85 | 145 | 5.98| 0.37 Agricultural

Row Crops

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

Forest- Deciduous (upland) | 30 | 565 | 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 /| 5, | g5 | 70 | 77 | 51 |1.74| 011 Forest/Rural Open

Coniferous (upland)

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

Wetland- Wooded- o| o] ool 6 138 o008 Water/Wetlands

Shrubland

Wetland- Wooded- Lowland

DeciduousForest 0 0 0 0 6 | 1.38 0.08 Water/Wetlands

Wetland-Wooded-Lowland | | o | o | g | & |1.38| o0.08 Water/Wetlands

QoniferousForest

Wetland- Wooded-Lowland | | o | o | o | § |138| o008 Water/Wetlands

Mixed Forest

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
5 Kieser &Associates, LLC
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L-THIA

12001 Land Use (LTM)

Curve Number Layer/
SSURGO Soil Layer

Allegan Precip.

Battle Creek Precip.

Runoff Depth Grid /
LR o
Associate EMC with Lar___f Apply Load
Use Class Equation*

v
TSS Load Grid € : TSS EMC Layer /

PV
TP Load Grid % TP EMC Layer /

v
TN Load Grid % TN EMC Layer /

*Runoff Depth (in/yr) x EMC (mg/L) x 0.2266 x 2.471 (cell area) =atotahl load (Ibs/cell)

Figurel. Conceptual flow chart 6L-THIAnonpoint sourcemodelingused to calculate runoff depth gridand
additional datasets used to calculate annual nutrieahd sediment loads in the watershed (where TP is total
phosphorus, TN is total nitrogen and TSS is total suspended solids)

Kieser &Associates, LLC
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3.0 Results

Modeling esults for the 2001 LTM layewere defined asthe baselinefor loading and runoff volume
conditions. These maye considered generally comparable to the 1998 TMDL nonpoint source baseline
load from which 50% reduction in TP loads are requirfeécedicted phosphorus loading results were within
anacceptableangewhen compared to otheavailable loading data for the Kalamazoo Rivatershed As
such, resultsobtained from the LTHIA/EMC model werdeemed reasonable for the purposes of this
evaluation.Modeling results for the 2030 LTM layer repented the builebut condition The buid-out
analysis was conducted at three different scaléee entire Kalamazoo River atershed, 12digit HUC
subwatershedsand municipalitiegtownships to support decisiormakingin the watershed management
planning procesd.and use throughout the watersld generally predicts an increase in urban land use and
a decrease in forested, agricultural and wetland land cover.

3.1 Land Use ChangeAnalysis

In order to compare current watershed loading to the predicted future loading scenarid, Uselayers
from the LTMfor the baseline year 2001 amtedicted2030 were analyzedA comparison ofdnd cover
distribution in 2001 and 203for the entire Kalamazoo Riveratershed igpresented inFigure2. From 2001
to 2030,the most substantial change in land use is an increabetimurban land covers (commercial/high
intensity and residential). From the model resultshan areas in tB Kalamazoo Riveratershed could
increase by more than 172,000 acres, corresponding to a 3.5 fold increase in udamncampared to
2001.Thisgrowth of urban areas by 2038s modeled wouldorrespond toa loss of over 86,000 acres of
farmland, 60,000 acres of forest and opendaand 20,000 acres of wetlanttwoughout the watershed.

It is important to note that he LTM layers useith this analysisnodeled both urban and forest growth
although forest growth in the watershed minor compared to forest losb development. While the. TM

model is programmed to exclude existing urban areas, water and designated public lands from future
devdopment, a small number of cells classified as water actually changed to urban catégoeésnth of

one percent) However, this error is minor and does raftect loading results in the buildut analysis

1.4% 5 3%
0.2%_\ 0.2%
3.7% m Commercial/High
intensity
B Residential

0.2%

3.7%
m Urban Open

B Transportation

H Agriculture
1.9%

® Rural Open

2001 2030

Figure2. Comparison ofdnd use breakdowns for the Kalamazoo River atershedin 2001 and 2030 (as predicted by
the Land TransformatiomModel).
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THE TOWNSHIPREDICTED TO HAVE THE GREATEST URBAN GROWTH IN THE NEXT 20 YEARS
ACROSS THE WATERSHED, BUT A LARGE MAJORITY ARE CONCENTRATED IN THE WEST IN A
WHERE THE LANDSCAPE IS MORE RURAL WITH PLENTY OF OPEN SPACE ANDABTHCULT
TOWNSHIPS SHOW GROWTH BECAUSE OF THEIR PROXIMITY TO RECREATION, OPEN LAND
TRANSPORTATION ROUTESB3VBNTIAL AMOUNT OF ACREAGE IS PREDICTED TO BE CONVE
URBAN LAND USE BY 2030 IN THE TOWNSHIPS LISTED IN TABLE 3. ALL OF THE TOWNSHRB®K]
LESS THAN 1,000 URBAN ACRES, AND SOME HAVE FEWER THAN 500 ACRES. THE PREDICTED,
IN AN 8 FOLD TO OVER 35 FOLD INCREASE IN URBAN LAND COVER IN THESE AREA

A detailed breakdown of land ustanges by townshp is presented ilAppendixA. Table3 below presents
the ten townships with thehighest potential for future urban development(i.e., greater than 2.5%
increase) As modeledby LTM the wesern portion of the watershedand the east side of the City of
Marshall could experience the strongest urban expansiddtban development in the west could be
explained by the proximity of recreational and natural ardaich as the Allegan State Gakueg and the
availability of land for developmenFEigure 4. The urbanization of suchlarge, contiguous areaoald likely
have a stronghegativeimpact on water quality, increaseunoff and stream bank erosionand generally
degrade natural habitat in thisurrently rural part of the watershedUrban development by the City of
Marshall could be explained as suburban developmend/or expansionand the high availability of
agricultural landfor development Agan, an increase in urban land cover without proper stormwater
controlsor regulation would result in higher nutrientdding increasederosion, andan overall degradation
of habitat and water quality

Table3. Townshipsin the Kalamazoo River watershadslith the highest nodeledincrease in urban dvelopmentby
the year2030.

Total increase %of total urban increase
Township in urban areas for the Kalamazoo River
(in acres) 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 bwnship locationsre shown in Figure dexcept for Marengo Township
which is located east of the City of Marshall.

Kieser & Associates, LLC
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Figure4. Townships outlined in red located in the western section of the Kalamazoo River watersh
have the largest predicted increase in urbanear from the Land Transformation Model.
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