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ABSTRACT

The U.S. government implemented many incentive programs in the 1980s to
encourage farmers to reduce agricultural runoff and erosion through the use of best
management practices (BMPs). Remote sensing, GIS, and modeling, have been used to
determine the effectiveness of BMPs through comparisons of before and after BMP
implementation. The Salamonie watershed in Northeastern Indiana was studied for BMP
effectiveness. The study addresses how agricultural practices have changed over a
twenty nine year period (1975-2003), and how the implementation of BMPs will decrease
the amount of sediment and nutrient load to surface waters. Methods reported on include
the use of the Soil and Water Assessment Tool (SWAT) watershed model and how
different weather data (precipitation and temperature) greatly affects streamflow
predictions, as well as the effects of BMP implementation on sediment loads to surface
water. The outcomes of this study provide a viable argument of how BMPs
implementation positively affects water quality in the watershed region by effectively
reducing sediment loads.
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1. INTRODUCTION

Agriculture has placed much more pressure put on its yields for not only a
worldwide food source, but for increasing popularity of renewable and biodegradable
products (i.e. bio-fuels and plastics). Delgado (2010) states, “never in the history of
humankind has there been so much pressure put on the biosphere to provide food, shelter,
fuel, and other necessities to society on such a scale.” These pressures include a need to
“maximize agricultural production per unit of land and to sustain high production levels
into the future” (Delgado, 2010). Maximizing yields generally involves application of
artificial chemicals, particularly nitrogen and phosphorus fertilizers and pesticides.
Persistent water quality issues are attributed to agricultural runoff in the United
States including: increased sediment loads, increased nutrient levels (nitrogen and
phosphorus), and the presence of pesticides (Frimpong, Lee, & Ross-Davis, 2007; Smith,
Haggard, Warnemuende, & Huang, 2005; Wang, Hapuarachchi, Takeuchi, & Ishidaira,
2010). Much of the land in the Midwestern United States has been cleared for agriculture
– it is this land cover change that could potentially have the most detrimental effects on
stream water quality. In Indiana, in 1800, around 88% of Indiana was covered by forests,
in 2000, that percentage was merely 4.5% (Rathfon, 2001). Non-point source (NPS)
pollution via agricultural runoff provides an increased stream loading of sediments,
nutrients, and pesticides.

Best management practices (BMPs) can lead to decreased NPS pollution and
improved surface water quality. BMPs are defined as conservation practices used in
agriculture to minimize the negative effects of non-point pollution sources on water
quality (M. Arabi, Frankenberger, Enge, & Arnold, 2008). Crop rotation, conservation
tillage, and filter or buffer strips are among the most used conservation practices in
Indiana (M. Arabi, et al., 2008; I. NRCS, 2007; Smith & Huang, 2010). BMP
effectiveness can be assessed through spatial analysis and water quality models.
While many models exist to aid in the modeling of BMP effectiveness, discussed
further in the literature review, Soil and Water Assessment Tool (SWAT) is argued to be
the most robust (M. Arabi, et al., 2008; Heathman, Larose, & Ascough, 2009). SWAT
offers a wide array of inputs (i.e. daily or sub-daily weather, surface runoff, return flow,
percolation, evapotranspiration, transmission losses, pond and reservoir storage, crop
growth and irrigation, groundwater flow, reach routing, nutrient and pesticide loads);
therefore, the outputs are quite detailed as well, as it gives variability throughout the
watershed via the hydrologic response units (HRUs). It is capable of representing
multiple BMPs at the watershed scale (M. Arabi, et al., 2008). SWAT could prove to be
a powerful tool for many watershed managers, especially for those watersheds with
impaired streams due to nutrients, sediments, or pesticides. To understand the impacts of
BMPs on agricultural runoff, I enroll SWAT to assess sediment and nutrient loading to
surface water. The objectives of this research include:
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1) To understand the effects of the length (in years) of daily weather data
(precipitation and temperature) has on both uncalibrated and calibrated
streamflow predicted by the SWAT model
2) To model sediment yields in surface runoff to surface water through SWAT
3) Quantify the effects of BMP implementation in the Salamonie Watershed through
use of SWAT
These results shall answer the following question: Have best management practices
throughout the Salamonie watershed in northeastern Indiana from 1975 through
2003 reduced the runoff of sediments to surface water?
The study area includes the Salamonie watershed (HUC 05120102), shown in
Figure 1.1. The watershed, located in Northeast Indiana, overlaps six Indiana counties
(Blackford, Grant, Huntington, Jay, Wabash, and Wells), with an area of 1,428 km2
(352,900 acres). The main channel is the Salamonie River that runs into the Salamonie
Reservoir, a small reservoir used as flood control for downstream communities, and then
eventually flows into the Wabash River around Wabash, IN. More detailed physical
descriptions are included in the methods section.
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Figure 1.1. Study Area: Salamonie Watershed (HUC 05120102)
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Since the Salamonie watershed is dominated by agriculture and has several miles
of impaired streams, it is a perfect fit for more analysis. An impaired stream can contains
any of the following: “excessive amounts of sediments, nutrients, and bacteria that
degrade the water quality causing an unbalanced fish community with depressed
populations and limited diversity”(NRCS, 2007). At the outlet of the Salamonie
watershed is the Salamonie Reservoir, which is used recreationally by many people. The
reservoir suffers each summer from algal blooms, which creates an unpleasant odor,
decreased aesthetics for the bordering state park, and decreased use by fisherman and
recreational boaters alike. The significance of this study is the fact that a study has never
been completed on this watershed before. In addition, the watershed is unique because it
is almost completely dominated by agriculture (76%) and very little urban (9%);
therefore, the study can focus on the effects of changes in agricultural practices. For
example, BMP implementation methods in SWAT that worked for Arabi et al. (2008) can
be used to study effectiveness of BMPs on the Salamonie watershed. The study
presented a stepwise procedure for representing BMPs within the SWAT model that
otherwise did not have an established method and concluded that their methods could be
used within other watersheds and other watershed models that use the SCS curve number
and Universal Soil Loss Equation (USLE). The quality of the input data for SWAT has
been studied and discussed before, but studies on the effects of the amount of weather
data (daily precipitation and temperature data in years) on streamflow prediction are very
limited. Since streamflow is an important factor in calibration, the effects could prove
significant. Also, a study of a watershed, like Salamonie, could increase public
knowledge of how their current agricultural practices are affecting their water quality.
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For example, since the Salamonie watershed is dominated by agriculture and 3,839 small
farms with an average acreage of 350 acres; educating the farmers (516 part time and 140
full time farmers) on the issues of impaired streams and how their management practices
affect the surface water quality could help with more farmers participating in the
available government incentive programs, hopefully increasing surface water quality
(NRCS, 2007).
Following this introduction, Chapter 2 will present a literature review and expand
on the issues of NPS pollution and water quality, BMP implementation, a brief history of
government programs addressing the conservation issues, impacts of spatial modeling on
watershed management, different models available for water quality, a brief summary of
the SWAT model, and various studies conducted throughout Indiana using SWAT.
Chapter 3 consists of an in-depth insight into the methods used to calibrate/validate the
SWAT model, to determine effects of weather data on SWAT predicted streamflow, and
to study BMP effectiveness before and after implementation. Chapter 4 discusses results
from the SWAT modeling effort that concludes the weather data affects streamflow
output and BMP implementation decreases sediment and nitrogen loads to surface water.
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2. LITERATURE REVIEW

The persistence of water quality issues in the United States caused by agricultural
runoff results in increased sediment loads, increased levels of nitrogen and phosphorus
(nutrients), and the presence of pesticides (Frimpong, et al., 2007; Smith, et al., 2005;
Wang, et al., 2010). While the three issues are interconnected, some main issues often
include: increased sediments cause reservoirs to lose their capacity for holding water,
increased nutrients lead to eutrophication, and the presence of pesticides could prove to
be the most dangerous because the long term effects of most pesticides are unknown
(EPA, 2010; Hargrove, Johnson, Snethen, & Middendorf, 2010; USGS, 2010). All three
create problems for water quality throughout the world and the United States through
both surface runoff and underground tile drainage to drainage ditches (Baker, Stone,
Frey, & Wilson, 2007). Surface runoff includes the excess precipitation that flows over
the landscape and is considered non-point source pollution (Baker, et al., 2007; Qiu,
2009). Tile drainage runoff includes the excess water infiltrated through the soil that
moves to the drainage ditches through the underground tile system (Baker, et al., 2007).
As stated before, sediments create problems through loading reservoirs to the
point of capacity loss, this is important because many towns, cities, and large

metropolitan areas depend on reservoirs as their source of drinking water (Hargrove, et
al., 2010). Sedimentation of surface waters also produces issues with turbidity, which is
defined as “optical property of liquids that measure the scattering and/or absorption of
light due to material suspended in solution” (NOAA, n.d.). Turbidity is commonly
measured as the Total Suspended Sediment (TSS), which is the measure of the suspended
sediment concentration by volume/mass, expressed in units of mg/L. The most common
problems associated with a high TSS includes a decrease in dissolved oxygen capacity in
water because the reduced amount of light entering the water decreases the production of
oxygen through photosynthesis, which can create devastating effects on biodiversity.
Fish species lose their ability to defend off disease when their gills and scales become
coated with sediments; also their migration and spawning behaviors become affected, all
leading to the decreased biodiversity. Sediments can be especially degrading when
carrying contaminants, such as, nutrients and pesticides (NOAA, n.d.).
Concentrated amounts of nutrients enter watersheds through the application of
nitrogen and phosphorus fertilizers. Nitrogen is applied by knifing directly into the soil;
this decreases surface runoff during storm events, but increases nitrogen movement
through the tile drainage system to drainage ditches (Baker, et al., 2007). Nitrates
(nitrogen fertilizers) are predominantly water soluble, which indicates they will easily
leach to the subsurface by the movement of water through the soil and eventually move
to surface water (NRCS, 2000). Nitrogen accumulation in surface waters magnifies the
effects of eutrophication and leads to some increased risks to human health when
drinking water is contaminated. The known health risks include reproductive issues,
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methemoglobinemia, and some cancers (Townsend et al., 2003). Methemoglobinemia is
a blood disorder that affects how oxygen is carried to body tissues through changing
hemoglobin to methemoglobin (Carpenter et al., 1998; NIH, 2009; Townsend, et al.,
2003). Phosphorus is applied through granules that dissolve into the soil; it readily
attaches to soil particles, therefore surface and tile-drained runoff of phosphorus is
generally low unless large amounts of rainfall occur (Baker, et al., 2007; NRCS, 2000).
Much like the accumulation of nitrogen, phosphorus accumulation in surface waters
amplifies eutrophication through increasing algal blooms and providing excess nutrients
to aquatic weeds (Smith, et al., 2005; Smith et al., 2008). Fortunately, as of now, there
are no known health risks to humans through drinking water contamination (Carpenter, et
al., 1998). Some nutrients (phosphorus and nitrogen) occur naturally in surface water,
but through anthropogenic sources (agricultural fertilizers), the process of eutrophication
is greatly intensified (Dubrovsky & Hamilton, 2010; Smith, et al., 2008; USGS, 2010).
Eutrophication promotes excess algal growth, as the algae are decomposing the excess
nutrients and dying, they use up the available oxygen content in the water, causing death
of natural fish and aquatic plant species (USGS, 2010). Eutrophication affects humans
through the increase of algae that produces a strong odor and an unusual taste in drinking
water (Smith, et al., 2008).
The presence of pesticides could prove to be the most dangerous because the long
term effects of most pesticides are unknown (EPA, 2010). Much like phosphorus, the
greatest movement of pesticides occurs when the pesticides are applied and precipitation
occurs immediately. Unfortunately, most pesticides, particularly the ones that dissolve
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readily in water, generally move through the soil to the tile drains and reach the drainage
ditches easily. Others reach surface water through surface runoff of eroded soil particles
(Baker, et al., 2007). While long term effects are unknown, some known health risks
involve interference with the nervous and endocrine systems and irritation to skin and
eyes. Certain pesticides are thought be carcinogens, which can lead to certain cancer
types (EPA, 2010).
Indiana has seen much change in the land use and land cover since the 1800s,
when it was first cleared and drained for agriculture. Deciduous forest dominated the
landscape throughout Indiana before clearing. Throughout the 20th century, Indiana’s
landscape continuously evolved, some transformations were constructive such as forest
restoration and reservoir construction, while others were destructive such as urbanization
and continued forest clearing. The negatives (i.e., land over change) outweighed the
positives (i.e., productivity), and Indiana saw continued degradation of its ecological and
environmental health. Yet in the 21st century, Indiana is seeing little improvement of
surface water quality (Martin, Shao, Swihart, Parker, & Tang, 2008). The water quality
issues do not only exist here in Indiana, but the entire world is seeing the detrimental
effects of agriculture and urbanization on water quality as well. Barlage et al. (2002)
stated that, “one of the greatest threats to the continued growth and sustainability of the
human population is the availability of clean water.” Downstream from the Midwest, the
phenomenon of the zone of hypoxia (eutrophication) in the Gulf of Mexico has been
linked to nutrient inputs from the Mississippi River Basin with the greatest losses of
nitrogen coming from watersheds draining Iowa, Illinois, Indiana, Ohio, Iowa, Michigan,
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Minnesota, Missouri, and Wisconsin (Kalita, Cooke, Anderson, Hirschi, & Mitchell,
2007; Smith, et al., 2008). These states become major sources to the degradation due to
the fact that they receive a high amount of precipitation (causes runoff), have some of the
highest percentages of agriculturally dominated lands (especially tile drained), and they
use the largest amount of nitrogen fertilizers (Kalita, et al., 2007). Although water
quality issues may seem dire still today, government agencies, independent researchers,
educators, and environmentalists have made numerous advancements and continue their
efforts to break-through on the water quality issue.
Best management practices (BMPs), government programs and incentives, and
modeling are the three main approaches dealing with water quality issues and agriculture
in the United States. BMPs are defined as conservation practices used in agriculture to
minimize negative effects and non-point pollution sources on water quality (Table 2.1)
(M. Arabi, et al., 2008). While many BMPs exist, the two main practices focused upon
are filter or buffer strips and conservation tillage because of their mainstream usage in
northeastern Indiana (NRCS, 2007; Smith & Huang, 2010).
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Table 2.1. BMPs and Their Descriptions (NRCS, 2000; Hobbs, 2007; Frimpong,
2007; Delgado, 2008; Qiu, 2009; Hively, 2009)
BMP
conservation crop rotation

cover crop
field border
riparian herbaceous cover

riparian forest cover
filter or buffer strip

seasonal residue management

Description
rotating the crops annually or using two
different crop types for different soil types
within one field
generally wheat, barley, or rye are used
because of ability to be grown in winter
established permanent vegetation around a
field
grow grass-like plants that tolerate
saturated soils or flooding between the
field and water source
primarily trees or shrubs located between
the field and water source
grass-like plants that are placed between
the field and water source, drainage
ditches, or surface tile drains
conservation tillage

The presence of filter or buffer strips provide the ability to trap and degrade
pesticide and nutrient runoff before they reach a surface water source; also, they offer
habitat improvement for wildlife and bank stabilization (Frimpong, et al., 2007; NRCS,
2000). Even small, strategically placed buffers offer protection to surrounding surface
water (Strock, Kleinman, King, & Delgado, 2010). Effectiveness of reducing pesticide
losses depends on three main characteristics: 1) the properties of that certain pesticide, 2)
design and maintenance of the buffer strip, and 3) the local climate, weather, and soil
conditions. Pesticides and phosphorus fertilizers (phosphates) primarily adsorb (degree
of soil binding) to soil particles, which mean the pesticide is held on the surface of a soil
particle. Adsorption is measured as the binding coefficient (K) and the binding
coefficient of organic carbon (KOC) is the measure of adsorption to the organic matter or
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carbon content of the soil. Figure 2.1 shows the positive relationship between KOC and
the amount of pesticide (in a sense, phosphates as well) that is trapped in filter strips.

Figure 2.1. Relationship between binding coefficient and amount of pesticide
trapped in buffer (adopted from NRCS, 2000).
In contrast to pesticides and phosphates, nitrates (nitrogen fertilizers) are
predominantly water soluble, which indicates they will easily leach to the subsurface by
the movement of water through the soil and eventually move to surface water. If well
designed and maintained buffer strips are in place, the subsurface movement of nitrates
should be trapped by the root system, as the roots will slow the subsurface flow and
complete the biological breakdown of the excess nitrates. Studies conducted by the
USDA have shown that buffer strips are efficient at trapping agricultural runoff;
however, their efficacy is limited during and directly after large storm events. This
limitation is due to the fact that concentrated flow provides excessive sediment load,
which can change flow patterns, decrease water infiltration, and accumulate in the buffer
and eventually move to surface water. However, the positives definitely outweigh the
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negatives, because even with sedimentation in the buffers, the buffers still have the
ability to reduce losses to surface water if they are correctly designed because “all buffers
can provide some protection of water bodies if they are sited between treated fields and
water” (NRCS, 2000).
The three main buffer types used in Indiana include grassed waterways (located
within the field), field borders, and filter strips (both located at the edge of the field)
(NRCS, 2007; I. NRCS, 2007). Grassed waterways are “natural/constructed vegetated
channel that is shaped and graded to carry surface water at a nonerosive velocity to a
stable outlet” and are effective at trapping sediment and dissolved chemicals (NRCS,
2000). Field borders exist as “a band or strip of perennial vegetation established on the
edge of a cropland field” that physically separates the field from adjacent land uses.
Lastly, filter strips are “areas of grass or other permanent vegetation used to reduce
sediment, organics, nutrients, pesticides and other contaminants in runoff and to maintain
or improve water quality.” Filter strips are placed between crop fields and water bodies
to decrease concentrated flow into the water body and become even more useful when
used with other conservation practices (i.e. vegetative barriers, level spreaders, and water
bars) (NRCS, 2000). Maintenance of buffer strips is very important because it preserves
the effectiveness. Maintenance includes sediment removal, mowing, weed control, and
retaining the health by watching for degradation induced by herbicides (NRCS, 2000).
Conservation tillage is another practice of conservation agriculture used in
Indiana and throughout much of the United States to buffer agricultural runoff that
eventually reaches surface water and serves as key building block to agriculture
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sustainability (Delgado, 2010). As one of agriculture’s oldest practices, tilling is used to
allow proper seed depth for germination, aerate the soil (releases nutrients from the soil
to plants), incorporate inorganic and organic fertilizers in the soil by mixture, and to
alleviate some surface compaction problems. Conservation tillage includes three
different tilling practices: no-till or direct drilling (where seed is planted directly into crop
residue from last harvest), minimum-till (only tilling areas that heavily compacted or
need aerated), and ridge till (where crops are grown on a hill for purposes of irrigation)
(Hobbs, 2007). Generally farmers in Indiana will plant soybeans into corn residue
(Smith, et al., 2008). To be considered conservation tillage, a farmer must leave at least
30% of surface cover residue which reduces time and fuel use, increases the function of
earthworms and microorganisms in the soil and the efficiency of nitrogen fertilizers,
conserves more water in the soil, the structure of the soil, and the nutrients in the soil
(Delgado, 2010; Hobbs, 2007). Conservation tillage thereby reduces erosion through
decreased runoff and increased water infiltration (Delgado, 2010; NRCS, 2000; Qiu,
2009). Delgado (2010) stated, “crop residue has a critical role in sustainability,
maximized food production, and more generally, environmental conservation.” The
1930’s dustbowl was the result of over tillage and wind erosion, which served as a wakeup call to farmers to begin the use of conservation practices (Hobbs, 2007).
In the 1930s, the Soil Conservation Programs (SCP) existed as more of a relief
from the failing economy of the Great Depression than an actual combat against the
intense soil erosion occurring in the prairie states (Batie, 1985). Hugh Hammond
Bennett, the father of soil conservation, help found the Soil Erosion Service (SES) in
1933, which later turned into the Natural Resources Conservation Service in 1994
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(Helms, 2010; NRCS, 2010). The idea of not planting “soil depleting crops” began
around 1938. In 1985, this idea developed into a government program now known as the
Conservation Reserve Program (CRP). In the CRP, soil conservation payments are paid
to farmers to place farm acreage into grassland or new growth forest for a period of at
least ten years. Throughout the 1960s and 70s, an environmental movement activated a
major ideological shift for the general public that pressured the USDA and other
government agencies to make even more radical changes towards soil conservation.
With the 1977 passage of the soil and water Resources Conservation Act (RCA), the
USDA became accountable and had to start proving, through factual data, that the
conservation funds were being used resourcefully. The mid 1980s brought about even
more attention to the soil erosion problem that had persisted since the 1930s with the
Farm Bill passage. The 1985 Farm Bill began the true soil conservation revolution
through mandated increase in the usage of conservation tillage, decreased chemical use,
organic agriculture, wetland management, and water quality management (Batie, 1985).
The 1985 Farm Bill authorized the start of the CRP, where the government pays
farmers to plant permanent vegetation on highly erodible farmland. In 1990, another
Farm Bill passed that continued to develop the CRP, and developed two new programs
under it: Environmental Conservation Acreage Reserve Program (ECARP) and Wetlands
Reserve Program (WRP). Both of which the government pays incentives for the
installation of conservation practices (FSA, 2010). The following two Farm Bills, one in
1996 and the other in 2002, created and continued to develop the new incentives under
the CRP, as well as developing the Environmental Quality Incentives Program (EQIP) in
1996 and the Conservation Effects Assessment Program (CEAP) in 2002. EQIP is a
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voluntary program administered by the Natural Resources Conservation Service (NRCS).
The program pays cost-share incentive payments and offers technical assistance to
farmers who institute conservation practices. EQIP is used “to promote agricultural
production, forest management, and environmental quality as compatible goals and to
optimize environmental benefits” (Bailey & Merrigan, 2010). Federal funding for the
program began with $130 million in 1996 and is expected to increase to $1.75 billion by
2012. Currently, for 2011, the budget for EQIP is $1.2 billion, up 28 million from 2010
(USDA, 2010b). Such a large increase is due in part to ‘public appeal’ by supporting the
small to mid size farms. With public appeal comes public scrutiny and with continued
pressure, the USDA created CEAP in 2002 to test the efficacy of conservation practices
funded by the USDA conservation programs (not just for EQIP) (Bailey & Merrigan,
2010).
As a result of the 2002 Farm Bill, the CEAP is comprised of two components:
model the establishment of conservation practices and complete watershed assessment
after the placement of these conservation practices. The CEAP was originally a five year
USDA Agricultural Research Service (ARS) watershed assessment study encompassing
fourteen different watersheds throughout the United States, all selected for its own
regional issues with the environment and water quality. These issues include the loss of
nutrients, sediments, and pesticides to surface water (Heathman, Flanagan, Larose, &
Zuercher, 2008).
As conservation continues to progress, geospatial technologies are used to assist
farmers, researchers, and government officials to model the placement of BMPs.
According to Berry (1999), environmental management is a ‘spatial endeavor’ and
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geographic information systems (GIS) “provide the means for both efficient handling of
voluminous data and effective spatial analysis capabilities.” While establishing the
interdisciplinary science of environmental management, geographers and managers alike
came to agree that both vector data (e.g., property boundaries, roads, streams, buildings)
and raster data (e.g., soil cover, crop cover, forests, slope) are needed in the analysis
process. Computer based models, evolved along with the developing discipline, which
allowed for the display and combination of both qualitative and quantitative data. This
conglomeration of data used is a form of spatial statistics and spatial analysis. Berry
(1999) stated that spatial statistics, “describe the spatial variation in the data, rather than
assuming typical response is everywhere.” Researchers have transformed computer
models from descriptive only to predictive to optimization. For example, precision
farming uses optimization modeling to investigate the spatial relationships between crop
yield and soil nutrients. In return, final maps display where farmers should be using
more or less fertilizers throughout a field. The effects in the real world include less use
of fertilizer which results in less fertilizer losses to surface water, eventually improving
water quality. Spatial analysis “uses sequential processing of spatial operators to perform
complex map analyses”(Berry, 1999). Berry et al. (2005) described spatial analysis
operations as the link between site-specific management actions, site-specific
conservation practices, and off-site conservation practices. A very basic example
includes using slope to determine high-risk areas of erosion, since water will choose the
steepest path downhill a manager would manage the steepest slopes with buffer strips to
decrease off-site transport of nutrients, pesticides, and sediments (Berry, 1999; Berry,
Delgado, Pierce, & Khosla, 2005).
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Barlage and his colleagues (2002) studied how land use changes affect water
quality in southeast Michigan. The land use changes in Michigan are much like Indiana,
where settlers cleared and developed forests and swamps into agriculture and urban use.
Obviously, this would lead to problems of erosion, runoff, and nutrient depletion
throughout the soil. The culmination of all the problems leads to an influx of the
nutrients, pesticides, and sediment load of surface waters. Degradation of surface waters
leads to the decrease of recreational use, aquatic habitat, water quality, and can even
affect the regional climate and precipitation patterns. Barlage used
Vegetation/Ecosystem Mapping and Analysis Project (VEMAP) and BiosphereAtmosphere Transfer Scheme with Hydrological Component (BATS/HYDRO) to model
the effects of land cover/land use change on water quality. VEMAP analyzes land use
changes (input) to determine climate (output), while BATS/HYDRO uses VEMAP
outputs and other hydrological processes to determine runoff in the region. They
concluded that “future changes in land use and climate will likely affect the
characteristics and magnitude of surface runoff” (Barlage, et al., 2002).
Miller and his colleagues (2002) used the KINEmatic Runoff and EROSion
model (KINEROS) to examine how stream water quality changes (due to erosion and
sediment discharge) are directly linked to land uses in two separate watersheds in
Arizona and New York. Qiu (2009) used the topographic index, incorporated it into the
Variable Source Loading Function (VLSF) model, and then administered a costeffectiveness assessment to find best placement and cost effectiveness of conservation
buffers in New Jersey. Another study used an erosion model with an orthogonal grid
network that identifies soil erosion not only by raindrop impact, but leaf drip impact,
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overland flow, and transport by overland and channel flow. They claimed that although
most models leave out channel flow, it is very important, because it is a concentrated
flow that is a major source of ‘high delivery ratios’ (Wang, et al., 2010). Hively et al.
(2009) used satellite imagery to assess the use of cover crops in the Choptank River
watershed, Maryland. Using a vegetation index, known as the Normalized Difference
Vegetation Index (NDVI), they studied the biomass yield, nitrogen status, chlorophyll
content, and photosynthetic capacity of winter wheat, which is often used as a cover crop.
Findings from the study showed that the use of winter cover crop is successful at
reducing the potential of nitrogen leaching to groundwater and the subsurface, along with
numerous other benefits. Renschler and Lee (2005) combined three different models:
Water Erosion Prediction Project (WEPP), Geospatial interface for WEPP (GeoWEPP),
and Soil and Water Assessment Tool (SWAT) to study the effect of BMPs across spatial
and temporal scales in order to find the long-term effects of BMPs on runoff at the
subwatershed and watershed level. They found that “BMPs can be effective methods to
prevent water quality degradation” (Renschler & Lee, 2005).
Heathman et al. (2008) conducted a comparative study between SWAT and
Annualized Agriculture Non-Point Source (AnnAGNPS) model; both are used in the
studies for the CEAP. AnnAGNPS “is a continuous simulation, grid-based, batchprocess computer program where runoff, sediment, nutrients, and pesticides are routed
from their origins in upland grid cells through a channel network to the outlet of the
watershed,” while SWAT “is a river basin-scale model that allows the user to divide a
watershed into any number of subbasins” (Heathman, et al., 2008). SWAT has even been
used internationally to assess stream flow, sediment yields, and nutrient transport
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(Heathman, et al., 2008). Arabi, et al. (2008) conducted their study on the Smith Fry
watershed in Indiana using SWAT They discovered that SWAT could be used to assess
watershed health throughout many geographically differing areas. SWAT offers the
greatest number of alternatives for modeling agriculturally dominated watersheds and has
the ability to model “several agriculture practices including changes to fertilizer and
pesticide application, tillage operations, crop rotation, dams, wetlands, and ponds”(M.
Arabi, et al., 2008).
The SWAT model is a user-friendly model that operates on a daily basis and takes
into account more climatic factors on surface water resources than other models offered
today (Mazdak Arabi, 2005; M. Arabi, et al., 2008; Heathman, et al., 2009). While the
SWAT model does need to be validated and calibrated, the higher the spatial resolution,
quality, and structure of inputs allows for more accurate outputs (Mazdak Arabi, 2005;
Heathman, et al., 2009). SWAT allows routing of non-point source sediments,
chemicals, and nutrients through streams and reservoirs as well as point source data. It
divides the watershed into subunits, called hydrologic response units (HRUs), that are
portions of subbasins with unique land cover/land use, management, soil attributes, and
topography. To determine runoff for an HRU, SWAT uses either a modification of the
Soil Conservation Service (SCS) curve number or the Green and Ampt infiltration
method (soil attributes) (Mazdak Arabi, 2005; Heathman, et al., 2009). Erosion and
sediment yield are estimated for an HRU as well, because “sediment deposition and
channel degradation are the two dominant channel processes that affect sediment yield at
the outlet of the watershed” (Mazdak Arabi, 2005). SWAT is one of the only models to
offer as many management practices as it does (Mazdak Arabi, 2005; M. Arabi, et al.,
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2008). The main inputs of SWAT include weather, surface runoff, return flow,
percolation, evapotranspiration, transmission losses, pond and reservoir storage, crop
growth and irrigation, groundwater flow, reach routing, nutrient and pesticide loads, and
water transfer can also input known nutrient/pesticide/erosion data (Mazdak Arabi, 2005;
Bracmort, Arabi, Frankenberger, Engel, & Arnold, 2006; Heathman, et al., 2009). After
including input levels of nutrients and pesticides, SWAT determines how they move and
transform through soil and surface runoff. SWAT’s full detail of inputs is in the
Input/Output guide (S. L. Neitsch, Arnold, J.G., Kiniry, J.R., Srinivasan, R., and
Williams, J.R., 2009). Since SWAT offers such a wide array of inputs, the outputs are
quite detailed as well, because it models variability throughout the watershed via the
HRUs. It is capable of representing multiple BMPs at the watershed scale. SWAT is
better suited for long term simulations, and its “performance has been extensively
validated for stream flow, and sediment and nutrients yield predictions for different
regions of the United States” (Mazdak Arabi, 2005).
Many studies in Indiana have used SWAT (Mazdak Arabi, 2005; M. Arabi, et al.,
2008; Bracmort, et al., 2006; Heathman, et al., 2008; Larose, Heathman, Norton, &
Engel, 2007). Heathman (2009) completed a study on the St. Joseph River basin via the
Cedar Creek Watershed that consisted of determining how different combinations of Soil
Survey Geographic (SSURGO), State Soil Geographic (STATSGO), National
Agricultural Statistics Service (NASS), and national Gap Analysis Project (GAP) affects
SWAT output, when not calibrated. They found that SWAT “shows the most variation in
stream flow estimates using different land use data sets” (Heathman, et al., 2009). NASS
provided the best results from SWAT for stream flow and soil datasets did not have a

22

significant effect (Heathman, et al., 2008). Another study using SWAT analyzed the long
term effects of BMPs using the Black Creek Watershed (because of availability of data
from the 1970s to present) and found that the older BMPs still reduced nutrient flow to
surface water, but not as effectively as newer ones in good condition(Bracmort, et al.,
2006). Arabi and colleagues (2008) provided a procedure to represent and evaluate water
quality after implementation of BMPs. They used the Smith-Fry watershed (a small
agriculturally dominated watershed) and found that following their specific methods, that
SWAT provided the expected results of decreased agricultural runoff to surface water
after BMP implementation (M. Arabi, et al., 2008). Some other studies conducted in
northeastern Indiana used stream monitoring and statistics to quantify sediment,
pesticide, and nutrient amounts for water quality analysis in the areas of highest
agricultural land use (Naz, Ale, & Bowling, 2009; Smith, et al., 2005; Smith, et al.,
2008). Smith et al. (2005; 2008) studied the effects of both nitrogen and phosphorus
amounts in runoff water and how BMPs need to be placed around ‘pothole’ ditches, not
just at the borders between fields and surface waters. Frimpong and colleagues (2007)
conducted a cost analysis of riparian area (vegetated area directly adjacent to streams and
rivers) buffer placement in the Upper Wabash River Basin, Indiana. They found that land
price is lower in floodplains than off-floodplains, therefore, riparian land cost will
decrease as the stream order increases, since larger streams and rivers (higher stream
orders) have a larger risk for flooding (Frimpong, et al., 2007).
Since the Salamonie watershed is dominated by agriculture and has several miles
of impaired streams, it is a perfect fit for more analysis. An impaired stream can contain
any of the following: “excessive amounts of sediments, nutrients, and bacteria that
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degrade the water quality causing an unbalanced fish community with depressed
populations and limited diversity”(NRCS, 2007). At the outlet of the Salamonie
watershed is the Salamonie Reservoir, which is used recreationally by many people. The
reservoir suffers each summer from algal blooms, which creates an unpleasant odor,
decreased aesthetics for the nearby state park, and decreased use by fisherman and
recreational boaters alike. The significance of this study is the fact that a study has never
been completed on this watershed before. Also, the watershed is unique because it is
almost completely dominated by agriculture (76%), very little urban (9%), and a
reservoir; therefore, the study can focus on the effects of agriculture on surface water
quality. For example, the BMP implementation methods in SWAT that worked for Arabi
(2008) can be used to study effectiveness of BMPs on the Salamonie watershed and
compared to see if they have the same effects in the Salamonie watershed as the Smith
Fry watershed. The quality of the input data has been studied and discussed before, but
studies on the effects of the amount (daily precipitation and temperature, in years) of
weather data on streamflow prediction are very limited. Since streamflow is an important
calibration factor, the effects could prove significant.
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3. METHODS

Three main steps were taken in this study: 1) SWAT model calibration and
validation, 2) Comparison of SWAT predicted streamflow from the use of both the
original downloaded weather data (daily precipitation and temperature) record of 8 years
and the Agricultural Research Service’s (ARS) downloaded weather data (daily
precipitation and temperature) record of 34 years, and 3) SWAT simulations for future
BMP implementation.
3.1. Study Area
The research area in this study encompasses the Salamonie watershed (HUC08
05120102) in Northeast Indiana (Figure 3.1.1). The watershed covers parts of six
counties (Blackford, Grant, Huntington, Jay, Wabash, and Wells) and an area of 1,428
km2 (352,900 acres). The main river of the Salamonie watershed is the Salamonie River
that begins along the Ohio-Indiana border in Jay County and runs for 101 km (60 mi)
before flowing in the Wabash River, just upstream from Wabash, Indiana. It is an
agriculturally dominated watershed with 66% of the land cover in row crops; followed by
13% forest, 10% pasture/hay, 9% urban/residential/transportation roads, and 2%
comprising of water/wetlands. The soils in the Salamonie watershed include well drained
to very poorly drained clays and clay loams. The poorly drained soils require that the
area be extensively drained through use of tiles for agriculture. The dominant crops

include corn and soybeans with some winter wheat and alfalfa, which require
conventional tillage and chemical (pesticide/nutrient) treatment for optimal growth.

Figure 3.1.1. Study Area Map of Salamonie Watershed
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3.2. SWAT Input
The SWAT model requires ample user knowledge of the watershed being studied.
The National Elevation Dataset (NED) with a 30 m resolution (from USGS in 2005) was
used for delineating the watershed, along with a stream shapefile to help determine
direction of flow and watershed outlet (USGS, 2011). The highest point in the watershed
is 381.5 m and the lowest point is 172.4 m, giving a median elevation of 277 m above sea
level. After the watershed delineation is complete, hydrologic response units (HRUs)
were created to divide the watershed by dominate land uses/soils/slope. An HRU is
simply a further subdivision of the subbasins that consists of unique land
use/management/soil characteristics (Arabi, 2008). In HRU analysis, the National Land
Cover Database 2001 (NLCD 2001) over the watershed (Figure 3.2.1) and the USDA
NRCS State Soil Geographic Database (STATSGO) were used. STATSGO was chosen
over SSURGO because through Heathman’s (Heathman, et al., 2009) study found that
soil data did not significantly impact the output data for SWAT. STATSGO divides the
watershed into 8 different soil types (Table 3.2.1). To ensure accurate climatic
conditions, daily precipitation and temperature readings were downloaded from the
National Climatic Data Center’s (NDCD) surrounding weather stations for the years of
1995 to 2003 (Table 3.2.2 and Figure 3.2.2). SWAT’s inability to predict streamflow
accurately with such a short time period (discussed in further detail later) led to the
download of complete daily precipitation and temperature data from the Agricultural
Research Service (ARS) website. The ARS daily precipitation and temperature data was
already formatted for SWAT use and included readings from the years of 1950 to 2010
(Service, 2011). Streamflow gauges from the USGS (Table 3.2.3 and Figure 3.2.2) and
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water quality samples from EPA STORET sampling sites (Table 3.2.4 and Figure 3.2.2)
were used in the calibration/validation of the model outputs. A complete table of the

Figure 3.2.1. National Land Cover Database 2001 over the Salamonie Watershed

datasets used for the study is shown in Table 3.2.5.
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Figure 3.2.2. USGS Streamflow Gauges, EPA STORET Sampling Sites, and NCDC Weather Stations
used in SWAT Analysis

Table 3.2.1. STATSGO Soil Map Units by Area and Percentage
in the Salamonie Watershed
MUID

Area (ha)

Percentage

IN004

56472.22

40.03

IN005
IN027
IN029
IN032
IN047
IN053
INW

78064.78
568.25
2989.77
854.18
230.85
381.69
1527.18

55.33
0.40
2.12
0.61
0.16
0.27
1.08

Table 3.2.2. Weather Stations Located in and around the Salamonie Watershed
ID

NAME

X (UTM)

Y (UTM)

ELEVATION
(m)

120830

BLUFFTON 1 N

654213.54

4512363.52

251

123777

HARTFORD CITY 4
ESE

645107.57

4477506.86

287

127069

PORTLAND 1 SW

670317.04

4476032.26

277

129138

WABASH

599489.44

4515775.09

222

124181

HUNTINGT ON

626593.27

4523808.15

221

125337

MARION 2 N

613527.55

4492999.35

241

30

Table 3.2.3. USGS Streamflow Gauges Located within the Salamonie Watershed
Gauge
No.

Location

Time Period

03324300

Salamonie River near
Warren, IN

3/1/1957 2/25/2011

630613.10 4507993.46

03324500

Salamonie River at Dora,
IN

4/1/1924 2/10/2003

611038.56 4518647.76

X (UTM)

Y (UTM)

Table 3.2.4. EPA STORET Sampling Sites Located within the Salamonie Watershed
EPA STORET No.

Time Period

X (UTM)

Y (UTM)

WSA010-0002

01/08/1991 - 11/16/2005

667047.90

4476416.64

WSA020-0002

07/28/1998 - 12/07/2005

647176.28

4490634.58

WSA040-0001

01/10/1991 - 12/28/2005

608652.94

4519866.18

WSA040-0005

01/10/1991 - 12/07/2005

625901.71

4511105.66
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Table 3.2.5. Datasets Used and Sources of the Datasets used for Analysis in the
SWAT model from the Salamonie Watershed
Name
NED
NLCD 2001
STATSGO

Description
National Elevation
dataset at 30 m
resolution
National Land
Cover Database
USDA NRCS State
Soil Geographic
Database

Use

Source

Watershed
Delineation

http://ned.usgs.gov/

HRU Analysis

http://www.epa.gov/mrlc/
nlcd-2001.html

HRU Analysis

http://soils.usda.gov/surve
y/geography/statsgo/

NCDC Weather
Stations

Temperature and
Precipitation data
from 1995 - 2003

Accurate
Climatic
Conditions

http://gis.ncdc.noaa.gov/m
ap/monthly/?extent=9686405.972183373:4837
393.77203728:9373319.904327441:5053
557.688027655&srid=102
100&msg=no#

NCDC Weather
Stations

Temperature and
Precipitation data
from 1950 - 2010

Accurate
Climatic
Conditions

http://ars.usda.gov/Resear
ch/docs.htm?docid=19437

USGS
Streamflow Data

Streamflow (m3/s)
from 1975-2003

Subbasin
Delineation/
Calibration

http://waterdata.usgs.gov/

EPA STORET
Sampling Data

Water Quality
Samples
Outline of
watershed
Shapefile of
streams in
watershed

salamonie.shp
sal_stream.shp

Watershed
Delineation

http://www.epa.gov/storet
/dw_home.html
http://inmap.indiana.edu/v
iewer.htm

Watershed
Delineation

http://inmap.indiana.edu/v
iewer.htm

Calibration
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3.3. SWAT Setup
The complete directions for running the SWAT model can be found in (Winchell,
2010). The initial baseline run of SWAT followed methods used by Arabi (2008), who
studied BMP effectiveness of the Smith-Fry watershed, located in Indiana, northeast of
the Salamonie watershed. According to Arabi (2008), it is one of the only studies to
focus on certain methods for BMPs using the SWAT model. The Smith-Fry watershed
uses many similar tillage, management, and conservation practices in agriculture to those
in the Salamonie watershed. Availability of streamflow of one USGS gauge halted in
January of 2003; therefore, all agricultural practices are based on the 2001-2002 National
Agricultural Statistics Service (NASS) reports.
Through the use of HRU analysis in the model, the land use, soil classes, and
slope are defined for the entire watershed. Identification of major areas of crop/common
management practices aided in further characterization of the agriculture land use,
abbreviated AGGR in SWAT land use. Through the use of the NASS reports from 2001
to 2003 for Huntington and Jay counties (main counties in watershed area), AGGR was
further categorized into 39% corn, 58% soybean, and 3% winter wheat. HRU analysis
was manipulated to show only the main land uses and dominate soil classes of the
watershed. After reading through other studies (Heathman, et al., 2008; Quansah, 2007),
and comparing the final HRU reports to actual distribution, a 5% threshold was used for
both land use and soil classes when computing HRU distribution. This final threshold
still encompassed main land use characteristics and key soil classes, resulting in a small
change of land use over the entire watershed. Tillage dates and types, planting dates,

33

chemical application dates and management, as well as harvest dates were kept the same
throughout the entire watershed. Tables 3.3.1, 3.3.2, and 3.3.3 illustrate the dates and
practices used for corn, soybean, and winter wheat respectively. The USDA
planting/harvesting dates report (USDA, 1997) and NASS reports from 2000-2003 were
used to determine the approximate planting and harvesting dates. Al Davis from Crop
Production Services gave general pesticide and nutrient application/usage for study area,
and NASS reports were used as confirmation (Davis, 2010; USDA, 2010a). The NRCS
rapid watershed assessment report elucidated that conservation tillage/no-till/mulch till is
only implemented on about half of the acreage in the watershed, therefore no-till was
exercised for soybean acreage and field cultivator tillage was utilized for corn acreage in
this study (NRCS, 2007). According to Quansah (2007) in a different NE Indiana
watershed, tile drainage was defined at a depth of 800 mm, TDRAIN (time to drain soil
to field capacity) was set to 48 hours, and GDRAIN (time until water enters the channel
network after entering tiles) was established as 2 hours. Unfortunately, this proved
ineffective for significant tile runoff, so Srinivasan’s (2010) suggestion of 1000 mm
depth, TDRAIN of 72 hours, and GDRAIN of 48 hours was then used. For the first
calibration run, all other inputs of the SWAT model were left at the default setting. To
ensure that proper initialization of input parameters occur, SWAT should be ‘warmed-up’
for a period of three to five years, depending on amount of weather data (Quansah, 2007).
Therefore, the warm-up period for this study was set for five years from 1970 to 1974.
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Table 3.3.1. CORN.mgt Practices Used for the Baseline Run in SWAT
Year

Month

Day

Operation

1

5

1

Tillage- Field Cultivator

1

5

1

1

5

8

Fertilizer Application- Anhydrous
Ammonia (180 kg/ha)
Plant

1

5

12

Pesticide Application- Atrazine (1.5 kg/ha)

1

10

17

Harvest

Table 3.3.2. SOYB.mgt Practices Used for the Baseline Run in SWAT
Year

Month

Day

Operation

1

5

20

Plant

1

5

25

1

10

15

Pesticide Application- Round-Up
(1.22 kg/ha)
Harvest

Table 3.3.3. WWHT.mgt Practices Used for the Baseline Run in SWAT
Year

Month

Day

Operation

1

4

20

1

7

1

Fertilizer Application- Anhydrous
Ammonia (180 kg/ha)
Harvest

1

10

18

Plant
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3.4. Calibration/Validation
Calibration is conducted and assessed before the model can be used to accurately
predict desired outputs. Generally streamflow calibration occurs first, to ensure that the
model is accurately calculating surface runoff and baseflow infiltration to either
groundwater aquifers or surface waters, then calibration of sediments occurs next,
followed by nutrients (in the case of this study). Unfortunately insufficient data is
available for the watershed in order for the sediments and nutrients to be calibrated,
which is discussed later. Calibration is assessed through the analysis of R2 (coefficient of
determination) and R2N-S (Nash-Sutcliffe coefficient). Coefficient of determination (R2)
expresses the strength of a regression relationship and is the square of the Pearson’s
correlation coefficient (Mazdak Arabi, 2005). R-squared in the case of streamflow
modeling is viewed as the variability and correlation between the predicted and measured
data, as seen in Equation 3.4.1.
∑
∑

∑

Where Pi and Oi are the predicted and observed data points, respectively; and

Eq. 3.4.1.

and Ō are

the means of predicted and observed data points, respectively. R-squared values range
between zero and one (0 < R2 <1) with one equaling perfect correlation and zero meaning
no correlation exists. R2 values can be sensitive to outliers, which creates a bias for
extreme streamflow values. Therefore, the Nash-Sutcliffe coefficient is a better fit for
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use in hydrologic studies as a fit test between the hydrological observed and simulated
data, calculated using equation 3.4.2.
∑

Eq. 3.4.2.

∑

R2N-S values range between -∞ and 1 (-∞ < R2N-S < 1), with an R2N-S value of 1 meaning
perfect prediction of streamflow value and a R2N-S value of -∞ to 0 is considered
“unacceptable” model prediction (Mazdak Arabi, 2005).
In this study, calibration was conducted manually and on a monthly timestamp.
The USGS gauge (USGS 03324300) furthest upstream was calibrated first, followed by
the gauge closest to the outflow of the watershed, USGS 03324500. Every study is
conducted differently, some with long calibration periods and a short validation period,
others with an evenly split calibration and validation period. Therefore, in this study,
calibration and validation were run twice, once with a calibration period with the years of
1975 to 1999 and validation for 2000 – 2003; the other with a calibration period with the
years of 1975-1990 and a validation period lasting from 1991 to 2003. The manual
calibration process includes manipulating a SWAT default input parameter, re-running
SWAT, analyzing output data, and making appropriate adjustments. Dr. Raghavan
Srinivasan, one of the creators of the SWAT model, and the SWAT 2000 Manual were
used as aids in the calibration process (S. L. Neitsch, Arnold, J.G., Kiniry, J.R.,Williams,
J.R., and King, K.W., 2002; Raghavan Srinivasan, 2010). Once R2 and R2N-S values were
acceptable (for most cases >0.5) for calibration, validation was completed for streamflow.
Validation is completed after calibration to ensure that the model is accurately predicting

37

streamflow.

Validation is assessed the same way as calibration, through analyzing

hydrographs, R2, and R2N-S.
3.5. Effects of Weather Data
The weather data inputted for SWAT is very important because other variables
are determined through their values. Air temperature data is used to calculate both soil
temperature and water temperature. The SWAT Theoretical Documentation (2002) fully
explains the complex process used to determine soil and water temperatures through
minimum and maximum daily temperature. Daily precipitation values greatly improve
SWAT’s ability to “reproduce an observed stream’s hydrograph” (S. L. Neitsch, Arnold,
J.G., Kiniry, J.R.,Williams, J.R., and King, K.W., 2002). Precipitation data controls the
water balance, because precipitation is the “mechanism by which water enters the land
phase of the hydrological cycle” (Bhuyan, Marzen, Koelliker, Harrington, & Barnes,
2002; S. L. Neitsch, Arnold, J.G., Kiniry, J.R.,Williams, J.R., and King, K.W., 2002).
One of the study’s objectives is to show the effect of accumulated weather data on
SWAT streamflow outputs. While the SWAT database offers weather data for 1,041
weather stations, usually these weather stations do not fall within close proximity to the
watershed being studied. As was the case for the Salamonie watershed, therefore an
additional six NCDC weather stations were used to aid in calibration of SWAT predicted
streamflow. The first dataset from the NCDC weather stations includes an 8 year period
(1995 to 2003) of daily precipitation and air temperature recordings. The second dataset
used includes the precipitation and air temperature data provided by the ARS for a much
longer time period (1950 to 2010) for the same NCDC weather stations. The same
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SWAT setup, discussed earlier, was used for both baseline and calibration runs and
assessed through the hydrographs, R2, and R2N-S values.
3.6. Future BMP Practices
The other objective of the study involves BMPs and their effects on sediment and
nutrient runoff. The NRCS within their Rapid Watershed Assessments produce a
worksheet that provides information on current acreage of BMPs and hopeful future
acreage of BMPs. Eventually, the NRCS would like to see every acre include some form
of conservation tillage and crop rotation and around 40,000 acres of buffer strips
(includes grassed waterways as well) (I. NRCS, 2007). Therefore, this study manipulated
the SWAT model input parameters to include increased acreage of conservation tillage
and crop rotation through the CORN.mgt and SOYB.mgt files (Tables 3.6.1 and 3.6.2).
SWAT provides a default operation (.ops) input file to account for the implementation of
grassed waterways and filter strips, which were implemented on January 1, 2000.
Therefore, the validation period (2000-2003) was used to assess BMP implementation.
The January 1, 2000 implementation allows for already calibrated and validated data to
be compared with the data that would result if these BMPs are put into practice. The first
run implemented crop rotation, where the SOYB.mgt and CORN.mgt input parameters
were altered. The crop rotation .MGT practices are seen in Tables 3.6.1 and 3.6.2. The
second run applied crop rotation and conservation tillage as seen in the Tables 3.6.3 and
3.6.4, where crop rotation .MGT files were manipulated to include a generic conservation
tillage default instead of field cultivation. Finally, the last SWAT run for BMP
implementation included crop rotation, conservation tillage, and grassed waterways and
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filter strips. Grassed waterways and filter strips were executed in SWAT through the .ops
input configuration file, both of which used the SWAT model defaults over the entire
watershed. The results from the before BMP implementation SWAT run were compared
to the results from the after BMP implementation run through percent change (equation
3.6.1).
100

%

Eq. 3.6.1.

Where output A is the before BMP implementation result and output B includes each of
the BMP implementation results, respectively.
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Table 3.6.1. CORN.mgt practices with Crop Rotation
Year

Month

Day

Operation

1

5

1

Tillage- Field Cultivator

1

5

1

Fertilizer Application- Anhydrous
Ammonia (180 kg/ha)

1

5

8

Plant

1

5

12

1

10

17

Pesticide Application- Atrazine (1.5
kg/ha)
Harvest

2

5

20

Plant

2

5

25

2

10

15

Pesticide Application- Round-Up (1.22
kg/ha)
Harvest

Table 3.6.2. SOYB.mgt practices with Crop Rotation
Year

Month

Day

Operation

1

5

20

1

5

25

1

10

15

Pesticide Application- Round-Up (1.22
kg/ha)
Harvest

2

5

1

Tillage- Field Cultivator

2

5

1

2

5

8

Fertilizer Application- Anhydrous Ammonia
(180 kg/ha)
Plant

2

5

12

Pesticide Application- Atrazine (1.5 kg/ha)

2

10

17

Harvest

Plant
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Table 3.6.3. CORN.mgt practices with Crop Rotation and
Conservation Tillage
Year

Month

Day

Operation

1

5

1

Tillage- Generic Conservation Tillage

1

5

1

Fertilizer Application- Anhydrous
Ammonia (180 kg/ha)

1

5

8

Plant

1

5

12

1

10

17

Pesticide Application- Atrazine (1.5
kg/ha)
Harvest

2

5

20

Plant

2

5

25

2

10

15

Pesticide Application- Round-Up (1.22
kg/ha)
Harvest

Table 3.6.4. SOYB.mgt practices with Crop Rotation and
Conservation Tillage
Year

Month

Day

Operation

1

5

20

Plant

1

5

25

1

10

15

Pesticide Application- Round-Up (1.22
kg/ha)
Harvest

2

5

1

Tillage- Generic Conservation Tillage

2

5

1

2

5

8

Fertilizer Application- Anhydrous Ammonia
(180 kg/ha)
Plant

2

5

12

Pesticide Application- Atrazine (1.5 kg/ha)

2

10

17

Harvest
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4. RESULTS/CONCLUSIONS

4.1. Calibration
Through the extensive help from Dr. Raghavan Srinivasan (2010), reading of
other related studies (Mazdak Arabi, 2005; M. Arabi, et al., 2008; Quansah, 2007) and
the SWAT 2000 (S. L. Neitsch, Arnold, J.G., Kiniry, J.R.,Williams, J.R., and King,
K.W., 2002) Manual (section on Calibration Techniques), calibration was completed
through the manipulation of multiple input features into SWAT (Table 4.1.1). A
sensitivity analysis was not conducted as a result of some problems, but after extensive emailing with Dr. Srinivasan (Raghavan Srinivasan, 2010), it was decided the most
sensitive input parameter for SWAT is CN2 (SCS Curve Number). A further discussion
of the calibration adjustments and problems incurred can be found in the discussion
section.

Table 4.1.1. Adjustments to SWAT input during Calibration

Sensitivity
Parameters

CN2

Description

SCS Curve Number

Default
SWAT

Final
Value
Used

SWAT
File

Varies by
HRU

Reduced
by 10%
and
adjusted
for Slope

.MGT

USLE equation support practice
factor
Daily Potential Evapotranspiration
Value Calculation

1

0.3

.MGT

Penman/
Monteith

PriestlyTaylor

.BSN

SFTMP

Snowfall Temperature (°C)

1

1.5 C

.BSN

SMTMP

Snow Melt Base Temperature (°C)

0.5

2

.BSN

SMFMN

Melt Factor for Snow on December
21 (mm H2O/°C-day)

4.5

2.5

.BSN

TIMP

Snow Pack Lag Factor

1

0.8

.BSN

ESCO

Soil Evaporation Compensation
Factor

0.95

0.9

.BSN

FFCB

Initial Soil Water Storage

0

0.9

.BSN

SHALLST

Initial Depth of Water in Shallow
Aquifer (mm)

0

100

.GW

GW_DELAY

Groundwater Delay Time (days)

30

15

.GW

REVAPMN

Threshold Depth of Water in
Shallow Aquifer for "Revap" or
percolation to the deep aquifer to
occur (mm H2O)

1

150

.GW

GW_REVAP

Groundwater "Revap" Coefficient

0.02

0.2

.GW

ALPHA_BF

Baseflow Alpha Factor (days)

0.03

0.3

.GW

GWQMN

Threshold Depth of Water in
Shallow Aquifer Required for
return flow to occur (mmH2O)

0

10

.GW

USLE_P
PET Method
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A monthly time step for the years from 1975 to 1999 was used for calibration. Rsquared values of 0.402 for USGS 03324300 and 0.093 for USGS 03324500 show a
weak, yet positive relationship between observed and SWAT predicted values of
streamflow. Nash-Sutcliffe coefficient values of 0.355 elucidate that SWAT is somewhat
accurately predicting streamflow for USGS 03324300 and -0.179 for USGS 03324500
prove SWAT did not acceptably predict streamflow values. Then calibration was
completed through a monthly time step for the years of 1975 to 1990. The results from
each calibration period are not that much different from each other. R-squared values of
0.343 for USGS 03324300 and 0.047 for USGS 03324500 show a weak, yet positive
relationship between observed and SWAT predicted values of streamflow. NashSutcliffe coefficient values of 0.281 provide evidence that SWAT is somewhat accurately
predicting streamflow for USGS 03324300 and -0.322 for USGS 03324500 prove SWAT
did not acceptably predict streamflow values. Figures 4.1.1 – 4.1.8 show the hydrographs
and scatterplots and Table 4.1.2 presents the R2 and R2N-S values for the baseline runs in
SWAT.
Table 4.1.2. R2 and R2N-S Values for Monthly Streamflow for the Baseline
Run for both USGS Gauges 03324300 and 03324500
Calibration
Time Period

1975 ‐ 1999

1975 ‐ 1990

USGS Gauge

R2

R2N‐S

R2

R2N‐S

03324300
03324500

0.402
0.093

0.355
‐0.179

0.343
0.047

0.281
‐0.322
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Figure 4.1.1. Hydrograph of Monthly Streamflow for the Baseline Run at
USGS Gauge 03324300 (1975 – 1999)
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Figure 4.1.2. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for the Baseline Run at USGS Gauge 03324300 (1975 – 1999)
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Figure 4.1.3. Hydrograph of Monthly Streamflow for the Baseline Run at
USGS Gauge 03324500 (1975 – 1999)
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Figure 4.1.4. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for the Baseline Run at USGS Gauge 03324500 (1975 – 1999)
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Figure 4.1.5. Hydrograph of Monthly Streamflow for the Baseline Run at
USGS Gauge 03324300 (1975 – 1990)
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Figure 4.1.6. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for the Baseline Run at USGS Gauge 03324300 (1975 – 1990)
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Figure 4.1.7. Hydrograph of Monthly Streamflow for the Baseline Run at
USGS Gauge 03324500 (1975 – 1990)
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Figure 4.1.8. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for the Baseline Run at USGS Gauge 03324300 (1975 – 1990)
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After the sensitivity parameters were adjusted, the final R2 values for the
calibration period of 1975 – 1999 were 0.776 for USGS 03324300 indicates a strong
positive relationship and 0.313 for USGS 03324500 explains a weak positive relationship
between observed and SWAT predicted values of streamflow. R2N-S values of 0.481 for
USGS 03324300 proves good prediction of streamflow by SWAT and -0.109 for USGS
03324500 proves SWAT did not acceptably predict streamflow values. The final
calibration R2 values for the calibration period of 1975 – 1990 were 0.753for USGS
03324300 which describes a strong positive relationship and 0.225 for USGS 03324500
explains a weak, yet positive relationship between observed and SWAT predicted values
of streamflow. R2N-S values of 0.661 for USGS 03324300 proves good prediction of
streamflow by SWAT and -0.984 for USGS 03324500 proves SWAT did not acceptably
predict streamflow values. Again, the small difference between the R2 and R2N-S values
for both calibration periods provides an argument that the length of the calibration period
versus the validation period does not largely impact SWAT’s ability to predict
streamflow. The weak relationship between measure and predicted streamflow for USGS
gauge 03324500 is probably due to the fact that the reservoir and dam are just upstream
from this gauge affecting SWAT predicted values. Dams, especially those for flood
control, will affect downstream flow either by slowing streamflow on heavy rainfall days
or increasing streamflow on zero to low precipitation days. Figures 4.1.9 –4.1.16 show
the hydrographs and scatterplots and Table 4.1.3 displays the R2 and R2N-S values, which
illustrate the effectiveness of calibration on streamflow for the SWAT model.
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Quansah (2007) discussed multiple studies concluding similar R2 and R2N-S values
in the Northeast Indiana region for calibration. The hydrographs still show some
variations between peaks and troughs for streamflow, but could be due to the limitations
on input data into SWAT. Also, some studies discuss the variations in the size of the
watershed and the size of the subbasins can affect how well SWAT predicts streamflow.
Harmel, et al (2006) discusses “Cumulative Uncertainty in Measured Streamflow and
Water Quality Data for Small Watersheds,” and sums up that the uncertainty in measured
streamflow could range between 2 and 20% depending on the conditions and type of
gauge being used to determine streamflow. Therefore, the variations in troughs and
peaks could be caused by sampling error. Harmel and colleagues focus on quantifying
the effects on small watersheds (<10,000 ha), but state the error in the streamflow and
water quality data will still affect the difference in predicted and measured streamflows
for larger watersheds.

Table 4.1.3. R2 and R2N-S Values for Monthly Streamflow for Calibration for
both USGS Gauges 03324300 and 03324500
Calibration
Time Period

1975 ‐ 1999

1975 – 1990

USGS Gauge

R2

R2N‐S

R2

R2N‐S

03324300

0.776

0.481

0.753

0.661

03324500

0.313

‐0.109

0.225

‐0.984
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Figure 4.1.9. Hydrograph of Monthly Streamflow for Calibration at
USGS Gauge 03324300 (1975 – 1999)
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Figure 4.1.10. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for Calibration at USGS Gauge 03324300 (1975 – 1999)
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Figure 4.1.11. Hydrograph of Monthly Streamflow for Calibration at
USGS Gauge 03324500 (1975 – 1999)
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Figure 4.1.12. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for Calibration at USGS Gauge 03324500 (1975 – 1999)
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Figure 4.1.13. Hydrograph of Monthly Streamflow for Calibration at
USGS Gauge 03324300 (1975 – 1990)
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Figure 4.1.14. Scatterplot of Monthly Streamflow for Calibration at
USGS Gauge 03324300 (1975 – 1990)
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Figure 4.1.15. Hydrograph of Monthly Streamflow for Calibration at
USGS Gauge 03324500 (1975 – 1990)
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Figure 4.1.16. Scatterplot of Monthly Streamflow for Calibration at
USGS Gauge 03324500 (1975 – 1990)
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4.2. Validation
Validation was completed for the years from 2000 to 2003, to demonstrate the
effectiveness of the model after calibration was completed. Crop yield outputs were
examined as well, and Table 4.2.1 shows an average yield of all six counties in the
watershed area (from 2002) and the SWAT predicted yields. The SWAT predicted yield
for soybeans seems to be very low, which could be due to SWAT using STATSGO soils,
instead of the finer resolution SSURGO. The STATSGO soils have a larger resolution
and a smaller percentage is represented after HRU definitions, which could lead to a less
productive soil set representing that HRU (R. Srinivasan, Zhang, & Arnold, 2010). To
prove the accuracy of the model on predicted streamflow, a regression analysis was
conducted in Microsoft Excel. R-squared values for validation of the SWAT model for
USGS gauge 03324300 is 0.779 and for USGS gauge 03324500 is 0.420, both showing a
strong and moderately strong positive relationship between measured and SWAT
predicted streamflow. The R2N-S value for validation for USGS gauge 03324300 is 0.699,
exemplifying good predictive streamflow values from SWAT. For USGS gauge
03324500, the R2N-S value is -0.032, showing better predictability of SWAT on
streamflow values than pre-calibration. The R2 values for validation period of 1991 –
2003 of the SWAT model for USGS gauge 03324300 is 0.839 and for USGS gauge
03324500 is 0.406, both showing a strong and moderately strong positive relationship
between measured and SWAT predicted streamflow and are slightly higher than the
validation period of 2000 – 2003. The R2N-S value for validation period of 1991 – 2003
for USGS gauge 03324300 is 0.767, demonstrating good predictive streamflow values
from SWAT. For USGS gauge 03324500, the R2N-S value is -0.133, showing better
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predictability of SWAT on streamflow values than pre-calibration. Again, the R2N-S
value of gauge 03324500 is believed to be affected by the reservoir and dam located
upstream from the gauge. Table 4.2.2 exhibits the R2 and R2N-S values for validation of
the SWAT model. Figures 4.2.1 – 4.2.8 present the streamflow hydrographs and
scatterplots for validation of the SWAT model at both USGS gauges (03324300 and
03324500). The hydrographs represent the validated streamflow; a predicted value
generally follows the pattern of the measured streamflow, but generally under-predicts
the troughs. Therefore, it is believed that the flow to groundwater by means of water
transport to soil is underrepresented. Tile drainage of the fields and predominantly
poorly drained soils could be affecting this measurement.
Table 4.2.1. Average Crop Yields for Each County in 2002 and SWAT Predicted
Yields for the Salamonie Watershed
Huntington
County
Avg Yield
(bu/ac)

60
100

Jay
County
Avg
Yield
(bu/ac)
56
69

20.07

34

40

Crop

SWAT
Predicted
Yield
(bu/ac)

Wheat
Corn
Soy
Bean

55
91

Blackford Grant Wabash Wells
County
County County County
Avg
Avg
Avg
Avg Yield
Yield
Yield
Yield
(bu/ac)
(bu/ac) (bu/ac) (bu/ac)
NA
58
61
66
101
110
101
97
44

47

42

42

Table 4.2.2. R2 and R2N-S Values for Monthly Streamflow for Validation for
both USGS Gauges 03324300 and 03324500
Validation
Time Period

2000 – 2003

1991 – 2003

USGS Gauge

R2

R2N‐S

R2

R2N‐S

03324300

0.779

0.699

0.839

0.767

03324500

0.420

‐0.032

0.406

‐0.133
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Figure 4.2.1. Hydrograph of Monthly Streamflow for Validation at
USGS Gauge 03324300 (1975 – 1999)
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Figure 4.2.2. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for Validation at USGS Gauge 03324300 (1975 – 1999)
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Figure 4.2.3. Hydrograph of Monthly Streamflow for Validation at
USGS Gauge 03324500 (1975 – 1999)
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Figure 4.2.4. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for Validation at USGS Gauge 03324500 (1975 – 1999)

59

70

Streamflow (m3/s)

60
50
40
30
20
10

Date

Measured (m3/s)

Simulated (m3/s)

Figure 4.2.5. Hydrograph of Monthly Streamflow for Validation at
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Figure 4.2.6. Scatterplot of Monthly Streamflow for Validation at
USGS Gauge 03324300 (1991 – 2003)
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Figure 4.2.7. Hydrograph of Monthly Streamflow for Validation at
USGS Gauge 03324500 (1991 – 2003)
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Figure 4.2.8. Scatterplot of Monthly Streamflow for Validation at
USGS Gauge 03324500 (1991 – 2003)
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To reiterate the effect of precipitation on streamflow, the following two
hydrographs illustrate how months with large amounts of rainfall affect streamflow.
Precipitation is graphed along the y-axis, but it inverted, so inches of precipitation starts
at the top of the chart. Figure 4.2.9 illustrates USGS gauge 03324300 during the
validation year of 2003. July had a large amount of precipitation, which is demonstrated
by the increased streamflow. Figure 4.2.10 shows USGS gauge 0332500 during the
validation year of 2002. May, 2002 illustrates a high precipitation month, which is
exemplified through the streamflow that also increases. The point of the dam being
upstream and affecting predicted streamflow can also be reiterated through looking at the
variation between the peaks of measured and predicted streamflow when compared to the
precipitation for that month.
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The R2 values for streamflow validation were statistically analyzed for
significance of predictability of the SWAT model. Null and alternative hypotheses were
set up as follows:
H0: R2 = 0
HA: R2 0
Then, through Microsoft Excel, Regression Data Analysis was performed with degrees of
freedom equaling n – 1(where n is the number of datapoints) and a significance level of
0.05 was conducted. So, if a p-value (significance of f) is less than 0.05, the null
hypothesis can be rejected, and a p-value is greater than 0.05, the null hypothesis can be
accepted. Tables 4.2.3 and 4.2.5 show the bivariate regression analysis results for USGS
gauge 03324300. Tables 4.2.4 and 4.2.6 displays the bivariate regression analysis results
for USGS gauge 03324500.

Table 4.2.3. Bivariate Regression Analysis Results for R2 of Streamflow Validation
in SWAT for USGS Gauge 03324300 (2000 - 2003)
Df

SS

MS

F

Regression

1

4660.0303

4660.0303

162.3561

Residual

46

1320.3162

28.7025

Total

47

5980.3465

Significance
F
0.0000

Table 4.2.4. Bivariate Regression Analysis Results for R2 of Streamflow Validation
in SWAT for USGS Gauge 03324500 (2000 - 2003)
df
Regression

SS

MS

1

2848.8542

2848.8542

Residual

35

3937.5551

112.5016

Total

36

6786.4092

64

F
25.3228

Significance
F
0.0000

Table 4.2.5. Bivariate Regression Analysis Results for R2 of Streamflow Validation
in SWAT for USGS Gauge 03324300 (1991 – 2003)

Regression
Residual
Total

df

SS

MS

F

Significance
F

1
154
155

18229.5561
3488.9501
21718.5062

18229.5561
22.6555

804.6408

0.0000

Table 4.2.6. Bivariate Regression Analysis Results for R2 of Streamflow Validation
in SWAT for USGS Gauge 03324500 (1991 – 2003)

Regression
Residual
Total

df

SS

MS

F

1
143
144

12521.2898
18333.7566
30855.0464

12521.2898
128.2081

97.6638

Significance
F
0.0000

The p-values from the F-test are close to zero for both USGS gauges for both
validation periods, therefore, we can safely reject the null hypotheses for all streamflow
validation. Since all null hypotheses were rejected, the model proves an acceptable
performance for predicting streamflow at a confidence level of 95%. In final conclusion,
regression analysis through the F-test proved that the simulated streamflows can
significantly explain the variance in observed streamflows.

4.3. Weather Data (Daily Precipitation and Air Temperature)
First, weather data from 1995 to 2003 was used for calibration, but SWAT did not
adequately predict streamflow with such a small record of weather data. Then weather
data provided by the ARS for the years from 1950 to 2010 (already formatted for SWAT
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input) was utilized and greatly improved SWAT’s ability to predict streamflow. The use
of the limited weather data (1995 – 2003) would have used a two year warm-up period of
(1995 – 1996) and a calibration period of just 3 years (1997 – 1999), and then the same
validation period lasting from 2000 to 2003. Table 4.3.1 shows the differences in warmup/calibration/validation periods for limited weather data (1995 – 2003) and ARS
provided data.
Table 4.3.1. Differences in Years for Warm-Up/Calibration/Validation
Periods for SWAT Weather Data Inputs
Limited Weather Data

ARS Weather Data

Warm-up

1995 – 1996

1970 – 1974

Calibration

1997 – 1999

1975 – 1999

Validation

2000 – 2003

2000 – 2003

The results of the baseline run in SWAT with the limited weather data included
R2 values of 0.101 for USGS 03324300 and 0.236 for USGS 03324500 show a very
weak, yet positive relationship between observed and SWAT predicted values of
streamflow. It should be noted that the higher R2 value for USGS streamflow gauge
03324500 includes two very high streamflow predictions of 199.6 m3/s and 320.7 m3/s.
These very high outliers are probably due to an error in the inputted precipitation data.
R2N-S values of 0.008 and for USGS 03324300 and -7.727 for USGS 03324500 prove
SWAT did not acceptably predict streamflow values. Table 4.3.2 presents the R2 and
R2N-S values for the baseline runs in SWAT for both the limited weather data and ARS
weather data to show comparison. An obvious difference is shown, especially in the R2N-
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S

values. The hydrograph of USGS gauge 03324300 shows a general trend, but simulated

values are under predicted for both peaks and troughs, which could result from a short
warm-up period and short time period allotted for calibration to occur. It could also be
caused by too much infiltration into the ground. The hydrograph of USGS gauge
03324500 shows a large spike in streamflow for August 1998, this could result from the
dam and reservoir controlling flooding for downstream locations. Figures 4.3.1 – 4.3.4
show the hydrographs and scatterplots for the original weather data used for the baseline
SWAT run. As seen from the comparisons of the R2 and R2N-S values from both the
limited weather data and ARS downloaded datasets for daily precipitation and air
temperature, a large difference exists. Therefore, it can be concluded that SWAT better
predicts streamflow when the number of years of weather data inputted are greater when
SWAT is not calibrated.
Table 4.3.2. Baseline Run R2 and R2N-S Values for Both Weather Datasets for USGS
Gauges 03324300 and 03324500
Limited Weather Data

ARS Data

USGS Gauge

R2

R2N‐S

R2

R2N‐S

03324300

0.101

0.008

0.402

0.355

03324500

0.236

‐7.727

0.093

‐0.179
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Figure 4.3.1. Hydrograph of Monthly Streamflow for the Baseline Run at
USGS Gauge 03324300 (Limited Weather Data)
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Figure 4.3.2. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for the Baseline Run at USGS Gauge 03324300 (Limited Weather Data)
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Figure 4.3.3. Hydrograph of Monthly Streamflow for the Baseline Run at
USGS Gauge 03324500 (Limited Weather Data)
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Figure 4.3.4. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for the Baseline Run at USGS Gauge 03324500 (Limited Weather Data)
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After adjusting the input parameters for calibration (same as before), the results of
limited weather data calibration include R2 values of 0.229 for USGS 03324300 and
0.292 for USGS 03324500 show a very weak, yet positive relationship between observed
and SWAT predicted values of streamflow. Nash-Sutcliffe coefficient values of 0.165
and for USGS 03324300 and -8.821 for USGS 03324500 prove SWAT did not
acceptably predict streamflow values. Table 4.3.3 presents the R2 and R2N-S values for
the calibration runs in SWAT for both the limited weather data and ARS weather data to
show comparison. An obvious difference is shown, especially in the R2N-S values. The
hydrograph of USGS gauge 03324300 shows a similar trend between simulated and
observed streamflow, but simulated values are under predicted for both peaks and
troughs, which could result from a short warm-up period and short time period allotted
for calibration to occur. The hydrograph of USGS gauge 03324500 shows a large spike
in streamflow for August 1998, this could result from the dam and reservoir controlling
flooding for downstream locations. Or it could be attributed to a large error in
precipitation data input for those certain day(s). By looking at the R2 and R2N-S, it seems
that not much has changed between the calibrated and baseline streamflow predictions by
SWAT for the limited weather data. Figures 4.3.5 – 4.3.8 show the hydrographs and
scatterplots for the original weather data used for the baseline SWAT run.
Table 4.3.3. Calibration Run R2 and R2N-S Values for Both the Limited Weather
Datasets and ARS Weather Dataset for USGS Gauges 03324300 and 03324500
Limited Weather Data
2

ARS Data

USGS Gauge

R

R2N‐S

2

03324300

0.229

0.165

0.776

0.481

03324500

0.292

‐8.821

0.313

‐0.109
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Figure 4.3.5. Hydrograph of Monthly Streamflow for the Calibration Run at
USGS Gauge 03324300 (Limited Weather Data)
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Figure 4.3.6. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for the Calibration Run at USGS Gauge 03324300 (Limited Weather Data)
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Figure 4.3.7. Hydrograph of Monthly Streamflow for the Calibration Run at
USGS Gauge 03324500 (Limited Weather Data)
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Figure 4.3.8. Scatterplot of Measured Streamflow vs. SWAT Predicted Streamflow
for the Calibration Run at USGS Gauge 03324500 (Limited Weather Data)
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The R2 values for streamflow calibration with limited weather data were
statistically analyzed for significance of predictability of the SWAT model. Null and
alternative hypotheses were set up as follows:
H0: R2 = 0
HA: R2 0
Then, through Microsoft Excel, Regression Data Analysis was performed with degrees of
freedom equaling n – 1 (where n is equal to number of datapoints) and a significance
level of 0.05 was conducted. Consequently, if a p-value (significance of f) is less than
0.05, the null hypothesis can be safely rejected. If a p-value is greater than 0.05, the null
hypothesis cannot be rejected. Table 4.3.4 shows the bivariate regression analysis results
for USGS gauge 03324300 and Table 4.3.5 displays the bivariate regression analysis
results for USGS gauge 03324500.
Table 4.3.4. Bivariate Regression Analysis Results for R2 of Streamflow Calibration
with Limited Weather Data in SWAT for USGS Gauge 03324300
Df

SS

MS

F

Regression

1

363.6750

363.6750

10.0786

Residual

34

1226.8506

36.0838

Total

35

1590.5256

Significance
F
0.0032

Table 4.3.5. Bivariate Regression Analysis Results for R2 of Streamflow Calibration
with Limited Weather Data in SWAT for USGS Gauge 03324500
Df

SS

MS

F

Regression

1

37418.8674

37418.8674

14.0176

Residual

34

90760.3614

2669.4224

Total

35

128179.2289
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Significance
F
0.0007

The p-values from the F-test are close to zero for both USGS gauges, therefore,
we can safely reject the null hypotheses for all streamflow validation. Since all null
hypotheses were rejected, the model proves an acceptable performance in predicting
streamflow at a confidence level of 95%. In final conclusion, regression analysis through
the F-test proved that the simulated streamflows were can significantly explained the
variance in observed streamflows.
Based on bivariate regression analysis results for R2 values alone, we may
assume that the limited weather data is able to predict streamflow. However, the R2N-S
values show that SWAT provides unacceptable streamflow values, even after calibration
for both gauges. Therefore, it is concluded that the more weather data available as an
input into the SWAT model, the better SWAT’s ability to predict streamflow values.

4.4. BMP Implementation
Currently, around 35% farmer participation exists within the Salamonie
watershed; the NRCS would like to see greater farmer participation in government
incentive programs for this watershed (NRCS, 2007). The Indiana NRCS website gives
access to many fact sheets and various publications about different conservation planning
and technologies, conservation programs available, even an additional link for small scale
farmers to access additional information (I. NRCS, 2011). Currently, there exist three
levels of conservation management according to NRCS standards: baseline, progressive,
and Resource Management Systems (RMS). Baseline “describe land units with no
treatment or low level of conservation treatment” (NRCS, 2008). Progressive describes
an “intermediate level of conservation adoption at which land owners actively participate
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in conservation programs and have adopted several practices, but not all meet the criteria
of the NRCS” (NRCS, 2008). RMS is a “complete conservation system of practices,
operational decisions, and other measure of the soil, water, plant, air, and animal resource
concern, typically seen with the land uses in a specific watershed” (NRCS, 2008). The
worksheet addresses the different BMPs at each level currently in use in the Salamonie
watershed. All row-crop land use for the watershed utilizes some form of crop rotation
management system, of which, only half meets the criteria for above baseline level for
conservation management. Along with crop rotation, all acreage sees some form of
conservation tillage, broken down into mulch till, and no-till in the NRCS RWA
worksheet. Only 6% (15,375 acres) of the row crop land use utilizes some sort of grassed
waterway or buffer strip, most of which falls into the RMS level on the worksheet.
Tables 4.4.1 provide insight on the percent reduction of average annual sediment
yield through the different levels of BMP implementation. It should be noted that the
sediment yield before BMP implementation is low and is further discussed in the
discussion section. The T-factor is “an estimate of the maximum average annual rate of
soil erosion by wind and/or water that can occur without affecting crop productivity over
a sustained period” (NRCS, 2011). The general T-factor for the Salamonie watershed
ranges from 1.2 – 2 tons per hectare per year (NRCS, 2011). Crop rotation proves the
most effective at reducing the sediment and the sum of organic N and nitrate yields in
surface runoff. The conservation tillage did not additionally decrease sediment yield very
much at all, this could be attributed to the fact that generic conservation tillage was used.
No-till was used for all soyb.mgt files throughout all runs of SWAT, so perhaps only the
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increased acreage of conservation till (which does not include additional no-till acreage
for corn) does not affect the CN2 parameter significantly.

Table 4.4.1. % Reduction in Annual Sediment Yield after BMP Implementation
SWAT Run

Yield
% Reduction
(Tons/ha)
1.072

Before BMP Implementation
Crop Rotation

0.684

36.19402985

Crop Rotation and Conservation Tillage

0.683

36.28731343

Crop Rotation, Conservation Tillage, and Buffer
Strips

0.629

41.32462687
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5. DISCUSSION / FUTURE IMPLICATIONS
Through the study completed by SWAT, BMP implementation has potential to
decrease the sediment load to surface water. Therefore, with the ability to accurately
calibrate for these yields, the results could become even more useful. Srinivasan and
colleagues (R. Srinivasan, et al., 2010) studied that an uncalibrated SWAT model could
still prove effective for determining BMP and crop yield prediction effectiveness. They
also provided an argument that many errors exist with water quality samples and
streamflow gauges that could affect the effectiveness of SWAT’s ability to predict
streamflow and nutrient/pesticide yields in surface runoff. Other studies have shown that
with calibrated streamflow, only minor adjustments were needed to improve prediction of
SWAT for sediments and nutrients.
It should be noted that Dr. Srinivasan, from Texas A & M University, was
extremely helpful, through some major problems I had while calibrating SWAT. Since, I
could not properly conduct a sensitivity analysis, Dr. Srinivasan helped with figuring out
the major input parameters for calibration. CN2, the most sensitive of the inputs for any
calibration in SWAT, was adjusted to slope first, and then lastly adjusted for a 10%
reduction watershed wide (Mazdak Arabi, 2005; M. Arabi, et al., 2008; M. Arabi,
Govindaraju, Hantush, & Engel, 2006; Quansah, 2007; Raghavan Srinivasan, 2010).
CN2 is adjusted when SWAT is under-predicting or over-predicting the peaks of
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streamflow(S. L. Neitsch, Arnold, J.G., Kiniry, J.R.,Williams, J.R., and King, K.W.,
2002). CN2 is the curve number for runoff, the higher the curve number, the ‘smoother’
the surface; for example, bare soil has a curve number range of 77 – 94, and a meadow’s
(with no grazing or mowing) range is 30 -78 (S. L. Neitsch, Arnold, J.G., Kiniry,
J.R.,Williams, J.R., and King, K.W., 2002).
All adjustments were made for the entire watershed, which brings up the
argument that certain subbasins and HRUs may not have surface runoff problems, while
others contain critical areas of runoff problems. Consequently, with a study completed
through each HRU, these critical areas can be focused upon. In addition, the fact that my
sediment load originally is so small, could have to do with some factors that were
adjusted watershed wide (for calibration), instead of individually for each HRU. The
Universal Soil Loss Equation (USLE) “predicts the long term average annual rate of
erosion on a field slope based on multiple factors” (Stone, 2000). The P factor (or
USLE_P in SWAT) is the support practice, i.e. conservation tillage or strip-cropping.
Each support practice has its own multiplier; for example, strip cropping would provide
about a 25% of protection from storm event erosion, therefore its USLE_P value would
be .25 (S. L. Neitsch, Arnold, J.G., Kiniry, J.R., Srinivasan, R., and Williams, J.R., 2009;
Stone, 2000). The USLE_P parameter was adjusted to 0.3, which is very low for the
whole watershed, which could affect the runoff load of sediments.
Furthermore, a time intensive study of the watershed needs to be carried out,
perhaps with better BMP knowledge, which leads to better knowledge of the individual
HRU as well. Through other studies, an argument exists that the finer resolution the
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inputs used for SWAT, the more detailed and accurate the outputs. Therefore, a detailed
study of BMP location could lead to better predictability of actual runoff of nutrients and
sediments to surface water. This knowledge can be acquired through a field study
combined with a high resolution remote sensing analysis of the watershed.
SWAT could prove more powerful, with increased studies for small watersheds,
especially those with small amounts of existing data to be used for calibration (i.e.
multiple years of weather data, vast water quality samples, etc). When I was told there
was a program to help with calculating monthly data from samples that are only taken
one day each month I found that extensive computer programming knowledge is
required. With more time and resources, further investigation into this computer program
could prove advantageous for calibration of sediments and nutrients.
SWAT can be very difficult to manipulate and understand, especially among the
hundreds of pages in the multiple manuals that exist (i.e. User’s Guide, Input/Output
Documentation, Theoretical Manual, etc). Texas A & M offers a three day class on the
SWAT model in Texas, and after completing my master’s thesis, I highly recommend
taking it if finances and schedules allow it.
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