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ASSESSMENT OF SEDIMENT AND NUTRIENT LOADINGS IN THE DAVIS
CREEK WATERSHED, SOUTHWESTERN MICHIGAN USING THE SWAT
MODEL

Peter Kibowen Kimosop, M.A.

Western Michigan University, 2005

The Davis Creek Watershed has been impaired for many years by
nonpoint source pollution. A recent modeling research on the watershed
simulated both nutrient and sediment movements for the single storm events.
This study simulates the movement of sediments and nutrients (nitrogen and
phosphorus) in the watershed continuously using the Soil and Water
Assessment Tool (SWAT) for assessing water quality in the watershed. Multiple
databases for climate, soil types, DEM, land use and agricultural management
practices were used to derive inputs for the SWAT. Subsequently, the SWAT
model was run for the period of 1998-2004. The simulated results show that the
urbanized regions of the Davis Creek are the critical sources of sediments and
nutrient loads. Four management scenarios were developed: no till, conversion
of agricultural land to urban, expansion of wetland area, and construction of
retention ponds in the residential area, were simulated for nonpoint source
pollution management. The results show that no till and construction of
retention ponds would reduce sediment and nutrient loads in the watershed
while conversion of agricultural land to urban would increase the loadings. This
information, while valuable and useful, needs to be further verified in the field

for supporting water quality decision making in the Davis Creek.
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CHAPTER 1
INTRODUCTION

In 1987, the 1972 Clean Water Act was amended after the realization
that most point sources were under control through regulatory enforcement,
capital investment in pollution abatement technology, pollution control
standards and better management of municipal and industrial infrastructure
(Daniel et al., 1998). For instance, any point source discharge is required to
have a National Pollutant Discharge Elimination System (NPDES)1 permit
which complies with the Clean Water Act provisions. Violations of these
permits are subject to criminal penalties (Garrett, 2003). Following success of
the NPDES permit requirement for all point sources, the federal government

shifted its focus to water quality issues related to nonpoint sources.

1.1 Nonpoint Source Pollution

The 1987 amendment of the original law required states to develop
inventories and carry out assessments of nonpoint source poIIution2 while
developing strategies to address these problems. Agriculture has been

identified by the United States Environmental Protection Agency (USEPA) as

! The National Pollutant Discharge Elimination System (NPDES) permit program controls
water pollution by regulating point sources that discharge pollutants into waters of the United
States (USEPA, 2003).

2 Nonpoint source pollution “is caused by rainfall or snowmelt moving over and moving
through the ground and carrying natural and human-made pollutants into lakes, rivers,
wetlands, estuaries, other coastal waters, and ground water. Atmospheric deposition and
hydrologic modification are also sources of nonpoint pollution.” (Witte and Ross, 2003)
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the main source of nonpoint pollution for lakes and rivers (Daniel et al., 1998).
Other significant sources of nonpoint source pollution include silvicultural
runoff and increasing urbanization (Witte and Ross, 2003). Carpenter et al
(1998) identifies some examples of nonpoint sources that are recognized by
the statutes of the United States as:
e Agricultural runoff including return flow from irrigated agriculture
¢ Runoff from pasture and rangelands
e Urban runoff from unsewered areas and sewered areas with a population
less than 100,000 people
¢ Runoff from septic tank leaching and failed septic systems
¢ Runoff from construction sites with areas not exceeding 2 hectares
e Atmospheric deposition over a water surface
e Land activities that generate contaminants such as logging and
construction
These sources of pollution are difficult to regulate and measure due to the
extent of the contributing activities that are dispersed over wide areas as well
as having temporal variability attributed to different weather phenomenon
(Carpenter et al., 1998). States are currently required to develop
management strategies to reduce agricultural nonpoint source pollution
especially on surface waters. Imbalance of agricultural phosphorus and other

nutrients through the application of an enormous volume of fertilizer as well



as other nonpoint sources of pollution are putting pressure on local, state and
federal organs to develop Total Maximum Daily Loads (TMDLs)3 on their
watersheds to reduce nonpoint source pollution (Carpenter et al., 1998).

The USEPA has identified nonpoint source pollution as the primary source
of water quality problems across the United States. This has prompted the
federal government to spend substantial funds for restoring and repairing
damaged areas. Approximately 40% of rivers, lakes, and estuaries across the
United States are not clean enough to meet basic uses such as drinking,
swimming or fishing. A 2005 National Water Quality Inventory analysis
indicated that over 60% of impaired river miles and more than half of impaired
lake area can be attributed to pollution originating from agricultural activities

(USEPA, 2005b).

1.2 Eutrophication

Eutrophication is the aging of a lake, reservoir or a river over time
through mineral or nutrient enrichment leading to changes in the aquatic
ecosystem (Heathwaite, 1994). Enrichment of waterbodies can eventually
lead to faster rates of sediment deposition and ultimately the lake or pond
could finally be replaced by terrestrial communities. Eutrophication only
affects /entic (slow-moving) waterbodies. Landuse change in rural and urban

environments  through agricultural intensification, urbanization and

* A Total Maximum Daily Load “is a calculation of the maximum amount of a pollutant that a
waterbody can receive and still meet water quality standards, and an allocation of that amount
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industrialization has accelerated the rate of eutrophication in fresh waters
(Heathwaite and Sharpley, 1999). Symptoms of eutrophication in freshwater
are manifested through increased growth of cyanobacteria (blue-green algae)
which may contribute to other water-related problems such as: an increase in
biomass of phytoplankton, an increase in macrophyte species, an increase in
biomass of benthic and epiphytic algae, a change in phytoplankton to bloom-
forming species, a reduction of oxygen amounts in water, reduced water
transparency and increased incidents of fish kills and fish loss due to large
variations of oxygen (Heathwaite, 1994).

Approximately 50% of impaired lake areas and 60% of impaired river
reaches are affected by eutrophication across the United States (Carpenter et
al., 1998). This problem can either be tackled from the source or, once a
problem occurs, it can be mitigated in-situ. However, tackling the problem at
the source is far cheaper and far more efficient than dealing with the pollution

problems once they have occurred (Heathwaite and Sharpley, 1999).

1.3 Phosphorus and Nitrogen

Phosphorus and nitrogen loading in fresh waters is mainly attributed to
nonpoint source pollution. Nonpoint sources from agriculture and urban land
uses have also contributed significantly to eutrophication which is apparent in
some coastal regions of the world including the Gulf of Mexico, the North Sea

and the Mediterranean Sea as a result of excessive phosphorus and nitrogen

to the pollutant's sources” (USEPA, 2005a)
4



in their respective catchments (Heathwaite and Sharpley, 1999). In the United
States, phosphorus and nitrogen still contribute more than 90% of nonpoint
source pollution to more than a third of American rivers (Carpenter et al.,
1998). Agriculture contributes over 50% of phosphorus nutrients in most
impaired waters through fertilizer and manure application on farmlands
(Daniel et al., 1998). Research shows that between 1950 and 1995,
approximately 600x10° Mg of phosphorus fertilizer was applied to crops
worldwide, of which approximately 250%10° Mg was removed through
harvest. On the other hand, nitrogen fixation of fertilizer has steadily
increased since the 1940’s from nearly zero to the current value of
approximately 80x10° Mg per year. About 18% of nitrogen is removed
through harvest and the remainder is leached, eroded or wasted to the
atmosphere through volatilization (Carpenter et al., 1998). In addition to crop
cultivation, intensive animal production also generates enormous amounts of
organic wastes which are often difficult to dispose off in an environmentally
sound manner. Therefore, unseasoned manure is sometimes applied to
cropland which at times could be excessive, thus leading to infiltration and
runoff of nutrients to fresh waters. Besides agriculture, pollution from urban-
related nonpoint sources such as construction sites, lawn fertilizer, pet
wastes and unsewered developments also contribute to more than 25% of
lake deterioration (Carpenter et al., 1998). Phosphorus and nitrogen cause
eutrophication because they are in short supply. For instance, phosphorus

availability in waterbodies is limited compared to its concentration in plants.
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Alternatively, nitrogen is less limiting than phosphorus because it is highly
soluble and can easily be fixed by organisms such as the blue-green algae
(Carpenter et al., 1998).

The USEPA has set the Maximum Contaminant Levels (MCL) for
nitrate-N (NO3-N) for drinking water at 10mg I while phosphorus (P20s)
concentrations available in soils for crop growth ranges between 0.20 and
0.30 mg I (Heathwaite and Sharpley, 1999). However, phosphorus range
concentrations for controlling eutrophication is between 0.01 and 0.02 mg I
which is far lower than phosphorus available for plant growth in the soil,
hence phosphorus pollution caused by agricultural runoff is crucial to the
trophic status of surface water. The threshold values for inorganic and total
phosphorus concentrations should not exceed 0.05 mg L in streams and
0.025 mg L™ within lakes and reservoirs (Daniel et al., 1998). Trophic status
for lakes and rivers can be determined by calculating the ratio of nitrogen to
phosphorus. If nitrogen to phosphorus ratio exceeds the ratio16:1 then
Phosphorus is the limiting factor and if the ratio is less than 16:1 then the
limiting nutrient is possibly nitrogen (Heathwaite, 1994). However, the main
factor influencing nutrient movement to lakes and rivers relates to the existing
transport mechanisms.

Phosphorus transport in a watershed depends on land management
and phosphorus availability in the soil. Other variables to be considered
include; rainfall, topography, soils (structure, texture, and permeability),

ground water and water storage temperature (Daniel et al., 1998).
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Phosphorus export is mainly through surface runoff although a small
proportion is transported via sub-surface flow. The main source of particulate
‘P’ is agriculture with approximately 60-90% transported from cultivated

lands.

1.4 Effects of Phosphorus and Nitrogen Contamination

Nitrate pollution has a direct health impact on both humans and
animals. For instance, a high concentration of NOj3 is linked to
methemoglobinemia in infants (Carpenter et al., 1998). The USEPA has
therefore set maximum contaminant levels for NO3-N at 10mg/L for drinking
water in order to protect infants below 6 months* of age. Cattle are also
affected by nitrate (NO3) concentration which may result in abortions as well
as methemoglobinemia. Phosphorus apparently has no direct health risk on
humans and animals and that is why drinking water standards for phosphorus
have not been established by USEPA (Carpenter et al., 1998). Nevertheless,
the main concern for nutrient concentration in fresh waters has shifted in
focus from perceived health risks such as ‘the blue-baby syndrome’, stomach
cancer and neurological diseases to the management of phosphorus,
nitrogen and manure in farmlands (Heathwaite and Sharpley, 1999). High
phosphorus concentrations in fresh water also limits the use of the water for
fisheries, recreation, industry, and public consumption due to massive growth

of undesirable algae and weeds. Surface blooms could lead to tastelessness



of drinking waters and fish kills. When blooms die, they release hepatoxins,
which can kill livestock as well as representing a risk to humans (Daniel et al.,
1998). In regard these pollution issues, several forms of legislation have been

passed in recent years to try and control nonpoint source pollution.

1.5 The Clean Water Act

In 1948, the Federal Water Pollution Control Act (FWPCA) was
enacted to provide federal funds for state water pollution control programs
(Adler et al., 1993). The FWPCA was revised in 1972 with the objective of
restoring and maintaining the chemical, biological and physical status of the
nation’s waters while continuing the previous existing water quality standards.
This federal legislation of 1972 was renamed the Clean Water Act (CWA). It
has been regarded the most extensive in regulating water quality (National
Research Council, 1999). It was amended in 1977 with provisions for toxic
pollutants and the implementation of best management practices. In 1987,
the U.S Congress further amended the act and adopted new guidelines for
the CWA to address pollutants from runoff. The revised act also provided for
civil penalties for storm water discharges. Included in the 1987 Act was CWA
section 319 which was geared towards the creation of nonpoint source
pollution control programs. In 1998, the Clinton administration introduced the

Clean Water Action Plan to focus on watershed based planning. This allowed

* Infants between the ages of 2-6 months are vulnerable because bacteria in their digestive
tract can reduce Noj to nitrite thus hemoglobin changes to methemoglobin.
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for the implementation of strategies for controlling contaminated runoff. These
programs include the TMDL program under section 303(d) of the CWA
(National Research Council, 1999; Garrett, 2003; Adler et al., 1993). This

program will be introduced in the following section.

1.6 Total Maximum Daily Loads (TMDLSs)

TMDLs refer to the maximum amount of pollutants from all sources
including natural background sources that are allowed to enter any given
waterbody while still meeting the required water quality standards (USEPA,
2004; Beale and Sheldon, 2003). A TMDL has two components: a Wasteload
Allocation (WLA) and a Load Allocation (LA). WLA is that portion of a TMDL
allocated to the existing and future point sources of pollution while LA is the
portion allocated to the existing and future nonpoint sources of pollution
(Beale and Sheldon, 2003). TMDLs are required to have an implementation
plan with a list and timeline of actions that include monitoring, verification of
compliance and allocation of load reductions to different sources (Boyd,
2000). In the United States, more than two-fifths of the nation’s surface water
does not meet legal water quality standards, hence the need to establish
TMDLs for each of the impaired water bodies (USEPA, 2004). With the
existing legislation, each state is responsible for monitoring water quality

issues within their jurisdiction with help from federal agencies.



1.7 Nonpoint Source Pollution in Michigan

Michigan first developed a Nonpoint Pollution Control Management
Plan in 1988, consisting of programs such as the nonpoint source watershed
initiative and the Best Management Practices (BMPs) initiative to limit
nonpoint source contamination of surface water. Despite the development of
this plan, the Michigan Department of Environmental Quality (MDEQ) still
noted that in the late 1990’s, about 95% of the states’ waters were affected by
nonpoint source pollution attributed to improper urban and agricultural land
use practices (Davis Creek News, 1999). Phosphorus loadings in most
Michigan watersheds have been identified to be high. Control of this pollution
requires a concerted effort from federal, state and local agencies. This has
been accomplished in some watersheds through the TMDL implementation,

while many others remain in violation of federal standards (MDEQ, 2002).

1.8 The Study Area

The Davis Creek watershed, a tributary of the Kalamazoo River watershed, is
located in Kalamazoo County in Southwest Michigan. The watershed covers
an area of approximately 9,310 acres and flows northwest from its main
tributary at the East Lake on Pavilion Township and through some urbanizing

areas of the County before joining the Kalamazoo River (Figure1).
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Figure 1. Location of the Davis Creek Watershed in Kalamazoo County,
Michigan
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The Davis Creek watershed has faced tremendous change in recent
years, changing from being predominantly agricultural in the late 1970’s to
predominantly urban due to pressure from residential and urban
development. The watershed has received enormous attention from the
United States Environmental Protection Agency .(USEPA) and the Michigan
Department of Environmental Quality (MDEQ) particularly regarding point and
nonpoint source pollution. There has been some success, however, as the
USEPA and MDEQ efforts have substantially reduced the rate of point
sources through the NPDES permit requirement (Davis Creek News, 1999;
Garrett, 2003). This permit requirement has eliminated or reduced the
number of point source discharge within the state. The Davis Creek
watershed does not currently have a single point source discharge.

The Davis Creek watershed ranges in elevation between 230 and
280m above sea level. The watershed is associated with glacial till plains and
ponded areas resulting from past complex glacial activities (Austin et al.,
1975). These glacial and ponded areas have influenced the types of soils in
the area. Davis Creek watershed soils range from poorly drained Adrian
mucks, Gilford sandy loams, Houghton Sebewa and Glendora sandy loams to
the well-drained Kalamazoo loams and Oshtemo sandy loams. A detailed
description of the Davis Creek watershed soils compiled by the USDA-SCS in
the mid 1970’s can be reviewed in appendix 1. These soils have influenced
the vegetation in the area. The original vegetation of the watershed consisted

mainly of hardwood forests including maple, elm, beech, hickory and

12



sycamore. However, as the need for lumber, urban development and
agriculture increased, these forests were cleared and the only parts of the
original forests remaining are woodlots (Austin et al., 1975).

Field crops (mainly corn and soybeans) remains the major land use of
the watershed accounting for over 29% of the entire area (GIS Research
Center, 1996). Other land uses include: industrial - 14%, residential - 12%,
rangeland - 13%, transportation - 8%, wetlands - 8%, forests - 7% and less
than 5% commercial and water (Figure 2). The population within the Davis
Creek watershed was estimated at 13,000 in 1996 but continued urban
population growth and sprawl within Kalamazoo County suggests that the
population within the Davis Creek watershed has continued to increase (River
Partners Program, 1996). This land use trend is putting pressure on the
available water resources resulting in water related problems such as

nonpoint source pollution.

13
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Figure 2: 1996 Land use in the Davis Creek
(Source: GIS Research Center, 1996)
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1.9 The Problem Statement

The Davis Creek watershed, a tributary of Kalamazoo River has been
identified as the most polluted tributary in Kalamazoo County. Agriculture as
well as runoff from industrial, commercial and residential developments in the
watershed have been identified as the main sources of nonpoint source
pollution. The urbanizing trend of the watershed (sprawl) is headed towards
the source of the Davis Creek and unless sustainable urban and agricultural
practices in the watershed are implemented, nonpoint source pollution will
continue to be a setback. Recent research on the watershed using the
Agricultural Nonpoint Source Model (AGNPS) simulated both nutrient and
sediment movements, but the loading results were incomplete since the
original model is a single event model and lacks the capability of simulating
groundwater influences (Limlahapun, 2002). This study is intended to
simulate the movement of sediments and nutrients (nitrogen and phosphorus)
in the watershed using the Soil and Water Assessment Tool (SWAT) with the
goal of providing recommendations on the best management practices

(BMPs) that can be adopted to control and reduce nonpoint source pollution.

15



1.10 The Objectives

The objectives of this study are:

il

Simulate the dynamics of nutrient movement within the Davis
Creek watershed by ArcView Soil and Water Assessment Tool
(AVSWAT);

Estimate the rate and quantity of sediment, phosphorus and
nitrogen loading in the watershed through a seven-year period

(1998 to 2004) to establish baseline estimate; and

. Identify the best management practices (BMPs) scenarios to

reduce nonpoint source pollution in the watershed.
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CHAPTER 2

LITERATURE REVIEW

Concerns of climate change, large scale flooding, impacts of land
utilization and water management have directly motivated scientists in
developing hydrological models (Arnold et al., 1998). The watershed
protection approach involving the use of water quality monitoring, spatial data
collection and modeling at the watershed scale has been identified as the
best strategy for solving water quality problems. Some of the required data
inputs include variables related to land use, soil texture, topography, and land

management practices (Arnold et al., 1998).

2.1 A Watershed Approach to Controlling Water Pollution

Watersheds are important spatial entities being used to plan and
control water resource pollution issues. For instance, the USEPA developed
a “watershed protection approach” to solve, restore and maintain the integrity
of water resources across the nation. The watershed protection approach
relies heavily on analysis using hydrological boundaries rather than political
boundaries. This emphasizes the chemical, physical and biological elements
of the watershed (National Research Council, 1999). The U.S Department of
Agriculture (USDA) and the Natural Resource Conservation Service (NRCS)
have also developed watershed related approaches directed towards the

scientific management of natural resources. All these watershed approaches
17



are people-oriented since they involve stakeholders in identifying problems
and implementing solutions. Since the early 1970’s, the federal government
has invested colossal amounts of money in improving the nation’s waters
particularly regarding point source pollution. However, nonpoint sources
stemming from urban runoff, farms and transportation systems are still of

great concern (National Research Council, 1999).

2.2 Nonpoint Source Simulation Models
Soil erosion, sediment and nutrient models have often been developed to
understand and manage soil erosion and pollution. Both the USEPA and the
USDA have contributed financially and technically towards the success of
these transport models (Merritt et al., 2003). These models depend on the
analysis of physical processes, model algorithms and data availability.
However, the overall choice of any model depends on its intended final
application and the characteristics of the watershed.

Simulation models can be categorized into three groups: a.) empirical,
b.) conceptual; and c) physics-based (Merritt et al., 2003). Empirical models
are based on analyzing observations. Thus, this approach is preferred where
data and parameter inputs are limited. Conceptual models however,
represent catchments as a series of internal storages and incorporate transfer
mechanisms of sediment and runoff in their structure.

Physics-based models require standard equations to describe stream

flow and sediment and nutrient generation. They rely on standard equations

18



such as the equation of conservation of mass for sediment and the set of
equations related to the conservation of mass and momentum estimates for
flow (Merritt et al., 2003).

Empirical, conceptual and physics-based models have been
incorporated in developing watershed-scale hydrologic and nonpoint source
pollution models. Sediment and nutrient loading in watersheds can be easily
determined through the application of empirical models. For example,
phosphorus loading concepts founded on the idea that phosphorus is a
limiting nutrient of lake, river, pond and reservoir eutrophication can be
determined through the following simple empirical models: (a) the
Vollenweinder loading plots are based on the idea that shallow lakes are
more prone to eutrophication in comparison to deep lakes; (b) Budget models
depend on phosphorus budget data; (c) Trophic state correlations use
phosphorus concentrations to predict other variables that could have a direct
influence on eutrophication. These phosphorus loading conceptual models
have been widely applied because they are easy to apply and their outputs

are based on empirical observations (Chapra, 1997).
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2.3 Erosion and Sediment Transport Models

In 1965, the USDA developed the Universal Soil Loss Equation
(USLE) to estimate annual soil erosion from hillslopes (Merritt et al., 2003).
Since then, the USLE has undergone tremendous modifications and
improvements. The Chemical, Runoff, and .Erosion from Agricultural
Management Systems (CREAMS) model was the first nonpoint source model
to be developed to simulate the impact of land management on sediments,
water and nutrients leaving the edge of a field (Merritt et al., 2003; Williams et
al.,, 1985). The hydrological components of the CREAMS model were later
modified to take into account factors such as simultaneous computations for
several sub-basins, the return flow component, reservoir storage component,
a weather simulation model, a simple flood routing component, sediment
routing component and calculation of transmission losses. Several other
related models were subsequently developed for phosphorus contamination
analysis such as the Sediment Phosphorus Nitrogen Model (SPNM) designed
to simulate agricultural effects on water pollution. The SPNM was developed
to predict sediment phosphorus and nitrogen yields for individual storms on
small basins (Williams 1980). Another model developed to predict the effects
of management decisions on water and sediment yields for ungaged rural
basins was the Simulator for Water Resources in Rural Basins (SWRRB)
model with its initial framework based on the CREAMS model (Williams et al
1985). The SWRRB model was eventually modified to form the Soil and

Water Assessment Tool (SWAT) model.
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2.4 SWAT
The SWAT model was developed in the early 1990’s by the USDA-

Agricultural Research Service to predict the impacts of land management on
water, sediment and agricultural chemical yields_ in gauged, ungauged and
complex watersheds of varying land use, soils and management conditions
(Arnold et al., 1998). It runs on a daily time step producing either long-term or
short-term predictions. The model is computationally efficient, uses readily
available inputs and is capable of simulating long-term impacts of
management changes (Arnold et al., 1998). SWAT has been modified from
other simulation models just like some other simulation models.

SWAT is a direct modification of the Simulator for Water Resources in
Rural Basins (SWRRB) model (Williams et al., 1985). SWAT was developed
because the SWRRB model was limited to a small watershed extending to a
few a hundred square kilometers in size, prompting the need to develop a
model that could simulate steam flows extending over several thousand
kilometers. Currently, SWAT is among the powerful nonpoint source
simulation models. Other watershed scale hydrologic and nonpoint source
simulation models include: a.) the Agricultural Nonpoint Source
Pollution(AGNPS) model - an event-based model used to simulate sediment,
runoff, nitrogen and phosphorus transport, and chemical oxygen demand for
single rainfall events; b.) the Areal Nonpoint Source Watershed

Environmental Response Simulation (ANSWERS) model - models runoff,
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infiltration erosion and subsurface drainage for a single event; c.) the
Hydrologic Simulation Program, Fortran (HSPF) - a continuous watershed
simulation model used to determine water quality and quantity for both
agricultural and urban watersheds; d.) the Annualized Agricultural Nonpoint
Source Pollution (AnnAGNPS) model - a continuous simulation model used to
predict pollutant loadings; e) the Precipitation-Runoff Modeling System
(PRMS) - developed to evaluate the response of various combinations of
precipitation, climate and land use practices in a watershed (Borah et al.,
2003 and Merritt et al., 2003).

Obviously, there is a need for the spatial representation of this data
across the watersheds incorporated in any study area. Because of this need,
interfaces of SWAT have been developed in visual basic, Geographic
Resources Analysis Support System (GRASS) and ArcViewGIS. The most
recently developed interface - ArcView SWAT2000, provides a powerful tool
for spatial hydrological modeling. The model performs flow routing through
streams and reservoirs with the routing command successfully simulating a
basin subdivided into grid cells. The data input component for each
subbasin/grid are organized into the following categories with sub-routines for
each; climate, Hydrologic Response Units (HRUs), ponds and wetlands,
reach draining the subbasin and ground water.

The water balance is the major force for the prediction of transport for

sediments, nutrients and pesticides within the watershed. However, in order
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to successfully simulate the hydrologic cycle within the basin, the land phase

and the water phase have to be taken into consideration.

2.5 SWAT in Basin Management

SWAT is currently being used by a number of organizations and
institutions including the USEPA, the National Oceanic and Atmospheric
Administration (NOAA) and the NRCS. The model has been used in a
number of watersheds worldwide. These previous applications provide useful
background data for the current application. Francos et al (2000) applied the
model to assess the impact of climate changes and agricultural management
practices on nitrogen and phosphorus loads in a medium-sized watershed in
Finland. Spruill et al (2000) used SWAT to describe monthly and daily stream
flows from a small watershed in Central Kentucky. Inamdar et al (2001)
assessed the impacts of pre- and post-BMPs (no-tillage, filter strips, and
nutrient management) on phosphorus and nitrogen loads for Nomini Creek
watershed, Virginia. Kirsch et al (2002) used SWAT to quantify phosphorus
sources and evaluate the impacts of basin-wide BMPs application. Santhi et
al (2000) used SWAT to assess the effects of BMPs related to dairy manure
management and waste treatment plant and Picq (2004) used SWAT to

assess TMDL implementation in the Macatawa watershed in Michigan.
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In short, past successes suggest that the use of this model for this
research on the Davis Creek watershed is appropriate. The next chapter will

introduce the methodology used in the current research.

24



CHAPTER 3

METHODOLOGY

This research uses the SWAT model for data analysis of nonpoint
source pollution in the Davis Creek. The SWAT model requires a number of
inputs including; topography, land use, soil, climate, fertilizer applications,
tillage systems and other management information for successful modeling
outcomes (Neitsch et al.,, 2002). Each of these inputs will be discussed

below.

3.1 Topographic Variables
A 30 meter resolution Digital Elevation Model (DEM) for Davis Creek

watershed was downloaded into SWAT from the USGS website

http://www.seamless.com. The first step in SWAT modeling was to delineate
subwatersheds from the DEM. The DEM was then projected using the
Universal Transverse Mercator zone 16. A minimum size (threshold area) of
subwatersheds was set to 100 hectares to provide for a more detailed
description of each subwatershed since the total size of the Davis Creek
watershed is very small (3,400 ha). When this was complete, streams and
their respective outlets are displayed on the DEM. The main outlet of the
Davis Creek was then added to this layer resulting in the creation of the

complete watershed with 21 subbasins (Figure 3).
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Figure 3: Subbasins of the Davis Creek Watershed defined by SWAT
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3.2 Land Use and Soils

Use of the SWAT model requires Land Use Land Cover (LULC) and soil
files in order to determine the area and the hydrologic parameters for each
land use and soil category simulated in the sub-watershed (Di Luzio et al.,
2002). Land use and soil map layers were added to the watershed once the
creation of the watershed was complete. The 1996 Land Use Land Cover
map (scale 1:24000) was obtained from the Department of Geography GIS
Research Center of Western Michigan University. This year was the most
recent land use map available. The soil map (scale 1:24000) was also
obtained from the Department of Geography GIS Research Center of
Western Michigan University.

The LULC layer was then added into the watershed with its
corresponding land cover codes. The Michigan LULC classification system
was then used to assign LULCs to the codes as shown in Table 1. The
resulting grid was reclassified so that the land use layer could be loaded into
the watershed. A report describing the land use distribution within each

subbasin is then generated.
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Table 1: Land use land cover codes used for land use classification

Land cover  Description Codes Land use
Percentage
Residential ~ Multi-family high rise/low rise  111/112
Single family/duplex 113 12%
Mobile home park 115
Commercial Shopping center 122
Secondary/strip mall 124 4%
Industrial Industrial 130 14%
Institutional  Institutional 126 3%
Transport Air 141 8%
Rail 142
Road 144
Agriculture Cropland 210 29%
Rangeland Shrub and herbaceous 320 and 13%
rangeland 310
Forestland  Deciduous 410 7%
Coniferous 420
Water Streams/ river 510 2%
Wetland Forested and non forested 610 and 8%
wetland 620

Source: Department of Natural Resources (1975)

The soil layer was developed using the soil series - Soil Survey

Geographic Database (SSURGO) which is the most detailed level of soll

mapping done by the Natural Resource Conservation Service (NRCS) (Figure
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Figure 4: 1979 SSURGO soil map of the Davis Creek Watershed
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SSURGO generated a total of 18 soil categories compared to the soil
association - State Soil Geographic Database (STATSGO), which generated
only 2 soil categories for the entire watershed. The attribute data for each
soil type to be used in SWAT included layer thickness (mm), the percentage
of silt, the percentage of clay, the percentage of sand, the percentage of
organic carbon content, the percentage of available water capacity, the
saturated organic conductivity (mm/hr), and the bulk density. These values
were obtained from the United States Department of Agriculture - Natural
Resource Conservation Service (USDA-NRCS) soil properties for the
Kalamazoo County. These soil properties were processed using SSURGO
SWAT 1.0 software developed to be used in conjunction with the SWAT
(Peschel, 2002). The soil layer was then reclassified after being loaded into
the watershed. The Soil and LULC maps were then overlayed together
resulting in a land use and soil distribution report.

The next step involved determining Hydrologic Response Units
(HRUs) either by dominant land use and soils or by multiple hydrologic
response units. HRUs are those portions of a subbasin that contain unique
land use, management or soil attributes (Neitsch et al., 2002). The multiple
hydrologic response units option was selected for the watershed as it enabled
the creation of a different number of HRUs within each subbasin. It also
accounted for the many land uses in the watershed. As a result, land uses

covering an area less than 10% of the subbasin area were eliminated. On the
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other hand, thresholds values for soils were set at 10% so that minor soil
types were eliminated within a land use area. When this was done, a land use

and soil distribution report was generated.

3.3 Climate Data

Climate data is vital for the development of runoff models. The climate
data was imported after the definition of HRUs was complete. The weather
station location was then loaded and weather data assigned to the
subwatersheds. Only one weather station located within the watershed
(Kalamazoo-Battle Creek International Airport station Lat/Lon: 42.2°N
85.6°W) was used for climate simulation. Rainfall and temperature (maximum
and minimum) data from January 1, 1998 to December 31, 2004 was loaded
from a climate file while solar radiation, wind speed, and relative humidity
were simulated by the model. In addition, weather simulation data was also
required in order to define the data used to generate the different weather
parameters. Two options are available for weather simulation data; US
database and a custom database. The latter option was chosen and data was
then calculated and manually entered for weather simulation.

After generating the weather database, 12 other database files for
SWAT simulation were required (Di Luzio et al., 2002). They include; the
configuration file (.fig), soil data (.sol), weather generator data (.wgn), general

subbasin data (.sub), HRU general data (.hru), main channel data (.rte),
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groundwater data (.gw), water use data (.wus), management data (.mgt), soil
chemical data (.chm), pond data (.pnd), stream water quality data (swq).
Default values for most of these databases were used except for
management practices data such as fertilizer application, crop cultivation and
tillage information. Fertilizer application values were obtained from Wilbur-
Ellis Company located in Schoolcraft, Michigan while crop cultivation and
tillage information were obtained by interviewing staff at the Kalamazoo

Conservation District (Wonders, 2005).

3.4 Management Information

Wilbur-Ellis Company specializing in fertilizer application in most farms
in West Michigan was contacted in the course of this study and they provided
fertilizer application information for most common crops grown in the Davis
Creek watershed. Corn and soybeans were identified as the common crops
utilizing fertilizer N.P.K 18-46-00 for their growth (Wonders, 2005). These
fertilizers were applied at the same rate of 46kg per hectare for both corn and
soybeans.

The chisel plow was identified as the main tillage operation in both
corn and soybean farms within the watershed (Buckham, 2004). Typically,

this exposes a significant amount of unconsolidated soil to erosion process.
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3.5 Applications of SWAT

The model was run using data from January 1998 through December 2004 (a
7-year period). Monthly and yearly rainfall data were used for the
precipitation. When all the input data were processed, the model was then
run, generating outputs including the Hydrologic Response Unit output file
(.sbs), subbasin output file (bsb) and the main channel output file (.rch). Other
output files include surface runoff, ground water, sediment and nutrient

loadings.
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CHAPTER 4

RESULTS AND DISCUSSION

Multiple databases for climate (1998-2004), soil types, DEM, land use
and agricultural management practices were used to derive inputs for the
SWAT. Subsequently, the SWAT model was run for the period of 1998-2004
to simulate the hydrologic processes and to determine the water quality of
Davis Creek. The simulated model output for runoff, sedimentation, nitrogen

and phosphorus loading are presented and discussed in this chapter.

4.1 Verification of the Simulated Results

The simulated results were compared against the observed flow,
sediment, nitrogen and phosphorus data for the period of May 1999 through
June 2001 to determine their uncertainties. The in-situ data were provided by
Dr. Chansheng He, the Department of Geography at Western Michigan
University. He and his research team collected flow (daily) and water quality
data (bi-weekly) for the period from 1999-2001. But the data collected only
covered part of the 1999-2001 period (1999, 222 days; 2000, 306 days; and
2001, 177 days) and no complete data were available to cover the full years
of the observation period. This is the only real time in-situ data available for
the Davis Creek since there is no gage station in the Davis Creek Watershed.
Tables 2 and 3 below shows the comparison of the simulated results and

observed data for the period of 1999 - 2001.
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Table 2: Comparison of the simulated and observed flow and sediment yield
for the Davis Creek for the period of 1999 - 2001

Flow (m*/sec) Sediment

Surface  Ground
Runoff Water Simulated Observed Difference| Simulated Observed Difference

(m*/sec) (m®sec) (%) | (kg/halyr) (kg/halyr) (%)
1999 0.2 0.6 0.8 0.1 700 301 2.1 14233
2000 0.3 0.7 1.0 0.1 900 312 6.3 4852
2001 04 0.8 1.2 0.2 500 402 22.7 1671

Note: Flow = Surface runoff + Ground water

Table 3: Comparison of the simulated and observed total phosphorus and
total nitrogen for the Davis Creek for the period of 1999 - 2001

Total Phosphorus Total Nitrogen
Simulated Observed Difference Simulated Observed Difference
Year _ (kg/halyr)  (kg/halyr) (%) (kg/halyr)  (kg/halyr) (%)
1999 0.4 0.1 300 25 0.3 733
2000 0.5 0.1 400 2.7 0.3 800
2001 0.6 0.2 200 3.5 0.7 400

Table 2 and 3 shows a considerable deviation between the observed
and simulated flow, phosphorus and nitrogen variables. Similarly, there is
also considerable deviation between the observed and simulated sediment
loading. These large discrepancies may be due to inadequate calibration of
the model, inaccurate input parameters, and short period of in-situ data. A

summary for the total yearly-accumulated sediment, phosphorus and nitrogen
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loading at the outlet for the 7 years of simulation is presented in Table 4

below.

Table 4: Simulated sediment, phosphorus and nitrogen accumulated at the

outlet

Year Sediment (Tons) Phosphorus (Kg) Nitrogen (Kg)
1998 1,146 1,450 8,041
1999 1,024 1,441 8,629
2000 1,060 1,671 9,293
2001 1,366 2,132 11,737
2002 717 1,338 7,437
2003 1,012 1,742 9,092
2004 1,083 1,920 10,125

The flow of sediments and nutrients in the watershed is largely
influenced by the ground water flow and surface runoff. Table 2 shows the
contribution of surface runoff and ground water to the general flow of water in
the watershed. Surface runoff in the Davis Creek watershed is influenced by
the land use and slope characteristics. The model output shows higher
surface runoff rates in the industrial, transportation and commercial areas.
These land uses are mainly located in the northern and southwestern portion
of the watershed. Subbasins 1,4,6,9 and 20 have higher runoff rates
compared to other subbasins. Each of these subbasins has industrial facilities
covering over 64% except for subbasin 9 with transportation covering over
58% of the subbasin (Table 5). Subbasin 6 (76% industrial and 24%
commercial) and subbasin 9 (with approximately 58% transportation facilities
and 29% industrial uses) have the highest runoff rates in the entire

watershed. Agricultural areas located in the eastern and southeastern
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portions of the watershed have low runoff rates which could be attributed to
low changes in field elevation or slope (Table 5). Slopes in these subbasins
are less than 3%. Elevations range between 259 and 262 meters above sea
level. Soils in the agricultural area are medium textured and well drained.
Subbasins 7 and 8, both totally residential have a medium potential for

surface runoff compared to the industrial and commercial areas.

Table 5: Summary of characteristics of the Subbasins in the Davis Creek

Watershed.
Subbasin Elevation (Meters Area (ha) Major Land use

no. above Sea Level)

1 247.0 124 Industrial, 80%; Residential, 20%

2 249.3 121.5 Industrial, 38%; Rangeland, 27%;
Residential, 29%; Commercial, 20%

3 2619 146 Residential, 75%; Industrial, 25%

4 257.5 172 Transportation, 17%; Industrial, 68%;
Rangeland, 15%

5 269.2 164 Agriculture, 57%; Rangeland, 43%

6 253.5 73 Industrial, 76%; Commercial, 24%

7 255.3 6 Residential, 100%

8 299.3 21 Residential, 100%

9 261.7 138 Transportation, 58%; Industrial, 29%;

Rangeland, 13%
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Table 5 - Continued

Subbasin Elevation (Meters Area (ha) Major Land use
no. above Sea Level)
10 263.5 359 Transportation, 49%; Industrial, 14%;

Rangeland, 19%; Agriculture, 18%

11 259.6 260 Agriculture, 100%

12 260.5 331 Residential, 28%: Rangeland, 29%;
Agriculture, 43%

13 261.8 148 Agriculture, 81%; Rangeland, 19%

14 261.9 150 Agriculture, 73%; Residential, 27%

15 261.6 292 Agriculture, 52%; Water, 15%;
Wetland, 14%; Residential, 19%

16 261.7 322 Agriculture, 58%; Wetland, 42%

17 260.8 170 Agriculture, 46%; Forested, 33%;
Rangeland, 21%

18 263.1 103 Wetland, 23%; Residential, 12%;
Agriculture, 65%

19 266.6 107 Transportation, 14%; Agriculture,
86%

20 266.3 103 Industrial, 64%; Agriculture, 19%;

Transportation, 17%

21 237.4 137 Rangeland, 29%; Industrial, 32%;
Forested, 19%: Residential, 30%

Surface runoff rates for the entire period of simulation shows a peak
runoff rate of 12.8 inches in 2001 and low runoff rates of approximately 7

inches in 1998 and 2002 (Figure 5).
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Figure 5: Annual precipitation (in/yr) and the simulated surface runoff (in/yr)

High runoff rates were recorded in the years 2001 and 2004 mainly
over the summer (between May and September). This is attributed to summer
rainstorms recorded over these months. High precipitation rates occurred
between May and July and also between August and September in 2001. In
2004, high rates of precipitation occurred between May and June and also
during the fall between October and November. Low runoff rates were
recorded both in 1998 and 2002 because there were no significant rainstorms
occurring in the area. Low annual precipitation rates were recorded during
these two years. Table 6 and 7 shows actual flow, sediment, nitrogen and
phosphorus loadings for some storm events that occurred between the years

1999 and 2001 and compared to the simulated results.
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Table 6: Simulated flow and sediment with observed storm events

Flow (m%/sec) Sediment (kg/ha)
Date Precipitation Simulated Observed % change Simulated Observed % change
(inches)
7/4/1999 1.6 0.2 0.1 100 14.2 2.3 517
8/20/1999 1.4 0.2 0.1 100 8.7 10.3 -16
5/13/2000 2.3 0.4 0.1 300 244 0.6 3967
4/15/2000 1.5 0.2 0.1 100 14.9 1.8 728
2/17/2001 1.4 0.1 0.2 -50 22.0 27.5 -20

Table 7: Simulated phosphorus and nitrogen with observed storm events

Phosphorus (kg/ha) Nitrogen (kg/ha)
Date Precipitation Simulated Observed % change Simulated Observed % change
(inches)
7/4/1999 1.6 0.02 0.07 -71 0.6 0.1 500
8/20/1999 1.4 0.01 0.06 -83 0.4 0.1 300
5/13/2000 23 0.03 0.03 0 0.3 0.2 50
4/15/2000 1.5 0.02 0.04 -50 0.6 0.1 500
2/17/2001 1.4 0.00 0.14 -100 25 0.1 2400

4.2 Sediment Loading

The model output shows that sediment loading is higher in the
industrial, commercial and residential areas. This is manifested by the total
load per year (tons/halyear) eroded from subbasins 1, 2, 6, 7 and 20 (Figure
6). Other major sources of sediments are agricultural farmlands especially

those in subbasins 15 and 16.
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Figure 6: Simulated sediment loading in the Davis Creek for the period of



4.3 Phosphorus Loading

Phosphorous loading in the watershed varies highly in the urbanized region.
Subbasins 6 (76% industrial and 24%commercial) and subbasin 20 (64%
industrial, 17% transportation and 19% agriculture) have the highest
phosphorus loading per hectare in the entire watershed (Figure 7). This is
attributed to the higher runoff rates occurring within the industrial, commercial
and residential areas. Transportation facilities also contribute substantial
amounts of phosphorus loadings in the watershed. The simulated results
show that agriculture contributes less amount of phosphorus loading than the

urban land areas.
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Figure 7: Simulated total phosphorus loading in the Davis Creek for the

period of 1998-2004
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4 .4 Nitrogen Loading

Nitrogen loading is highly variable throughout the watershed.
Subbasins 1,4,6,9 and 20 recorded high nitrogen loadings over the simulation
period. These subbasins are predominantly occupied by industrial,
transportation and residential land uses. These-land uses contribute more
than 5.0 kg/halyear of nitrogen. Subbasins 15 and 16 mainly agricultural and
wetland areas have higher rates of nitrogen loading (Figure 8). Like
phosphorus, nitrogen in the agricultural area is highly influenced by fertilizer
applications and the presence of medium textured soils. However, varying
slopes and other land uses such as wetlands within the agricultural area also
influences the rate of nitrogen loadings. High nitrogen loadings in the

agricultural portion of the watershed also occur in subbasins 11, 14 and 18.

44



Total Nitrogen (kg/halyear)

[ ]03-05

]05-08 N
B os-24 k
Bl24-53 . 1 2 Miles }’ L
s34 = = J

Figure 8: Simulated total nitrogen loading in the Davis Creek for the period of
1998-2004
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In summary, the results of this study show that phosphorus and
nitrogen output rates are related to the sediment loadings. Areas with high
sediment loadings experience higher nutrient loadings and vice versa. These
results help us understand the overall loadings of sediment, phosphorus and
nitrogen within the Davis Creek and support. mitigating and controlling

nonpoint source pollution problem in the watershed.

4.5 Management Scenarios

To support nonpoint source pollution management in the Davis Creek,
several scenarios were developed in this study to evaluate their impact on
sediment and nutrient loadings within the Davis Creek. The scenarios range
from the most probable foreseeable phenomenon in the future (change from
rural to urban) to other BMPs such as no till and construction of retention
ponds. The scenarios were developed and simulated for the period of 1998 to
2004. These scenarios are:

e Conversion of agricultural land to urban land - This is a foreseeable
scenario because urban population for Kalamazoo County has been
steadily increasing since the 1970s, thus, putting developmental
pressure on the existing agricultural land. These urban changes are

presented in Table 8.
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Table 8: The population of Kalamazoo County (1970-2000)

Year 1970 1980 1990 2000

Total Population 201,550 212,378 223,411 238,608

Urban 152,083 154,990 164,576 191,052
Population _
% Urban Change 1.9% 6.2% 16%

Source:; Unites States Census Bureau, 2000

Between the years 1970 and 1980, the Kalamazoo County’'s urban
population increased by 1.9%. Thereafter, between the years 1980
and 1990 an increase of 6.2% in urban population was realized.
Between 1990 and 2000 the County’s urban population increased
substantially by approximately16%. This trend implies that the rate of
urbanization in Kalamazoo is gradually increasing, thus, justifying the
selection of the scenario.

Adoption of no till - No cultivation in the agricultural land for the whole
growing season. This scenario was applied to cultivated farmlands in
November when the harvest operation was over. The no till scenario
was chosen in order to find out the impact of tillage operation currently
employed in the watershed and whether this can be adopted in the
future.

Expansion of wetland area - 200ha (6% of the entire watershed)

agricultural land was changed to wetland. This scenario was
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developed to simulate the effects of wetland rehabilitation on the water

quality of the creek since there are different types of wetlands in the

upper stream of the watershed.

e Construction of retention ponds - 3 retention ponds of 7ha each were
constructed in subbasins 3,7 and 8 of predominantly residential areas
in the lower portions of the watershed. The scenario was chosen to
find out their effectiveness on sediment and nutrient accumulation and
retention in residential areas.

The Simulated sediment, phosphorus and nitrogen loadings for the
proposed management scenarios were simulated for each of the 4 scenarios
(change from agricultural land to urban land, no till, increase in wetland area
and construction of retention ponds in residential areas). These changes
were then compared with the base conditions (year 2004) of the watershed
without any best management practices (Tables 9,10 and 11).

The first scenario - change of agricultural land to urban land is a
probable phenomenon if current trends of urban development within the
Kalamazoo County continue. This scenario would lead to an increase in
sediment loads by 23%, phosphorus by 12% and nitrogen by 8% within the 7
years of simulation.

The no till practice on farmlands after harvest would provide a
significant reduction in sediment and nutrient loads. The no till scenario would
reduce sediment load by 8%, phosphorus load by 5% and nitrogen by 3%.

Expansion of wetland by 200 ha did not provide a meaningful change in
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sediment and nutrient loads probably because the proposed expansion is too
small. The scenario might lead to a reduction in sediment loads by 3% while
phosphorus and nitrogen loads remains almost the same.

Construction of 3 retention ponds in the lower portions of the
watershed within residential areas could lead to a reduction in sediment loads
as well as nutrient loads. Sediment loads could be reduced by 5% while
phosphorus and nitrogen loads might be reduced by 1.4% and 1.9%
respectively. Addition of more retention ponds may reduce the rate of
sediment and nutrient loadings more significantly.

Table 9: Sediment loading (kg/hal/year) under the proposed management
scenarios

YEAR Base Agri. To Change No Till Change Wetland Change Retentlon Change
P

Urban % %  Increase % %
1998 337 402 191 4819 -54 |1 338 0.2 -2.1
119991 301 ¢ 847 154 9268 -10.9 280 -3.6 -4.9
12000 312 | 349 119 (278 -10.9 | 280 69 | -8.4
2001 402 410 2.1 g76 63 | GREEE -126 & -14.4
2002 211 291 381 193 -84 204 -35 5.6
2003 298 433 455 SEGEE -7.3 297 -0.2 22
2004 319 416 305 295 -74 388 53 2.3
Mean 311 378 232 287 -8.1 301 -3.1 -4.9
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Table 10: Phosphorus loading (kg/hal/year) under the proposed management

scenarios
Year Base Agn to Change NoTill Change Wetland Change R tent/an Change
i _Urban % % Increase % %
1098 04 05 6.8 0.4 -2.2 04 2.0 -0.3
1999 04 0.5 9.8 04 -5.3 04  -12 -2.9
2000 0.5 0.5 9.0 0.5 -6.0 0.5 -1.2 -2.9
2001 0.6 0.7 5.5 0.6 -3.9 0.6 -2.2 -3.8
2002 04 0.5 19.9 0.4 -5.1 04 -04 -2.2
2003 0.5 0.7 20.4 0.5 -5.1 0.5 0.7 -0.9
2004 06 = 07 16.6 BOSE -5.00 & 6 4.8 i
Mean 0.5 0.6 12.6 0.5 47 05 0.4 -1.4
Table 11: Nitrogen loading (kg/ha/year) under the proposed management
scenarios
Year Base Agrito Change No Till Change Wetland Change Retentldh Change
Urban % % Increase % %
1998 24 @ 25 74 @8 24 -0.1 -2.1
1999 25 @ 27 73 AR -37 1.2 3.2
2000 27 29 5.8 2.6 -3.6 1.4 -0.6
2001 3.5 3.6 3.7 3.4 -2.3 -1.3 3.3 -3.0
2002 22 2.4 11.2 2.1 -2.8 -0.3 2.1 -2.2
2003 27 3.0 12.7 26 -26 0.2 TSR -16
2004 30 @ 32 88 M2 .26 G 14 30  -04
Mean 2.7 2.9 8.1 2.6 -2.9 2.7 0.01 27 -1.9

NB: All changes above are based on the base conditions (simulated output
from the current land use) without any best management practice
4.6 Implications of the Scenarios

These scenarios show the impact of land use change on sediment and
nutrient loadings with the no till scenario being the best-case scenario. The
scenario shows a reduction in sediment and nutrient loads throughout the
agricultural subbasins. Lower sedimentation and nutrient rates are related to
the minimal disturbance of the topsoil in the agricultural fields. The

construction of retention ponds scenario would lead to a substantial reduction
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of nutrients and sediment loads in subbasins 3, 7 and 8 where the retention
ponds are located. This result should be expected since the scenario was
applied to only three particular subbasins. The increase of wetland area
scenario shows that increasing wetland area would substantially reduce the
sediment and nutrient loadings in the watershed. The 7 years of simulation
shows that although the wetland expansion was only by 200 ha, sediment
and nutrient loads were simulated to decline slightly especially in 2001 when
precipitation rates were high. The change of agricultural land to urban land
would increase sediments and nutrients throughout the 7 years of simulation.
Higher sediment and nutrient loadings are expected due to high surface

runoff in the urban area.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The Davis Creek watershed has been impaired for many years by
nonpoint source pollution. Several local agencies such as the Forum of
Greater Kalamazoo were initiated in the 1990s to help restore the impaired
watershed. This was mainly through development of action plans such as the
Davis Creek Watershed Management Plan of 1996 that provided for both
long-term and short-term planning objectives for the watershed. The plan
involved encouraging citizen participation in developing and implementation
programs such as BMPs to reduce nonpoint source pollution.

This study simulated the movement of sediments and nutrients in the
watershed continuously using the Soil and Water Assessment Tool (SWAT).
Databases of the Digital Elevation Model, climate, soil types, land use and
management practices were used to derive the SWAT inputs. The model was
then run for a period of 7 years (1998-2004). The results from the 7-year
simulation show that:

e The major sources of sedimentation and nutrient loads in the Davis
Creek watershed are from urban land uses specifically from industrial,
commercial, residential and transportation facilities. Loadings from
these land uses are expected to rise in the future (as seen in the

change of agricultural land to urban land use scenario) due to the
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urbanizing trend of the Kalamazoo County. This rate of urbanization
within the County will definitely have an impact on the sediment and
nutrient loads in the watershed.

e High pollution areas are located in the urbanized region of the
watershed where higher runoff rates occur in comparison with the
agricultural areas. Urban land uses such as industrial, transportation,
commercial and residential areas are more susceptible to higher
pollution rates.

e Construction of retention ponds within the residential areas would
reduce sediment and nutrient loads from residential areas.

e Agricultural fields in the watershed contribute large amounts of
sediments and nutrients. However, Implementing no till and expanding
wetlands would greatly reduce the loading outputs.

e Nonpoint source pollution in the Davis Creek Watershed can be
reduced through application of best management practices in both
urban and agricultural areas. These practices include: expansion of
wetlands; adoption of no till on farmlands in the agricultural areas; and
construction of retention ponds in residential areas.

The results obtained from this study can be used to better understand

water quality issues in the Davis Creek watershed. They also provide different
BMPs scenarios that could be applied or adopted to reduce sediment and

nutrient loading in the Davis Creek.
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5.1 Limitations of the Study

This study simulated the hydrology and nonpoint source loadings in
the Davis Creek for the period of 1998 to 2004. While large discrepancies
exist between the simulated results and in-situ measurements, these may be
attributable to several factors related to model input and calibration and in-
situ measurement.

The 1996 land use and soils map were used for this study because
they were the only most recent maps available. Additionally, the SWAT model
only takes the watershed boundary derived directly from DEM by the model
and does not allow use of any other forms of the watershed boundary. For the
study area, the watershed boundary derived from DEM by SWAT is about
400 acres smaller than the official watershed boundary defined by the USDA
Natural Resources Conservation Service (GIS Research Center, 1996). This
may have affected the simulation results.

Another limitation stemmed from the lack of adequate calibration on the
results due to limited long-term in-situ data. The only in-situ data available

were from May1999 through June 2001.
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5.2 Recommendations

With the current rate of urbanization, adopting best management
practices seem to be the best strategy for reducing sediment and
nutrient loss in the watershed. Nevertheless, BMPs associated with
urbanization need further evaluation. To. this end, more research
should be directed towards creating effective BMPs for commercial,
transportation and industrial facilities.

The Davis Creek watershed does not have readily available data on
management practices and river flow. These variables are crucial for
any sound hydrological study. Therefore, real time flow data for a more
extensive period of time (at least 4 years) need to be collected for
future simulations. Management practice information on the watershed
such as tillage information, fertilizer and pesticide information also
needs to be collected and made available for future research.

An urban land use model needs to be employed in the future to
compare and ascertain the SWAT model output. Although the Davis
Creek watershed is still predominantly agriculture, current trends show
that in less than a decade, the predominant land use will have
changed to urban land use. Therefore, an urban land use model would
be effective because SWAT was originally developed to simulate the

effect of agricultural management practices on land use.
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e The Kalamazoo Conservation District should incorporate multiple
learning institutions, residents and other stakeholders in its planning

process for BMPs plans and their implementation.
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Kalamazoo County Soils

APPENDIX 1

Soil Type Symbol | Slope Drainage Potential for Dominant
Surface use
runoff

Adrian Muck Ad 0-2% | poorly very low cropland

drained

Brady Sandy BdA 0-3% | somewhat | low pasture

Loam poorly

drained

Gilford Sandy Gd 0-2% | very poorly | very low pasture

Loam drained

Glendora Sandy | Gn 0-2% | very poorly | very low woodland

Loam drained

Houghton Muck Hn 0-2% | poorly very low cropland

drained

Houghton and Hs 0-1% | very poorly | very low woodland

Sebewa soils drained

Kalamazoo Loam | K3A 0-2% | well drained | low cropland

Kalamazoo Loam | KaB 2-6% | well drained | medium cropland

Kalamazoo Loam | KaC 6-12% | well drained | medium cropland

Oshtemo Sandy OsB 1-6% | welldrained | low woodland

Loam

Sebewa Loam Sb 0-2% | very poorly | low cropland

drained

Sleeth Loam SeA 0-3% | somewhat low cropland

poorly
drained

Udipsamments Ua (level- | - - -

steep)

Urban Land ub - - - Buildings/
Urban
structures

Urban Land- Ug 0-2%. | well drained | low Building site

Glendora development

complex

Urban Land - UkB 0-6%. | Very poorly | low Building site

Kalamazoo drained development

complex

Urban Land - UkC 6- Well drained | medium Building site

Kalamazoo 12%. development

Complex

Urban Land - UoD 12- Well drained | high Building site

Oshtemo 25% development

complex

Austin and Konwinski, 1975
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indicator value 0) should be first.

Change of Selection Decision

If an item is received with a slip indicating a change in the selection decision, the cataloger
should make the necessary changes to field 925, if this has not already been done, and record the

code or initials of the selecting official in subfield $x. If the code or initials are not available,
record “Sel Off” in subfield $x.
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925 0# $a acquire $b 2 shelf copies $x policy default
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A. Gardner, 04-15-00
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925 0O# $a acquire $b 3 shelf copies $c do not purchase $x rkb
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925 0# $a do not acquire $x xx 11-24-99
925 0# $a do not acquire $d NAL $x J. Buydos 07-15-99

925 1# $a acquire $b 1 shelf copy $x policy default
[Decision to discard from LC collections)

925 0O# $a acquire $b 2 shelf copies $x policy default $z send next
unassigned copy to D.L. Graves (SMCD/MSR I) for CatRef
assignment

925 0# $a acquire $b 1 shelf copy $e do not retain if CD copy is
acquired $x policy default

[ Commercial sound cassette]
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items being withdrawn from the collection will be handled by non-cataloging staff.
For further information about field 925, see Bibliographic Workflow Training Document 9.
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