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. Abstract

This project assesses how streamflow is affecteablyropogenic changes to the
environment, looking specifically at the St. Cr&iwer Basin. In 2004 the United States
Geologic Survey (USGS) published a report on stfleawin the St. Croix River at two
gaging stations: Danbury and St. Croix Falls. Tiheasnflow at the upstream station near
Danbury, Wisconsin remained stable over time, wéilencrease was observed at the station
in St. Croix Falls, WI further downstream. In orderevaluate this disparity, this project
utilizes a GIS hydrologic model to analyze the dastexpected to be influencing the flow
rate. Of primary focus are the effects of land cls@nges, including urbanization (an increase
in impervious surfaces), land cover and agricultpractices, as well as other sources of
increased runoff. Data came primarily from state taderal agencies, and the Soil and
Water Assessment Tool (SWAT) is the hydrologic maded. The result of this process is

an analysis of the influence of anthropogenic fiesctm streamflow.



[lI. Introduction

The St. Croix River Basin in Minnesota and Wiscartsas seen many changes
over the past century. From logging to agricultaradl urban development, the land
cover and hydraulic functions of the basin havenbe®acted significantly. This paper
aims to identify the reasons for these changesefisaw/ to assess their manifestations in
the hydraulic functions of the St. Croix River. Tinain inspiration for this project was a
report published by the United States Geologic &uflWSGS) in 2004 discussing a
positive change in the streamflow of the St. Clmetween the Danbury and St. Croix
Falls gaging stations, both located in Wisconsien.2004). The downstream station at
St. Croix Falls had a much higher flow than thabreed at the upstream station at
Danbury. Anthropogenic changes to the landscape s#spected to be responsible. In
accordance with the questions posed in the USGStrepe following research question
was posed for this project: How are changes in les®] including urbanization, land
cover and agricultural practices affecting runafflstreamflow in the St. Croix River
Basin?

As a protected river under the Wild and Scenic Rivact of 1968, the St. Croix
River is an important natural feature in the Upld&twest. In order to maintain its health
and status, research concerning the river is isargly important. Prior to this project,
there was little to no comprehensive attempt toehtdte St. Croix River Basin,
particularly with an emphasis on what role is pthpg land use/land cover (LULC)
changes in the area. There has been more integesitly in gaining a better
understanding of how anthropogenic activities diecéing the basin, but there is still a

need for a more thorough research. The goal optgier is to explain the ways in which



human activities prevalent in the St. Croix RiversB over the past century have altered
watershed function. Included in the history of &éinea is extensive logging and
development. Therefore, an examination of thedttee concerning the impacts of
activities associated with logging, such as dammehgnnelization, and dam
removal/restoration is included, following a genératory of the study area.

The majority of this paper will focus on using theil and Water Assessment
Tool (SWAT) to recreate the St. Croix River Basihigrologic system. As with all
models, there is a certain amount of error and atesitation associated with SWAT. The
main issue faced with using SWAT for this projeashcerns a miscalculation of flow,
possibly due to an underestimation of infiltratidiis resulted in streamflow data with
much higher than expected peak and intermediawsfland lower than expected base
flows. Additionally, a lack of available data maaeentury-long temporal analysis of
streamflow changes infeasible. Due to these liiomat the original aims of this project
were revised. Instead of focusing on performingragoral and spatial analysis, the
project became geared more towards establishingatis of future analysis. This
includes the compilation of a database containitf§ I&yers necessary for SWAT
analysis and others that inform a greater undeaisigrof the St. Croix River Basin.
Additionally, a greater understanding of how SWA®Grks is established, including how
the model can be used for an analysis of how tha'sihydrologic functions are

impacted by anthropogenic changes.



[ll. Study Area Overview: History of the St. Croix RiverBasin

Flowing 165 miles from the Upper St. Croix Lakelte Mississippi River at
Point Douglas, the St. Croix River drains 7,650aqumiles of terrain and serves as the
boundary between Minnesota and Wisconsin (Dunn L19%9one of the first American
rivers to be designated a National Scenic Riverimathe U.S. National Park Service, the
St. Croix is preserved as one of the most recneallypused and environmentally
appreciated rivers in the United States (McMahdd220The entire St. Croix River
Basin covers sixteen counties, including Aitkin,oka, Carlton, Chisago, Isanti,
Kanabec, Mille Lacs, Pine, and Washington Countiddinnesota; and Bayfield,
Burnett, Douglas, Pierce, Polk, St. Croix, and Wash Counties in Wisconsin. Figure 1
on the following page shows the extent of the basiwell as the major tributaries of the

St. Croix River and the locations of the Danburg &b. Croix Falls gage stations.



Figure 1 - St. Croix River Basin Reference Map
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St. Croix River Basin

The upstream and downstream reaches of the rivgrceasiderably, from how
they originated to how they have been used throutghistory. The river itself was
actually formed by two separate glacial lakes, @ldcake Grantsburg and Glacial Lake
Duluth, hundreds of thousands of years ago. Figuwme the following page shows the
land cover in the river basin from the 2001 Natldrend Cover Dataset. Within the St.
Croix River Basin, indicated by a black boundatryan be seen that land cover varies
visibly between the upstream and downstream sextbthe St. Croix River. The upper
reach is characterized by fast flowing water, pises generally sandy soil unfit for
cultivation (Dunn 1979). This can be seen in Figuees the predominantly green area in
the Northwest third of the basin. The darkest gisevergreen forest, which comprises a
slim fraction of the largely deciduous and mixece&is shown in the lighter shades of
green. Additionally, there is a lack of agricultuend, which can be explained by the
poor soil quality among other things.

The lower reach, however, is wide and slow moviritip wich soil (Dunn 1979).
In Figure 2 it can be seen that the downstreamquodf the basin is dominated by
pasture/hay and cultivated crops, reflecting thewkedge that the soil quality is much
better than that of the upper reaches of the respite comprising parts of a single
river, the upper and lower reaches of the St. Cddier dramatically. The rest of the
basin is composed of a mixture of cropland, dediduorests, open water, and patches of
urban development. The river valley’s history israged as the river itself and includes
intertribal Native American conflicts, the fur tedEuropean colonization, logging and

damming, and today recreation (McMahon 2002).
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Understanding the history of the St. Croix RivasB is significant to this
project, because the changes in the use and deveittwf the area have caused
pronounced impacts on the river system and suriagrehvironment. Knowing how the
landscape has been changed over time, from prepEanosettiement conditions to being
protected under conservation legislation, allowsafo effective analysis of the factors

contributing to a disparity in streamflow changehi the basin.

Pre-settlement Conditions

Prior to the signing of the 1837 Chippewa Treatyicl opened the St. Croix area
to Euro-American settlement, only Native Americabés lived there (U.S. Park Service
2009). The Dakota (Sioux) and Chippewa were theany tribes, and engaged in more
or less consistent warfare (Dunn 1979). This comitheven with (and perhaps especially
due to) the presence of the fur trade beginnirtgeriate 1700s (Dunn 1979). Besides the
social effects that the fur trade had on Native Aocam tribes and Euro-Americans, the
environmental impact of intense hunting of grazamgmals such as deer, as well as
beavers, was significant in changing the St. CRiwer valley’s vegetation and
ecosystems (McMahon 2002). As these animals dessteasiumber, the open prairie
land on which they grazed gave way to vegetatieeession, replacing the prairie with
Maple-basswood forests along the St. Croix RivecNMhon 2002). Both the new
forests and those preserved up until Europearesedtit would later be exploited by the
logging industry. Having been allowed to grow ldygenchecked for centuries, the

forests served as ideal sources of timber.
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Logging and Damming

It wasn’t until the 1830s that interest in the upe Croix as a source of timber
picked up (McMahon 2002). Through the constructbdams and booms, and the
blasting of rock at strategic locations, the loggindustry made the most intensive use of
the St. Croix in the river’s history. In the 1836gging reached its zenith, with the
establishment of the St. Croix Boom Company in 1@31nn 1979). This company was
the first to take a more systematic approach tgitag The town of Stillwater, WI
became the center of the industry, exemplifying maany towns sprang up as a result of
logging in the St. Croix River Valley and throughdlve US. Perhaps the most intrusive
form of control used by the logging industry on 8te Croix and other logging rivers was
damming.

In 1889 the St. Croix watershed alone held neddlg&ms created for purposes
associated with the movement and containment af (MgMahon 2002). Most of these
dams were only small headwater dams characteoiktite types of impoundments used
for logging. Despite their size, small dams caveha dramatic effect on river function
when present in large numbers (McMahon 2002). Ererding of and persistent,
intensive log driving on the St. Croix and its triiries caused streamflow to increase
significantly, especially directly downstream oftpng dams, resulting in considerable
streambank erosion (McMahon 2002). Another commasbd structure was the wing
dam, which was built out from the shore to conthe flow of the river, and guide logs
along desired paths and past obstructions (McM2002).

Perhaps the single most consequential dam buth@i$t. Croix itself was Nevers

Dam, built eleven miles upstream of St. Croix Fall4890 (Braatz 2003). It was
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significantly larger than any other dam that hadrbbuilt, extending 614 feet across and
backing up the river for ten to fifteen miles upstm (McMahon 2002). The dam was one
of the most historic aspects of the logging industrthe region, yet little physical
evidence of the dam remained past 1955 when mdkedtructure was torn down
(McMahon 2002). By the time the last log went dava St. Croix in 1914, vast areas of
land had been cleared and debris had been left pileéhe ground, leaving those areas
susceptible to significant forest fires (Sharrov@2p Although the role of the St. Croix
River itself in the logging industry ended at thate, timber harvest in the basin would
continue through the end of the twentieth centédmyderson, 1996).

The mark left by the logging industry in the Sto@rRiver valley was
substantial. Within half a century the majorityceituries-old forests surrounding the
river had been cleared, resulting in an extreméogezal shift in the area. Intensive
logging paired with forest fires disrupted the matueseeding processes of the forest and
prevented the return of old-growth trees that heehlover-cleared (McMahon 2002).
For example the white pine was the most notableispdost, with over 4,000 square
miles cleared for use as timber (McMahon 2002) eRdig attempts proved
unsuccessful, giving way to new species of treelsta@refore new ecosystems entirely.
Another major effect logging had on the St. CroixeR valley was to draw settlers to the
area. Just as fur trading had left its permanemk mia the St. Croix landscape, so did
logging.

The extensive stream network of the Upper Midwieat énabled such a
successful logging industry also paved the waytmcessful agricultural settlement. The

decades following the 1850s found exponential ghawtmovement of people into the
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area, and the beginnings of an influx of immigraotthe US in the area (McMahon
2002). By the early 1900s agriculture had foundatss in the St. Croix River valley, but
desire for further expansion faced challenges fitoeforestry movement (McMahon
2002). Nevertheless, the area continued to be deedlfor use as agricultural land and

later recreation.

Recreation and Preservation

As more conflicts arose in the area concerning tieenland should be used, there
grew a need for an organized means of negotidtiegetissues. This came in the form of
the St. Croix River Association (SCRA), which wasablished in 1911 (Dunn 1986).
More specifically the SCRA grew out of concern ba part of people who saw the river
as an opportunity for recreation and tourism, a agesportsmen and local residents. Up
until that point, recreation and tourism weren#is@s the most viable assets of the St.
Croix River. In the mid 1800s the area became nmicte accessible to travelers via
railroads and as a result began to attract somestouThis tourism was limited however,
and aside from steamboat use, recreation on ther&ik itself was also relatively
inconsequential at that time. Conversely, by theye®00s power companies became
much more interested in harnessing the St. CroneiRor electrical hydropower
generation. Companies such as the Minneapolis @eBtctric Company, the
Minnesota Electric Company and the Northern StBtaser Company were a few that
set up operations along the river (McMahon 2002).

Hydropower operations are not without their envinemtal costs though, and

such industry caused local stakeholders to becq@pehensive. The SCRA made the
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preservation of the river for recreation and gelnemgoyment their mission, although the
specific goals of the different members were netgks complementary. While
sportsmen wanted flowing water and pools suitatmdi$hing, others wanted wide
channels suitable for recreational/tourism-mindedting (McMahon 2002). As tourism
and recreation in the area grew through the easdytieth century, the resulting
economic gains moved those interests to the fanetbpublic concern for how the St.
Croix River should be preserved.

A pivotal change in the conservation of the riveame in 1968. In that year
President Lyndon B. Johnson signed the Wild anchi8deivers Act, preserving the
Upper St. Croix as a wild river (Dunn 1986). Additally, in 1970 the St. Croix River
State Forest was established, adding further proteto the river. The intention for the
park was for its bounds to run along the river tneg side. The issue with this plan was
that much of this area was already developed adergsal, riverfront property
(McMahon 2002). This created issues between |lasadlents and the National Park
Service that wouldn’t be resolved fully for sevetabtades (McMahon 2002). Later in
1972 the Lower St. Croix National Scenic Riverwagsvestablished in an effort to curb
the suburban sprawl that was extending out fronTthim Cities, exemplifying the

changing anthropogenic pressures on the area’sahadsources (McMahon 2002).

Agricultural Development and Urbanization
Although agriculture was not systematically praation a large scale during the
early years of the logging industry, people begayirig land and settling in the latter

half of the nineteenth century, and agriculturaledlepment began to increase (Anderson
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1996). This change was especially prevalent indiver St. Croix valley, which is
characterized by better quality soil amenable tmfiag. The number of farms and total
acres of farmland in that area grew dramaticallyl time 1940s, when they peaked and
started on a downward trend that continues todayléAson 1996). The implications of
this development include a loss and fragmentatfdorested land and wetlands. In
Wisconsin alone there has been a loss of at leashilion acres of wetland areas since
the 1830s when there were reportedly around 10@omidcres of wetland areas
(Anderson 1996).

At around the same time agricultural developmeatined its zenith in the area,
population growth began to take off. Following WbWar 1l population boomed in the
area, as did the associated urbanization. Betw@éd and 1990 population in the lower
St. Croix valley itself doubled from around 142,486294,206 people in the counties
comprising that area (Anderson 1996). Table 1 erfahowing page shows how
population in the sixteen counties of the St. CRixer Basin, specifically the
percentage of the population that is rural versbam (US Census Bureau 1990, 2000).
Between 1990 and 2000 population increased in esamty, and the percentage of the
population living in urban areas rose in six of siideen counties, as well as overall.

Cities such as Stillwater that had served as htibstivity for the logging
industry became increasingly urbanized throughloeiteind of the twentieth century, with
low-density residential development extending outivato the surrounding areas
(Anderson 1996). Although low-density developmemgginot have the same magnitude
of environmental impacts as high-density, urbaretigment, it can still significantly

affect the surrounding landscape. As with all depglent, it can result in the very least
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in increased runoff and decreased evapo-trangmiradidditionally, any focused human
settlement requires the importation of resourceksthe exportation of waste, and often

serves as a significant source of water and aluj@h (Anderson 1996). The patterns in

population growth and the decrease of agricultlaradl area continue today, indicating

that an understanding of how associated land useges affect river systems and the

environment in general will continue to be impottior years to come.

Table 1 — 1990, 2000 Rural & Urban Population Compéson (US Census Bureau)

1990 2000
Total Percent | Percent Total Percent | Percent
County Population Urban Rural Population Urban Rural

Aitkin 12,425 0.0% | 100.0% 15,301 0.0% | 100.0%
Anoka 243,641 91.9% 8.1% 298,084 85.6% 14.4%
Bayfield 14,008 0.0% | 100.0% 15,013 0.0% | 100.0%
Burnett 13,084 0.0% | 100.0% 15,674 0.0% | 100.0%
Carlton 29,259 34.2% 65.8% 31,671 36.6% 63.4%
Chisago 30,521 0.0% | 100.0% 41,101 36.0% 64.0%
Douglas 41,758 66.1% 33.9% 43,287 61.6% 38.4%
Isanti 25,921 19.7% 80.3% 31,287 26.5% 73.5%
Kanabec 12,802 22.7% 77.3% 14,996 20.3% 79.7%
Mille Lacs 18,670 19.9% 80.1% 22,330 17.8% 82.2%
Pierce 32,765 45.1% 54.9% 36,804 38.4% 61.6%
Pine 21,264 12.3% 87.7% 26,530 11.3% 88.7%
Polk 34,773 7.6% 92.4% 41,319 6.9% 93.1%
St. Croix 50,251 32.5% 67.5% 63,155 43.2% 56.8%
Washburn 13,772 0.0% | 100.0% 16,036 16.5% 83.5%
Washington 145,896 78.7% 21.3% 201,130 81.9% 18.1%
Total 740,810 | 57.3% | 42.7% 913,718 | 58.9% | 41.1%

Whereas 50 years ago concerns in the area hinged@asing tourism and

agriculture, the mid to late 1900s saw a marketegse in concern for development,

extending beyond summer homes to include residerdtramunities and even cities.

These dynamic uses of and attitudes towards ther8itx River mark the general trends

in thoughts of the American public; from loggingrexreation to development, the St.

Croix has served as a critical part of the histafrthe Midwest. Understanding the
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history of the St. Croix River Basin has particlyamportant ramifications for this
project, because it provides the background for lemal use changes could have caused

the disparity seen in streamflow within the basin.
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IV. Literature Review: Effects of Logging on River Systms

As a region rich in timber, the St. Croix Riverddahas seen intensive
deforestation and river alteration by the loggindustry. Over the course of half a
century loggers made changes to the river systahmibre than quadrupled its original
transportation capacity from 165 miles to 820 mdéssable log floatways (McMahon
2002). This provides an excellent example of hogagthe magnitude of changes made
to the river is. In order to optimize a river systéor use in log transportation, channels
are narrowed and straightened using piers and dangs, the bed structure is
homogenized, and dams are constructed to regudats {Nilsson 2005). These
alterations make floating logs much easier, bectheseremove obstructions and
increase flow velocity. However, they have markédats on the river systems they aim
to control. The three major categories of impaotging has are geomorphic, ecologic,
and hydrologic. These impacts are similar forygdkss of river modifications, but there
are some differences between channelization andnitagm In order to understand the
overall impact of anthropogenic activities on arigystem, it is useful to consider the
total geomorphic, ecologic and hydrologic effecthod logging industry, specifically

involving channelization and construction of dams.



19

i. Channelization

Channelization is a technique of river modificattbat is utilized for a variety of
purposes. For rivers intended for use as log flagsythe effects of channelization differ
from those associated with other types of chanatdin, because only the specific
portions of a river where logs get stuck in trarsiich as rapids or riffles, need to be
altered (Nilsson 2005). Riffles are shallow stre&bf a river that form between deeper
pools, causing choppier water (“Pool and Riffle’LR). However, these discrete,
segment-based changes can result in cumulativetefda the entire river (Nilsson
2005). For example, the flora and fauna in reagh#shigh flows are often diverse,
differing from those in slower moving reaches. Acliogly, the alteration or narrowing
of these channels can cause a loss of biodiversthe river as a whole, a decline in
land-water interaction, an increase in streamfl@oegity, and an increase in the erosion
of streambanks (Nilsson 2005).

Channelization can involve the blasting of bouldensky outcrops and large
woody debris; the installation of wing dams, stprers and splash dams; and the
construction of flumes for avoiding steep or tudnilreaches (Nilsson 2005). All of this
is done to make it easier for logs to be floatedmkiream efficiently. Changes to the
channel normally begin during dam construction ttualtered water and sediment flows
(Brandt 2000). Generally, the geomorphic changesrieer caused by channelization
include decreased channel roughness, steeper bmairgradients, and shorter overall
flowpath distances (Nilsson 2005). While these gaquinic changes contribute to the
transportation of logs, they also homogenize trennkl and cause a number of

secondary changes that significantly alter therrdystem. When a stream is straightened,
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water is able to flow more quickly and easily, dnere is typically an increase in shear
stress on the streambed and banks, as well agi@age in the sediment transport
(Nilsson 2005). Shear stress occurs when somettithgs along a plane parallel to the
sliding material. Shear stress and sediment trabganl to increased rates of erosion of
the channel, greater instances of sedimentatiorilaoding in downstream reaches, and,
if they were present before channelization, rifflel sequences are disrupted (Nilsson
2005). Once removed, boulders, rocky outcrops,|lam® woody debris are hard to
reintroduce to a river with the intention of redneg the pre-channelization state. It is
possible to add some variation back to the chasmetrphology, however this form of
restoration really only serves the purpose of lesggethe future impact of past
anthropogenic channel alterations (Nilsson 200Bjs €stablishes yet another different
set of physical characteristics that the river eiéentually work into a new state of
equilibrium quite different from the pre-interfenstate. The geomorphic alterations
made will continue to lead to changes in the egobntd hydrology of the river system.
Within the St. Croix River Basin, channelizatiordasther physical alterations
contribute to more variable hydrology (“Water Quyaln the Upper Mississippi River
Basin — Major Findings” 2005). Mainly, this manifestself in higher peak flows during
storm events and more variably dynamic flows. Stfé@v increases and decreases more
rapidly, creating greater extremes in water volurieging the 1800s and early 1900s
when logging was prevalent in the area, chann@izatas used to enable easier
movement of logs downstream. However, when th€&tix River became protected
under the Wild and Scenic Rivers Legislation in8,9@strictions were placed on slope

modification (Minnesota Department of Natural Reses 1997).
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The increased regulations placed on the St. CrodgrRsignificantly alter the way
in which future development or flow alteration aacur. The history of the river is
wrought with physical alterations associated whih ibgging industry and more recent
development. Accordingly, in order to maintain Reatural conditions within the river
system, such alterations must not only be takendntount, but potentially remedied or
removed where possible. These concerns transtetljito the issue of damming along
the riverway and adjoining tributaries, which lpéirhaps the most pronounced

hydrologic legacy of the logging industry’s actigg in the region.

ii. Construction of Dams

There is no question that building a structure thetructs a river’s flow will
have lasting effects on the entire river systendislrbed alluvial channels exist in a
naturally maintained equilibrium that evolved otfesusands of years (Brandt 2000). The
damming of these channels causes the sudden distglof this equilibrium, completely
upsetting the natural river system function andniled) a new state of equilibrium, or as
is often the case, disequilibrium (Nilsson 2005).

The reasons for constructing a dam generally cemtéruman-related needs, such
as storing and distributing water, providing hydreyer for the generation of electricity,
and regulating flow for more efficient transportatiof goods. In this way, dams can be
extremely beneficial to society. They can prevemnt eontrol flooding, distribute water
for irrigation purposes, and provide water for urlaad industrial use (Rosenberg 1997).

Conversely, dams have the potential to be harndtjust to the environment, but

also to society. Dams often disrupt the naturatitistion of water and sediment, causing
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a loss of water for irrigation and urban water diggpdownstream, as well as a loss of
soil fertility (Rosenberg 1997). Additionally, tipeoductivity of wildlife, especially fish,
can be adversely impacted. By obstructing the mbhamnel, a dam alters all aspects of its
function, including flow of water, sediment, nutrts, energy and biota (Ligon 1995).
These effects are felt as close as immediately dowam from the impoundment, and as
far away as at the mouth of the river (Rosenbefy1L9

In general, dams are constructed to control flopdind sediment deposition,
generate electric power to supply water for muracgnd industrial needs, or for a
combination of purposes (Brandt 2000). The dowastreffects of hydroelectric power
production can extend over large spatial extentdislamg periods of time, altering natural
hydrologic and ecosystem processes (Rosenberg.1899¥prthern temperate zones,
hydroelectric developments generally retain thééigpring flows and release above
normal flows in the winter, when there is a greatmand for energy (Rosenberg 1997).
The general physical and chemical changes to dogarstareas associated with large-
scale streamflow modification include: the destrcbf wetlands, increased salinity and
saltwater infusion, decreased sediment inputs lam@vtentual loss of coastal deltaic
areas and deltaic levees, and the loss of nuineats to estuaries in the spring
(Rosenberg 1997).

Dams built on rivers that are used as log floatways to be smaller structures
compared to those intended for other purposes asiglower generation (McMahon
2002). Examples of some structures associatedli@egtiing operations include wing
dams, which only extend partway into a river chaiamel force water to flow in the

faster-moving center of the channel, small headwddens and log booms, which are



23

barriers placed in the channel to catch and rediogs. Although large dams have a
significant influence on the hydrologic cycle dogheir sheer size and capacity, small-
and medium-sized dams, such as those used in tpggerations, often contribute more
to river fragmentation, because they are genefaillpd in greater densities (Chin 2008).
The fragmentation caused by small- and medium-sizeas is enough to disrupt
ecosystem function (Chin 2008). Additionally, danase a variety of other ecological,
geomorphic and hydrologic effects on the river reks they impair. Impacts are
different for every dam, depending on situatior&kdrs, such as the latitudinal location
of the dam and its size/type (Rosenberg 1997).1&ilyi the resulting effects of dam
removal and associated restoration efforts areuenigr every impoundment and

therefore must be considered on a case-by-case foagffective analysis.

Effects on Streamflow

When a dam is constructed, its most obvious andeidiate impact is that of
limiting the natural flow of water and sedimentsuling in a reduction of both.
Accordingly, a decrease of peak discharges, sedingrying capacity and stream
power generally accompany dam construction andadipar(Brandt 2000). In addition,
the flow patterns of a stream can change drambtiagth damming (Brandt 2000). It is
normal for there to be fluctuations in streamfloveotime, the most prominent being the
annual shift from high flows during the wet seatmfower flows during the dry-season.
With the construction of dams, specifically tholsattretain water for use in the

generation of electricity, these natural pattemesodten dramatically altered.
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Diurnally, dams often release more water duringdéngime, when it is necessary
to generate more electricity to meet demand, thaimg the nighttime, when there is less
demand (Brandt 2000). Annually, wet-season flovesadien retained for release during
the dry season, when more water is needed foatrag or consumption, which is
completely opposite the natural fluctuation in atnélow (Brandt 2000).

Effect on Sediment Transport

Dams also act as substantial barriers to sedimemgport. This can have negative
implications for the lifetime of the reservoir amdpoundment themselves, as well as for
the deposition of sediment downstream (Brandt 20D0) large degree, the magnitude
of these changes depends on the size and locdttbe dam. If the reservoir is large, a
large proportion of the sediment flow can be trahmgeatly reducing the amount
released to downstream areas (Brandt 2000). Tdppitmg can also affect the grain size
of sediment discharge, because larger particlemare likely to be caught, causing only
finer grains to continue downstream (Brandt 200Gje reservoir is located in an area
with a greater propensity for soil erosion, espicia tropical or arid regions, sediment
trapping can cause severe changes to the geomogyhail both upstream and
downstream fluvial systems (Brandt 2000). Becadigkeopotential that exists for the
excessive deposition and trapping of sediment leinipoundments to decrease the life
of the reservoir, there have been a number of tqabs developed to alleviate it. Two of
the most common methods used are: sediment sluatidgediment flushing.

Sediment sluicing involves allowing sediment tocheried downstream with the
water running through a dam before it is depositgdin the reservoir (Brandt 2000).

This technigue keeps sediment loading relativelyaétp that of normal flows (Brandt
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2000). In sediment flushing, sediment had alreagBnldeposited within the reservoir. It
is then eroded and transported through outletsardam when the water level is lowered
within the reservoir to encourage the erosivityhaf outflow (Brandt 2000). This can
result in far above normal levels of sediment taddeased at a single time, causing
sediment transportation rates to be equal to drdnithan those of natural flows (Brandt
2000).

Although these may seem like reasonable methodBesfiating the strain of
sediment deposited within a reservoir while presgrthe natural processes of sediment
transport, even if the volume of sediment dischaigdarge, the composition of this
sediment is often so fine that it does not contalio river channel creation (Brandt
2000). Based on the importance of there being tianian sediment grain size in order to
build and maintain the morphology of a stream clegnhis important to consider the
composition of sediment flowing downstream priodm construction when studying
the effect of the dam on geomorphic processesqmsttruction. The effect that a dam
has on downstream reaches can vary significantgdan differences in the water and
sediment flows comprising the dam input, as wehas they interact with the
downstream channel (Brandt 2000). Additionally, niienber of dams on a given stream
can also drastically impact how the stream sys&spands to such development (Brandt

2000).
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Small Dams and the Effects of Fragmentation

Although the vast majority of dams in the US ar@lnor medium-sized, they
tend to be clustered within the same river systeassing an intensification of the
barriers they present to natural hydrologic funt{iGhin 2008). The greater density of
these smaller dams thus results in significantlyenftagmentation than a single, larger
dam would cause (Chin 2008). This fragmentatiometeses the ratio of riparian
vegetation to unit of stream area, thereby restgdand-water interactions (Nilsson
2005). Losing this connection causes significa@ingfes to river ecology, because the
habitats of the diverse flora and fauna that demantthat relationship are fragmented,
often resulting in a loss of some species altogethd creating a lack of biodiversity.
Some restoration efforts in such areas followingndamoval focus on developing
nursery habitats in order to reestablish the i@hatiip between the riparian vegetation
and the river (Nilsson 2005).

Other restoration efforts that don’t involve daemioval incorporate efforts to
create a ‘closer-to-natural’ environment. This barachieved through regulating flows in
such a way to mimic natural “run-of-river” flowsoFexample, the St. Croix Falls dam is
located upstream of one of the few remaining pdpuia of winged mapleleaf mussels
worldwide (“Hydropower Dams” 2010). The sometimesatc flows of such a dam,
particularly the above-normal peak flows, dired¢tyeaten the continuing presence of the
mussel population inhabiting downstream areas.tDlee size and use of the St. Croix
Falls dam for hydropower operations, removal isanetable option. In this instance,

“run-of-river” flows were re-established in an affto strike a balance between
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preserving downstream ecosystems while maintaitmadnydropower functions of the

dam (“Hydropower Dams” 2010)

iii. Dam Removal and Restoration
Considerations Prior to Dam Removal

When assessing the reasons a river channel aaskibgiated ecosystems have
experienced significant changes, damming cannaubamatically assumed to be the
only or primary factor. It is therefore importantuse a number of criteria to determine if
the damming was indeed the source of the changdigaimé and Wolman (1984)
determined a series of criteria that can be usethi® purpose while conducting
investigations on rivers in the US (Brandt 2000)e Triteria Williams and Wolman used
are: (1) adverse effects are greatest closesetdam; (2) low flow characteristics
indicate that the stream channel was generallyestaior to construction; (3) erosion of
upstream and downstream sections differs, withittegbed downstream tending to
erode while the riverbed upstream remains relatiuechanged; and (4) calculating pre-
dam streambed elevations from degrading channetiupes unrealistically high
elevations (Brandt 2000). If these criteria are,rtietn the geomorphic and hydrologic
changes that a river has experienced can be aétdlo consequences of damming, but
otherwise more investigation is needed.

The process of determining whether a dam shoulegieved is often
complicated by a number of factors, including theliests of groups/individuals
involved in its operation or the local environm@mbth natural and built). The initial

consideration of the viability of removing a damggally occurs when a dam has
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reached an age where the cost of repairing orcgat outstrips the benefits of its
continued operation. The Wisconsin Department dliNé Resources (DNR) has three
main criteria for discerning whether dam removahis best option, which are included
in state statutes: (1) the dam is no longer sajehe dam has been abandoned by its
owner, and less commonly (3) environmental conceetgssitate dam removal (“Dam
Removal — WDNR” 2008). Often it is smaller damst thile removed, resulting in less

pronounced impacts on the river system than thevahof a large dam would.

Impacts of Restoration

Just as the ecological, geomorphic and hydroloifgcts of various river
modifications vary so too do the corresponding psses and impacts of restoration
attempts. Dams have been decommissioned with grieatgiency over the past century.
Although the reasons differ in each case, ther@aamember of primary reasons that make
the destruction of the structure a better opti@mtperforming maintenance on it. These
include concerns relating to safety, the cost ofa@iation, and the environmental
impacts of keeping the dam in operation (Neave pa88wever, simply removing a dam
is not enough to return a river system to its peraonstruction state. Additionally, the
changes that occur following dam removal have eenbstudied as thoroughly as the
effects of dam construction and operation, makimgadam removal and restoration
project an experiment with little to no scientifiackground to serve as a guide (Neave
2009). As dams in the US near the end of theiratpmral design lives, as 85% percent
will by 2020, such research will be in even greatmand (Neaves 2009). Although this

field is still evolving, there is a lot known abduiw a river system might respond to the
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decommissioning of an impoundment. In Wisconsia,DINR identifies several
significant benefits of dam removal, including teaewal of continual fish habitat,
normal temperature routines, water clarity and exykpvels, normal sediment and
energy flows, and ecosystem biodiversity (“Dam Reahe- WDNR” 2008). Each dam
that is proposed for decommissioning must undergerironmental assessment that
determines the risks and benefits of its removal.

Ecologically, there are positive implications ohdaemoval, including an
increase in biodiversity (Neaves 2009). Howevemnidicant changes in streamflow and
sediment loading could adversely affect ecosysi@raves 2009). For example, for
impoundments with large reservoirs that drasticiathyt the natural flow of water and
sediment, removing the dam will cause an increaslked amount of water and sediment a
downstream reach receives. This has the poteatsd\verely upset any adaptations made
by the river system to lower flows, disturbing édéished ecosystems.

Geomorphologically, the river channel upstream ftbmxdam can be
dramatically changed as a result of incision follggWdam removal, altering the flow rate
and erosion of streambeds further downstream (Ne20@9). In wide and deep
channels, significant sediment mobilization follagsidam removal can cause channel
erosion and incision (Neaves 2009). Smaller streaitiscertain streambed materials,
including cobbles, boulders and bedrock, have he@mnd to be relatively resistant to
geomorphic changes following removal (Neaves 2008is indicates the need for

consideration of a stream’s physical charactedstigplans for dam removal.
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The anthropogenic changes that have been made &ttiCroix River Basin are
substantial, at times inflicting permanent damagiederstanding how the landscape has
changed and how these changes have in turn attezdd/drologic functions of the basin
is important to producing an accurate model. Thek@poound to the area was critical to
informing the methodology used for this projecedfically in selecting a model and
deciding what was important to include in the fidatabase. Additionally, without
knowledge of the physical ramifications of how #tedy area has been shaped in the
past, it would have been impossible to understaadd¢asons behind trends that exist in
the results, or to propose solutions to problent®entered during analysis. Hydrologic
systems such as that of the St. Croix River Basreatremely complex, and therefore
the many factors that impact them must be undedistoorder to form a successful

simulation.
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V. Methodology

Due to the multifaceted and complex nature of l@tersheds function, using a
model is the best way to estimate the effects ofynthfferent, yet interrelated factors on
streamflow. Specifically, hydrologic models estimparameters, which cannot be
measured directly, to as close to their observégegaas possible (Zhang 2008). This
project seeks to examine specific aspects of waddrprocesses, focusing on how
streamflow is affected by anthropogenic changéartd cover and natural stream
geology. The Soil and Water Assessment Tool (SWWAd3 used to simulate the effects
of these changes to the St. Croix River Basin, wifbcus on spatial and temporal
patterns. To provide for the integration of GlSadato the SWAT model, the graphical
user interface ArcSWAT was used within Arcinfo.drder to achieve the analyses,
several simulations were run, with variations madgarameter values in an attempt to
get the model outputs to match observed valuetoaslg as possible. Although this
project initially aimed to provide a spatial anthfgoral analysis of streamflow change in
the St. Croix River Basin, new goals were formedesponse to a lack of necessary
LULC data These include focusing more on understanidow SWAT works, and

establishing an accurate base simulation as wellcasnprehensive database.
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i. Model Selection and Overview

In order to determine the most suitable modehfdrieving the project goals,
several hydrologic models were evaluated for tappropriateness. Through this
evaluation two well-respected hydrologic modelsensglected as potential candidates:
the Soil and Water Assessment Tool (SWAT), andHpdrologic Modeling System
(HEC-HMS). Both models simulate runoff and othetevshed functions in large- and
small-scale watershed networks, as well as wodoimjunction with pre-processing
programs that operate within ArcMap to provide skeamsintegration of GIS data into
modeling. However, there are some key differenicasdistinguish the two models from

each other, primarily concerning their intendedligpgions.

HEC-HMS

HEC-HMS was developed by the United States Armgp€of Engineers
(USACoE) Hydrologic Engineering Center (HEC) to precipitation-runoff simulations
for a variety of applications in dendritic waterdlsystems (“HEC-HMS”). The literature
cites use of the HEC-HMS primarily for studyingglimflood events or drainage systems
in urban areas (Sensoy 2007, Zhang 2008). AlthéiG-HMS can be used to study
precipitation-runoff processes in larger study sysach as the St. Croix River Basin, it
is not designed to quantify the effects of land agggment practices on such areas. Due
to the importance of this element to the proje&d-HMS is not the most appropriate

choice.



33

SWAT

The SWAT model was developed for the United St&tepartment of
Agriculture’s (USDA) Agricultural Research Servi@@RS) by Dr. Jeff Arnold (Nietsch
2005). It is primarily intended as a means of gifng the effect of land management
practices on river basin or watershed processdsasistreamflow, sediment yield and
agricultural chemical yields (Nietsch 2005). Thedwmlorequires specific, physical data.
Based off of these data the model can simulatenthh=ment of water, sediment and
various chemicals (Nietsch 2005). Through the irgtgn of such data, the SWAT
model allows the user to control which hydrologiogesses to study, allowing for the
selection of which locally determined and pertinesiables to examine. The model can
be run over long periods of time, as opposed togkmited to the short-term duration of
a single flood event, as is the case for many dtigdrologic models (Nietsch 2005).
Although many applications of the SWAT model dedhvssues of water quality as well
as sediment and chemical loading, the model was insthis project to simulate how
changing land uses/covers (LULC) within the stutBachave affected streamflow in the
St. Croix River over time. The SWAT model was chroseer HEC-HMS because of its
ability to take land management practices into aotevhen simulating long-term

streamflow trends and hydrologic processes ovetladively large basin.
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ii. Data and ArcSWAT Preprocessing

In conjunction with the SWAT model, ArcSWAT wasedsto preprocess GIS
data. ArcSWAT is an extension to the SWAT modet thas within ArcGIS. It provides
a graphical user-interface that allows for GIS dathe easily formatted for use in
SWAT model simulations. Necessary software and degaeadily accessible and can be
found for free online largely from governmental agies (see USGS <http://www.usgs.
gov/pubprod/data.html#data>, and the USDA <httpildatamart.nrcs.usda.gov/>).
Other similar preprocessing programs were consitjér@vever ArcSWAT was chosen
because it is produced by the same organizatidrptbduces SWAT, and because it can
also be used to organize and view model outputsSYMAT breaks preprocessing into
three main steps: Watershed Delineation, Hydrol&gsponse Unit (HRU) Analysis,
and Weather Data Definition. One of the benefitagihg ArcSWAT to preprocess data
for the SWAT model is that the amount of data reepidepends on the level of analysis
desired. For a basic simulation, only a few dataast required. Each section requires
specific datasets and allows for additional user4oled datasets to be added in order to
allow for a more complex analysis. In order to ustend how each section works within
the modeling process, it is important to understaedconceptual framework of each
step, as well as what data are used and how tleepntagrated into ArcSWAT.

Therefore, first a general overview of the dataduee this project will be provided, and

then the three major steps of ArcSWAT preprocessiifidghe covered in depth.
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Overview of Data

A significant portion of this project involved tlwellection, organization, and
formatting of data. Prior to this project, therd dot exist a single, centralized database
that housed all available data for use in the maelvell as more general datasets that
are useful for understanding the study area andetgeant to the research topic. Data
were primarily found online from national and stkgeel governmental organizations, as
well as from universities (See the Technical Appess). All data were projected into
NAD 1983 UTM Zone 15N, as they all cover the sameaavithin Minnesota and
Wisconsin, which falls within Zone 15. Most datdlection was completed before the
SWAT model was selected; therefore further formattivas required to prepare them for
specific uses within the model. Each menu of theS\WAT extension in ArcMap
requires different data layers to run. A detaiistidf data and sources can be found in
the Technical Appendices.

As previously stated, ArcSWAT breaks preprocessitgthree main sections:
Watershed Delineation, HRU Analysis, and Weathaa@gfinition. The outputs from
these steps are then used as inputs for the SWAdIaion. Figure 3 on the following
page shows a basic flowchart of how GIS layersrdaegrated into ArcSWAT and
prepared for a simulation of the SWAT model. Thganaomponents of the model,
Watershed Delineation, HRU Analysis, and Weathdaa@&finition, are described in the

following paragraphs.
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The ‘Watershed Delineation’ section of ArcSWAT daareprocessing allows

for the formatting of data in preparation for divig the watershed into subunits. This is

particularly useful when there are distinct areéhiwthe watershed that are primarily of

one land use or soil type. Subdivision allows far tlifferentiation of these areas, so that

the associated impact on hydrology can be moreratmdy measured and studied

(Neitsch 2005). The primary division made is onghbbasin level, and is determined

based on the relative spatial location of each asibbthe direction of hydrologic flow

and the natural divisions of stream networks detezthby elevation. A digital elevation

model (DEM) is the only required dataset for thesps The DEM used for this project
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came from the USGS’ National Elevation Dataset (NEX2veral smaller DEMs were
combined into one dataset using the ‘mosaic’ tod\icinfo so that the single outputted
dataset would cover the entire study area. OriyiraDEM with ten-meter accuracy was
used, however this proved to provide an unneces$seey of detail given the size of the
study area, therefore a thirty-meter accuracy DEAS wsed instead to speed up
processing times (Jim Almendinger, personal compatiun, February 15, 2010).

Another important function of the Watershed Delii@asection is to determine
where streams are located and how they are netdavikbin the subbasin. This
information is then used to determine where sulpbasundaries are located. It is
important that this designation is fairly accunaterder to have a successful model
simulation. It is possible to determine stream fioee solely from the preloaded DEM,
but to ensure the best fit of stream networks ¢oDEM a user-supplied stream layer can
be ‘burned-in.’” For this project, the stream dagadioriginated from the National
Hydrography Dataset (NHDPIus), which is highly dletd takes into consideration
elevation data, and is known to have minimal er(BMIGTOC Web Team 2010Reach
andMonitoringPointlayers are created for the ArcSWAT-determinedastreetwork
and the inlet/outlets, respectively.

Outlet and inlet definition, along with reservolapgement, is the last major
section of Watershed Delineation. While ArcSWATeatatines the majority of stream
intersection points, some editing is required.thirsome ‘linking stream outlets’ were
deleted if they fell within a reservoir that shoblelong in a single subbasin. Secondly, a
user-supplied table of outlet locations was impbead integrated into the ArcSWAT-

determined points layer. These outlet locationsevaatermined based on the most
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downstream points of watershed boundaries that imegesected by a major stream
channel. The watershed boundary data were obt&oeddissolving the USDA-
produced HUC-8 subwatershed boundaries. HUC-8g¢bethe length of the hydrologic
unit code for a boundary file, which in this caseight digits. This serves as an
indication of the scale at which the boundariesewbstermined, with an 8-digit code
meaning ‘hydrologic cataloging units’ were used atale of 1:24,000 (“Hydrologic Unit
Information” 1998). All hydrologic boundary filesese obtained from the USDA in
order to maintain continuity between boundary deéins, which tend to vary slightly
depending on the data source. All user-suppliedtp@re added to thdonitoringPoint
layer. The outlet/inlet definition for this proje@sulted in the generation of 192
subbasins. The data used for the watershed detneaére kept constant throughout all
of the model runs, as it was assumed that the tsdevand hydrologic unit boundaries
would not change significantly over the temporalse of the project.

ArcSWAT groups lakes, reservoirs, retention pomasl other large waterbodies
under the same ‘reservoir’ category. At the endiatershed delineation, the user has the
option to designate the location of reservoirs imitach subbasin. Only one reservoir
can be added for each subbasin, so if there argpteybresent, their respective areas and
volumes must be aggregated and considered pasiofke feature. For this project, the
twenty to twenty five largest lakes/reservoirs tinéérsected the streams layer created by
ArcSWAT and fell within the St. Croix River Basimibndary were queried out of the
NHDPIlus waterbodies layer. Points were then addedt¢SWAT over the locations of

these features.
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HRU Analysis

The HRU Analysis section takes land use, soilglogde data, and divides each
subbasin into hydrologic response units, with dpecombinations of the three layers’
respective characterizations. The layer producetthisyprocess is crucial to the ultimate
analysis performed by the SWAT model, becausetédrdenes the land-soil category
assigned to each HRU. This category determineslaogvwill respond to precipitation,
runoff, infiltration and other hydrologic processkging the simulation. Each subbasin
can then have one or more major HRUs defined within

The following three datasets are required inputsife HRU Analysis section of
ArcSWAT setup: land cover, soils, and slope. Lase data were obtained from the
USGS’ 2001 National Land Cover Database (NLCD)tfat year. The 1992 NLCD
layer as well as historical data relevant for teaqu from 1970 to 1985 was also
included in the project geodatabase, although werg not used for model simulation.
ArcSWAT requires that land cover data be accomphbyea look-up table with attribute
information for each specific land cover type, @navides these tables for the 1992 and
2001 NLCD layers. Any other LULC data desired feeun the model require user-
supplied look-up tables that are formatted tohig ArcSWAT'’s requirements.

Soil data used for the SWAT model are typicallyamoed from one of two
databases produced by the National Resources GatiserService (NRCS): the
SSURGO database contains highly detailed soil ifleestsons available at the county
level, and the STATSGO database contains more glzeat classifications available at
the state level. SSURGO data is cited in the liteeaas preferable to STATSGO due to

its higher level of specification, however Pine @guin Minnesota did not have
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sufficient spatial data associated with it in tf®JRGO database at the time this project
was done. Due to the large area Pine County caveén® middle of the study area, the
SSURGO data could not be used. Therefore, the SGAI Soils layer was used for
model simulations, particularly because the spda#h and corresponding lookup table
are included with the ArcSWAT software. Howeveltisitmportant to note that the raster
file that comes with the ArcSWAT software must lvejgcted into the coordinate system
used in the project (NAD 1983 UTM Zone 15N). Adalitally, although SSURGO data
provides a greater degree of detail, which is udefusimulations in smaller watersheds,
it does not provide a significant advantage fordimeulation of large basins such as that
of the St. Croix River (Jim Almendinger, personatrenunication, February 15, 2010).
Therefore, the STATSGO data is appropriate foringhis project, although if sufficient
SSURGO data were available, they should be us¢ebidsThe last layer needed for the
HRU Analysis setup is slope, which is determin@uafrifithe DEM supplied during
watershed delineation.

Once each layer is loaded, they must be overlaitbttermine the HRU features.
For every unique combination of slope, land usesaildclass an HRU will be created,
although within the study area there can be meltiRUs with the same combination.
The user has the option to have ArcSWAT producelRb shapefile during this
process, but it is not necessary for later analyBes next step is to define how HRU
classifications will be aggregated/transferrechimgubbasin level. In order to end up
with between 500 and 1000 HRUSs in the entire stréy, as was suggested by Jim
Almendinger (personal communication, February T8,(3, the ‘Multiple HRUs’ option

was chosen for defining HRUs. This option allows tiser to select a threshold for each
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category individually, starting with land use, themil class, and finally ending with
slope. Every land use that occupies a percentatieedubbasin (or absolute area,
depending on the type of threshold chosen) this bellow the designated threshold is
removed. This is then done for soil classes angkesloThe purpose of this step is to
remove minor land uses/soil classes/slopes anadrat the number of HRUs defined in
the study area. For this project, the threshold®waanipulated uniformly until an
appropriate number of HRUs resulted. Initially,02d threshold was used, but this
proved to result in too many HRUs, so 15% was amoske final number of HRUs

produced for this project was 737.

Weather Data Definition

The final major section of preprocessing done icSWAT is ‘Weather Data
Definition’. National weather station data are éafale as part of the ArcSWAT software,
or user-provided weather data in tabular form canded. Although the ArcSWAT
software includes a national level dataset of weradlata, locally collected data from
weather gage stations within the St. Croix RivesiBand surrounding area were used to
provide greater accuracy. Weather data necessaryrining a basic SWAT simulation
are precipitation as well as maximum and minimumgeratures for each weather
station. Because precipitation is so crucial tosineulation of watershed function,
providing local precipitation data at the very keasmportant. Temperature data are also
supplied for this project.

Data were obtained from the Utah Climate Centéitah State University

(available at: <http://climate.usurf.usu.edu/prddidata.php>), and were collected by
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the National Weather Service’'s (NWS) Cooperative@ber Program (COOP). In line
with the requirements for SWAT inputs, precipitatlwas measured in millimeters and
temperature in degrees Celsius (Winchell 2009). Wavnloading data for use in the
weather tables, individual gage stations were ahbssed on their relative locations
within and around the study area, and whether iaglyconsistent levels of data available
from 1920 through 2008. The stations chosen weagbDry, Hinckley, Mora, River

Falls, Cambridge, St. Croix Falls, Spooner, Mooakd, Solon Springs, and
Cumberland. The stations located at Danbury an@®ix Falls were particularly
important, as they served as the comparison ptordata collected by the USGS (Lenz
2004). Once database setup is complete in ArcSWHeldesignated weather station

locations are added to tMonitoringPointlayer created during Watershed Delineation.

Creation of Input Files

The last step before a SWAT simulation can beisua write all of the input files
required by SWAT and produced from the preproceds¢a from ArcSWAT. Once they
are written, individual files can be edited throgltSWAT, or externally. Because it is
cumbersome to edit information for each subbassenvoir, etc. individually in
ArcSWAT, tables were linked to an Access databaseé,automatically updated based on
predetermined queries. Making edits to a seleaifdhese files is crucial to producing
more accurate SWAT simulations and outputs (Jimekidinger, personal
communication, February 15, 2010). The files updi&be this project arangtl, resand
gw (management, reservoir and groundwater input sabdspectively). Many of the

modifications aim to correct the SWAT model’s undaaggeration of soil infiltration.
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Without these changes, the base flows simulateé8VWAT are lower than actual levels,
and the peak flows are much higher than actualde®everal combinations of
modifications were tried. What follows is the bagtempt using values deemed
appropriate while meeting with Jim Almendinger mral communication, February 15,
2010).

Themgtltable contains attributes for every HRU definedrtyyHRU Analysis.
There is also amgt2table, but it is not edited, because modificatiaresrequired only if
crop rotations are taken into consideration whesigshating agricultural land types. In
themgtltable, only the ‘CN2’, or curve number, field isamged. By decreasing the
values in this field, by 25% for this project, greainfiltration is accounted for,
correcting part of the SWAT underestimation.

Therestable contains information for every reservoirigeated during
Watershed Delineation. The major change made saahie is updating the normal,
principal and emergency surface areas and voluare=ath reservoir. Normal surface
areas were collected from Lake Survey Maps fromMimnesota and Wisconsin
Departments of Natural Resources, as were the mawhanes for many
lakes/reservoirs. However, whereas the surfaceveasalways provided on these maps,
the volume was not. Therefore the missing volumeewalculated using the surface
area and calculus techniques for calculating themre of solids (using the topographic
elevation data provided on each map). The prinaipalme was calculated to be 15%
less than the corresponding normal value, andrtfegency volume was calculated to
be 15% greater than the corresponding normal v&liihin therestable, the

‘NDTARGR' field, which is the number of days it tak water to travel from the reservoir
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to the target storage, is also modified (NietscO0For this project, ‘'NDTARGR’ was
set to 2 for every reservoir. Another specificdidhat is edited is ‘RES_K’, which was
set to 0.3. ‘RES_K’ is the capacity of the resenbattom to allow water to move
through it (Nietsch 2004).

Thegw table holds ground water information, includingliration specifications.
The values in three fields are updated in thisetabhe first is ‘RCHRG_DP’, which is
the deep aquifer percolation fraction (Nietsch 20T4is accounts for the amount of
water that disappears from the system into the dgepger, with values between 0.0 and
1.0. For this project, ‘RCHRG_DP’ is set to 0.3eT8econd field that is updated is
‘GW_DELAY’, which is the number of days it takes t@ato leave the lowest soil profile
to get to the water table (Jim AlImendinger, personaespondence, February 15, 2010).
For this project, ‘GW_DELAY’ was set to 15. Thetdgld in thegw table that was
modified was ‘ALPHA_BF’, which explains the resperiand has to recharge, with
larger values representing a quicker responsesezala of 0.0-1.0 (Nietsch 2004). For
this project, ‘ALPHA_BF’ was set to 0.3. Changirgstvalue results in a change in the
steepness of the declines from peak flows to Hasesf(shrinking or stretching).

Through modifying the input tables, the user hasimmore control over how the
results of model simulations will look. No modekismpletely accurate, so using
external data and manually modifying parametemmportant to ensure a more accurate
simulation of real-world systems. After tables apelated, they must be rewritten into the
ASCII format required by the SWAT model for inputghich is done by ArcSWAT
(Winchell 2009). This command can be found in tdit SWAT Input’ menu as

‘Rewrite SWAT Input Files.’
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iii. Analysis Methods Using SWAT

Based on available data, analyses were performedmpare the streamflow
rates at Danbury and St. Croix Falls gage statioesch other, and to the USGS data.
Parameters were tweaked to create the base scemhith attempts to simulate real,

observed conditions.

Base Scenario

The base scenario runs for the six-year periath 2600 to 2005. It was found
that starting the simulation in 1999 rather thaB000 produced better, more complete
streamflow data for early 2000, so the simulati@s\actually started in 1999, while only
data from 2000 on was graphed and included indkelts. This was determined after
several model runs, where it became apparenthibahbdel required some time to warm
up before more accurate results could be obtaifleel NLCD 2001 was used, as it is the
most accurate LULC data available. The parametelesaliscussed i@reation of Inputs
(underii. Data and ArcSWAT Preprocessimgthe Methodology section) were set to
corresponding values found in that section. In otdebtain more detailed results, a
daily time-step was selected. Once the simulatias mn, output tables were uploaded
into a database and linked to a second Accessat@atwhere pertinent information was

selected out and graphed.
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iv. Presentation of Data in Results Section

The results of the model simulations for the Dagland St. Croix Falls gage
stations were compared to the USGS data collectetthé same two stations for the 2004
report (see Lenz 2004). This was done in ordestabdish the credibility of the model
results. Modeled streamflow information was detewedifrom the “Flow_out” field for
each subbasin. For this project, only the streamnflata at the Danbury and St. Croix
Falls gage stations were considered. Data aremgesbéor each station in graphical form
by day for each year of interest, as well as aggeshinto monthly averages over the

five-year period. A series of summary tables is @ivided.
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VI. Problems and Limitations

Prior to analyzing the results of the SWAT simuas, it is important to discuss
the problems and limitations encountered duringcthwse of this project. The original
goal was to provide a spatial and temporal comparid streamflow data within the St.
Croix River Basin, looking at changes in upstreandownstream reaches of the river
over the past century. This ended up being largrlisited, due to limitations placed on
the project by data quality and availability, adlas flow calculation errors within
SWAT. As mentioned earlier, establishing a subshbase for future analysis, as well
as understanding how SWAT works and can be appi¢iais project became the focus

of this project.

Data Availability & Quality

One of the major limitations of this project was tjuality and availability of data
pivotal to accomplishing model simulations of laswer changes and streamflow.
LULC data was the main issue. In order to accuyateimpare the changes in land uses
within the basin over time, an accurate set of dats pivotal. However, the most
accurate and recent dataset of this nature isG@& RLCD, which differs drastically in
how it categorizes land cover from the next moséne¢ dataset, the 1992 NLCD (even
though they were both compiled by the USGS). A canspn of these datasets has the
capability of producing inaccuracies due to théedénce in categorization schemes
underlying them. Additionally, the oldest histotlitand cover dataset found was only
relevant for the time period from 1970 to 1985, #melscheme used to categorize land

cover was further simplified and dissimilar to tbhthe NLCD layers. Because of the
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central importance of LULC data to the comparisbohanges in land cover within the
basin over time, the lack of available data of aststent and appropriate quality
critically hindered the extent to which land coebange over the past century could be
guantified in its effect on streamflow.

Another source of data issues was the lack of @viailspatial SSURGO soil data
for the entire study area. As previously stated, SSURGO dataset provides much
greater detail than the STATSGO dataset. The reeadd STATSGO data may have
resulted in a loss of accuracy in the infiltrateamulated by SWAT based on the
dataset’s generalized soil categorization scheme.SSURGO data are currently being

updated and could be utilized for future research.

SWAT Flow Calculation Errors

SWAT is a widely accepted model that is often zgidl for applications similar to
the subject of this project. However, no model ithaut its shortcomings. Between the
2000 and 2005 versions of SWAT, several changes made to compensate for some of
these shortcomings, but there are still remainimodplems with its simulation of real-
world watershed function. The main issue with SW&itountered in this project,
centers on inaccurate flow estimation. This wasifban both a spatial and temporal
level. While the SWAT model generally underestiratgeamflow at the upstream gage
station at Danbury, it dramatically overestimatedanflow at the downstream gage
station at St. Croix Falls. This could be the reetikeveral factors. It is hypothesized in
this paper that the inaccuracies in the streamflata are largely the result of an

underestimation and general miscalculation oftirdilon, which SWAT has been noted
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as having issues with (Almendinger 2007). Accordmélmendinger, the preprocessing
of data in ArcSWAT is responsible for some of thpeablems.

An additional issue involves closed depressionschvare remnants of the glacial
history of the Upper-Midwestern study area, aréetdi during DEM processing in the
Watershed Delineation step to aid in the deternunaif subbasin boundaries
(Almendinger 2007). The loss of these depressiesslts in the disregard for the water
that enters them and continues on to contributggdandwater recharge. One way to
account for this is to edit the Ponds and Wetlaallk, which allows for the allocation of
portions of the surface water to drainage intoegitnpond or a wetland — SWAT allows
for one of each per subbasin (Almendinger 2007 uthe presence of significant
wetland areas in the lower portion of the St. CiRixer Basin (see Figure 2), allocating
ponds and wetlands could produce much more acclasids.

A second means of obtaining more accurate infittreits to fine-tune the
reservoirs within the study area. For this projapproximately twenty of the largest
lakes/reservoirs were included. However, the volofrground half of these waterbodies
was estimated, and the size cutoff that determimeldsion was arbitrarily chosen. It is
possible that adding more waterbodies would imptbeeestimation of infiltration and
hydrologic functions within the model. Additionallthe emergency and principal
volumes were estimated to be 15% greater thanemsdtthan the regular volume,
respectively. Obtaining and using actual valuegHese fields could also improve
accuracy. The proposed solutions to the limitatiexydained in this section were not
incorporated into the final SWAT simulation forghproject, but could be useful for

future research, as is discussed in the conclusiectson of this paper.



50

VIl. Results and Discussion

The SWAT model outputs include four main summab}dsa of information for
the subbasins, HRUs, reaches and resenaitpt.suboutput.hry output.rchand
output.resrespectively). When using ArcSWAT these tablesloaloaded into a
Microsoft Access database for analysis purposes tfée model simulation is complete.
The output table utilized for this project was teaches tableo(tput.rcl). There are two
parts to the results of this project. The firsttpsua database with all of the data collected
and formatted for use in the SWAT model, as weB@wme additional data that provide
background information. These data are detailédenTechnical Appendices. The other
part of the results contains the outputs of the SWodel simulations, which are
organized in summary tables and graphs. All vainéie tables and graphs are in cubic

feet per second (cfs orf).

i. Discussion of Graphs

The graphs in this section are the comparison g8 Streamflow data to the
streamflow data simulated by the SWAT model atDbebury and St. Croix Falls gage
stations, which were built into the model as subvbastlets. Simulations were run from
1999 to 2004, with only data from the years 20004£8§raphed. This was done because
the first few months of data in 1999 had loweratnéow values than would be
expected; therefore a buffer of one year was gbefore outputs were analyzed. Overall,
the streamflow data simulated by the SWAT modelendraracterized by lower base
flows and significantly higher peak flows than titeserved streamflow data collected by

the USGS. The overarching trends of the simulatgd do generally match the observed
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data closely, although often at different magnisudéhe SWAT streamflow data for the
Danbury site matched the USGS streamflow data rbaetter than that of the St. Croix
Falls site. Namely, at the St. Croix Falls site, SWsimulated many more extreme peaks

at much higher magnitudes than the USGS data redord

Monthly Mean Flows

At the St. Croix Falls station, the peak in the SWdata occurs in June, while the
peak in the USGS data occurs in April. Overall, BWAT model underestimated the
mean monthly flows at Danbury compared with whas$ wecorded by the USGS, and
overestimated the mean monthly flows at St. Cra@iltsi- At both stations, base flows
were underestimated and peak flows were overegttnaidditionally, annual trends in
peak flows in the simulated data at St. Croix Halled up less consistently with the
USGS data than it did at Danbury. Table 2 showstleeage monthly streamflow
comparison between Danbury and St. Croix Fallgfmh month across the five year
time period from 2000-2004. Averages are calculfnedtreamflow data simulated by
the SWAT model and the streamflow data recordethbyJSGS. The SWAT mean
flows at Danbury are always lower than is refledtethe USGS data, while at St. Croix
Falls they are much higher — at the least theylauble the USGS mean flows, and as
much as ten times more. Graph 1 shows the mearhigdluws at Danbury for both the
USGS and SWAT streamflow data over the five-yeaiopefrom 2000-2004. Graph 2
shows the same information for St. Croix Falls.s&en in the graphs and Table 2,
average streamflow peaks occur earlier in the geBranbury, as is reflected in the

USGS data, and peaks at St. Croix Falls appea tubhed to later in the year. This is
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also reflected in Tables 3 and 4, which show thgimam and minimum daily flows at
Danbury and St. Croix Falls, respectively, for egehr of data collection. Values are
calculated for both the SWAT and USGS data. As sedéme two tables, there is a large
degree of difference within the SWAT data, bothaeetn the maximum and minimum
values for each year, and between years. Thishikiyas not seen to the same degree in
the USGS data. Tables 3 and 4 also reflect thelsrentiming of peak flows seen in
Graphs 1 and 2, with average maximum flows at Danbacurring in line with what is
seen in the USGS data, and with average maximunsféd St. Croix Falls occurring

later in the year.

The reason for this disparity is not completelyacldhowever some hypotheses
are proposed here. Firstly, it could be due tddlsethat Danbury is located further
upstream, with fewer tributaries intersecting tr@mthannel above the station, while St.
Croix Falls is located much further downstreamhwitany tributaries and major
channels intersecting the main channel above #imst If the SWAT model is
miscalculating flow and infiltration, the errorsesein the Danbury data could be
exacerbated in the St. Croix data due to a snowlffeitt. Secondly, land cover is much
different upstream of the Danbury than it is betwBanbury and St. Croix Falls, as is

discussed in th8tudy Area Overviewection of this paper.
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Summary Tables

Table 2 — Monthly Mean Flow Comparison for 2000-204 (cfs)

Month Mean Flow (cfs) - Danbury Mean Flow (cfs) - St. Croix Falls
ont SWAT USGS SWAT USGS
January 145.80 879.74 5,144.78 2,293.55
February 118.09 916.34 4,426.71 2,366.55
March 186.33 1,216.32 6,515.95 3,930.13
April 810.36 2,559.34 18,559.49 12,413.18
May 644.20 2,066.32 51,482.77 8,916.19
June 665.42 1,478.41 67,020.22 6,726.73
July 709.88 1,221.70 38,689.52 5,238.06
August 589.29 1,039.57 26,936.66 3,391.03
September 547.93 984.75 21,672.68 3,307.53
October 500.17 1,165.21 22,434.82 3,795.81
November 352.54 1,216.88 11,196.35 4,071.53
December 200.34 1,004.26 6,329.48 2,919.61
Table 3 — Danbury Maximum and Minimum Flow Comparison (cfs)
Danbury — 2000-2004
SWAT USGS
Year . . - .
Maximum Minimum Maximum Minimum
2000 5,809.26 24.82 2,420.00 571.00
2001 18,349.50 19.65 10,600.00 750.00
2002 10,043.49 103.40 7,360.00 800.00
2003 4,855.77 62.08 4,690.00 593.00
2004 4,876.96 25.03 4,030.00 680.00

Table 4 — St. Croix Falls Maximum and Minimum FlowComparison (cfs)

St. Croix Falls — 2000-2004
SWAT USGS
Year . - - —
Maximum Minimum Maximum Minimum
2000 247,485.18 2,253.08 8,690.00 1,510.00
2001 406,118.67 2,323.00 59,500.00 1,770.00
2002 407,531.25 4,375.49 32,300.00 1,940.00
2003 449,555.71 4,763.95 22,200.00 1,690.00
2004 483,810.93 2,727.35 21,400.00 1,650.00




Mean Flow Graphs — Danbury & St. Croix Falls
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Danbury

Graphs 3-7 on the following five pages show theasthflow data recorded by the
USGS and the streamflow data simulated by the SWhadlel at the Danbury gage
station for the years 2000-2004, respectively. @\ethe timing of the peak and base
flows observed in the SWAT results match the tinohtghe peak and base flows seen in
the USGS data. However, for both peak and basesfldve magnitude is off. The
simulation produced streamflow data with peak fldiagt are often significantly higher
than those observed in the USGS data. Conver$g\situlation produced base flows
that are always lower than the USGS data showsul§ied data for the years 2001 and
2002 (Graphs 4 and 5, respectively) most closelcheal the trends of the actual
streamflow data compared to the other years. FO8 20d 2004, the simulated
streamflow data have many more peaks, with the miax flows occurring later in the
year than those in the USGS data. In 2003, themmaxi flow occurs in late September
instead of in mid-May. In 2004, the maximum flowcacs at the very end of July instead
of in late April. On average, the maximum mean pié@ak occurred in April, which was

the same for the USGS streamflow data, as seeabile® and Graph 1.
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Danbury — Graphs for Individual Years
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St. Croix Falls

Graphs 8-12 on the following five pages show tiheashflow data recorded by
the USGS and the streamflow data simulated by WA BEmodel at the St. Croix Falls
gage station for the years 2000-2004, respectivdlg. USGS and SWAT data are on
separate axes, due to the magnitude differencs.i$lgione so that discounting
magnitude, general trends in timing of peak ane h@svs can be matched up more
effectively. Compared with the simulated streamfldata at the Danbury station, the data
for the St. Croix Falls station had much more Mality between base and peak flows, as
well as more generally in relation to the data rded by the USGS. Although the timing
of major peaks lines up some of the time, thabistine overarching trend.

Unlike the streamflow simulated at Danbury, theatnflow data for St. Croix
Falls does not on average match up with the USGS Bata from 2001, shown in
Graph 9, most closely matches the USGS data. Haweven in that year several peaks
occur in later months, when USGS data shows aitapeff of flows. For example,
SWAT data shows significant peaks in June, latg, &rid August. In 2002, streamflow
generally builds until July, when it peaks befoverually tapering off in the second half
of the year, as seen in Graph 10. Whereas the Wa@Sshows that the peak monthly
mean flow occurs in April, the SWAT data suggebktt bn average it occurs in June.
This can be seen in Table 2 and Graph 2. Grapb@2gives an excellent visual of how
monthly mean flows appear to be shifted to occgrtater in the year. Additionally, the
magnitude of the SWAT data at St. Croix Falls iases positively from 2000 to 2004,
whereas the magnitude of the USGS data reachieigitest peaks in 2001 and then

decreases through 2004. These results paired lathrtowledge of the SWAT model
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errors raise interesting questions for why there dssparity between simulated and
actual dataSuggestions for Future ReseaiaitheConclusionssection addresses these

guestions.



63

0000 _ \ { W, _ \J 000's

00008 0000T

000°0CT 000'ST

VMS —
SOsSN—

000091 00007

(s40) uiseqqns wouy MOINO LYMS
(sy2) urseqqns woiy MojINO SOSN

000002 000°ST

000°0C 000°0€

000082 000°SE
0002 ‘slied x104) 1S

ojjweans Ajleg S9SN pue | YMS 0 uosuedwo)

St. Croix Falls — Graphs for Individual Years

8 ydeio



64

VMS —
SOsSN—

(s32) uiseqqns wouy MojINO LYMS

00009

0000ZT

00008T

000'0v

00000€

00009€

0000zt

00001

00007

—

000°0€

00007

() uiseqans wouy moINO SOSN

00005

00009

100 ‘slied X104 “1S
ojjweans Ajleg S9SN pue | yYMS 0 uosuedwo)

000°0L

6 ydelo




65

VMS —
SOsSN—

(s32) uiseqqns wouy MojINO LYMS

00009

0000ZT

00008T

000'0v

000°00€

000°09€

0000zt

290 AON PO das Sny Inf unr Aey

ady

JeN

994

uer

00001

00007

000°0€

00007

() uiseqans wouy moINO SOSN

00005

00009

200¢ ‘slied x1043 1S
ojjweans Ajleg S9SN pue | YMS 0 uosuedwo)

000°0L

0T ydeis




66

VMS —
SOsSN—

(s32) uiseqqns wouy MojINO LYMS

000°0L

000°0vT

000012

000082

000°0S€

000°0¢t

00006

;_z_z

00007

000°0€

00007

() uiseqans wouy moINO SOSN

00005

00009

000°0L

€00¢ ‘slied x104) "1
ojjweans Ajleg S9SN pue | yYMS 0 uosuedwo)

TT ydeio




67

VMS —
SOsSN—

(s32) uiseqqns wouy MojINO LYMS

000°0L

000°0¥T

000012

000082

000°0S€

00002t

00006

23Q

AON

PO das Sny Inf unr Aey

00001

00007

000°0€

00007

() uiseqans wouy moINO SOSN

00005

00009

¥00¢ ‘slied x1043 1S
ojjweans Ajleg S9SN pue | YMS 0 uosuedwo)

000°0L

2T ydei




68

ii. Revisiting the Research Question

As stated at the beginning of this paper, the rebleguestion behind this project
was: How are changes in land use, urbanizatiosgpiee of impervious surfaces, and
population affecting runoff and streamflow in thie Sroix River Basin? This project
sought to address this question through the uaehgtirologic model, the Soil and Water
Assessment Tool, in conjunction with GIS to modhel telationship between
anthropogenic changes to the landscape and stmaniflwas hypothesized in
accordance with suggestions made in the USGS régmtLenz 2004) that over the past
century streamflow had increased at the downsti®ar@roix Falls gage station while
remaining relatively stable at the upstream Danlgaye station due to changes in land
cover in this period. In order to evaluate this diyy@sis, a temporal comparison of
streamflow rates at the Danbury and St. Croix Ffi§ons spanning the last century was
to be completed. However, answering this queshatsioriginal form became infeasible
for a number of reasons, including data unavaitgaind errors in the flow calculations
done by SWAT. Instead, this project focuses moréooming an understanding of the
usefulness of the SWAT model for such an applicatis well as on establishing the data

and resources necessary to carrying out the otigiméended analysis.
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VIII. Conclusion

The St. Croix River Basin has seen dramatic chaagesthe past century.
Logging, agricultural development, and restorapoojects have all in turn resulted in
alterations not only to the land, but also to tkierrsystems and hydrologic functions of
the basin. The protection of the St. Croix NatidBe¢nic Riverway necessitates research
on all aspects of the river system to ensure ctiened future development doesn’t
adversely impact the river’s health. This papergrasented a history of the St. Croix
River Basin, analyzed the literature on the hydym@ffects of logging and damming,
and provided a thorough overview of the SWAT maadl its limitations. The scope and
timeline of this project restricted the completmints original goals — namely the lack of
accurate land cover data going back to the beginoithe 28 Century made a temporal
analysis of streamflow change over time infeasiBbiditionally, the scope of this project
didn’t allow for implementation of many additiorfaltures of SWAT that may increase
the effectiveness of the model at simulating theC8bix River system. These include
taking into consideration crop rotation in land gbaracterization, defining
ponds/wetlands in appropriate subbasins, updatidgeapanding reservoir/waterbody
definition, and further manipulating parameters.discussed in th®lethodologyand
Results and Discussi@ections, this project ultimately focused on depilg an
understanding of the study area through the estabknt of an extensive database, and
on the usefulness of hydrologic models, particyldre Soil and Water Assessment Tool,

in evaluating the effects of land use change aastflow in the St. Croix River Basin.
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i. Contributions of this Project

This project made important contributions to theenstanding of the role
surrounding river networks play in the preservatbthe St. Croix River. Prior to this
project, there did not exist a comprehensive dabaeful not only to a general spatial
understanding of the basin and its hydrologic fiom, but also to the successful
modeling of those functions. All data are uniforrfdymatted where appropriate, contain
up-to-date metadata and are catalogued, so that#mebe easily accessed by future
researchers, or by people who are generally irteteés understanding more about the
area.

In order to use the outputs of the SWAT model agans of explaining the
changes in streamflow data recorded by the USG8&theeyast century, without having
access to data going back that far in time, alteranethodology should be used. By
manually manipulating land cover variables to idelunore urban/developed coverage or
less forest coverage, the hypothesis in the 2008®J&port that land cover change is
causing the disparity in streamflow in upstreamdesvnstream reaches could be

effectively analyzed.

ii. Suggestions for Further Research

An important part of this project was identifyingva answering the research
guestions was complicated by the quality and alvditia of data, as well as by errors
within SWAT itself. These limitations and problemsre discussed in depth in the
Problems and Limitationsection. As mentioned in that section, the lancecadata

caused many issues. Within the scope of this prdjesas not feasible to create versions
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of the NLCD layers that could be compared to edbkroNor was it feasible to derive a
version of the historical land cover dataset wittategorization scheme comparable to
the NLCD datasets. In order to use the SWAT maoaleMiluate the effect of LULC
change over the past century, not only would sletdbtasets relevant to the beginning
of the twentieth century need to be acquired, lurtiborm categorization scheme would
need to be established for all LULC datasets used.

Additionally, the SWAT alterations cited by Almendier (2007) as conducive to
more accurate results should be incorporated rgartodel. Proposed methods/solutions
include: determining the percentage of alternadigecultural cover out of total, loosely
defined, agricultural land and then accountingaifelfa and corn-soybean crop rotation
cycles; utilization of ponds/wetlands definitiomdain general, more extensive fine-
tuning of model parameters. Finding a more accuegiesentation of natural streamflow
patterns and magnitudes using SWAT would requiesdlthanges to be made. Crop
rotations should be determined based on the pagestf main variations in types of
crops found in the study area instead of usingydreeric category typically assigned to
the majority of agricultural land. This should rit$n a more accurate response of areas
with an agricultural land cover to water (Almend&n@005). To further account for more
accurate rates of infiltration, the ponds and wettatable should be updated to reflect the
prevalence of these features in the study areahenidnportant hydrologic functions they
perform.

Lastly, an alternative to using historical datgtovide the temporal comparison
of the effects of land use changes on streamflavidcoe to manually alter the

percentages of land covers of particular interdsmsetting up a model simulation. One
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of the central inspirations for this project was #2004 USGS report (see Lenz 2004), and
as is stated earlier it is hypothesized within tlegiort that the changes in streamflow
experienced at the St. Croix Falls station wagésalt of land cover change. Namely, an
increase in urban/developed land, an increaseriouwiyral land and a decrease in
forested land were signaled as possible causarfacio explore the possibility of such a
relationship between land cover change and streandkisting, the percentage of these
land uses within the study area could be manuatiseased or decreased. Therefore,
instead of trying to recreate historic conditiorenf inaccurate LULC data, the effect of
land cover changes experienced over the last gea&ur be quantified based on manual
alteration of land cover percentages. Based owtrk done in this project, more
comprehensive analyses of the St. Croix River Beamdone, furthering the hydrologic

understanding of the area.
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X.  Technical Appendices — Description of Data

The Technical Appendices contain listings fordalta included in the final project
geodatabase. The first part to this section iswuline of how the geodatabase is
organized. The second part is the technical apgdadspatial data, and finally the third

part is the technical appendix for tabular data.

Organizational Flowchart

ESRI_Data

Documents
Counties_Metadata.xml
MNWI_States Metadata.xml
States_Metadata.xml
StCroix_Counties_Metadata.xml

Spatial
MNWI_Counties.shp
MNWI_Counties_Erase.shp
MNWI_States.shp
North_America_Background.shp
States.shp

StCroixBasin_Counties.shp

LMIC Data
Documents
MN_Rivers_Metadata.xml
Spatial
MN_Rivers.shp



NHDPIlus_Data
Documents
NHDPIlus_Metadata.xml
Stream_Gages_Metadata.xml
Spatial
-Drainage
Catchment.shp
Catchment_StCroixBasin.shp
-Flow
fac_stcroix
fac_utm
fdr_stcroix
fdr_utm
-Hydrography
NHD_Area.shp
NHD_Area_StCroixBasin.shp
NHD_Flowline.shp
NHD_Flowline_StCroixBasin.shp
NHD_Line.shp
NHD_Line_StCroixBasin.shp
NHD_Waterbody.shp
NHD_Waterbody LakePond_StCroix.shp
NHD_Waterbody StCroix_Largest.shp
-Stream_Gage
Stream_Gages.shp
Stream_Gages_StCroixBasin.shp
Tabular
Catchment_Attributes.dbf
Flowline_Attributes_ NLCD.dbf
Flowline_Attributes_ Temp_Precip.dbf
Headwater Node Area.dbf
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NRCS_Data
SSURGO
-Documents
MNWI_Soil_Metadata.xml
-Spatial
MNWI_Soil_Survey Area Boundary.shp
mnwi_ssurgo
MNWI_SSURGO.shp
MNWI_SSURGO_STATSGO.shp
-State_Data
MN_SSURGO
--County_Data
Aitkin_Soils_2008 (*all further county soilslfiers have same files)
-Documents
Aitkin_Soil_Metadata.xml
readme.txt
-Spatial
Aitkin_Soil_Survey_ Area_Boundary.shp
Aitkin_SSURGO.shp
-Tabular
-Zipped_Files
Anoka_Soils_2008
Benton_Soils_2008
Carlton_Soils_2009
Chisago_Soils_2008
CrowWing_Soils_2006
Dakota_Soils_2008
Goodhue_Soils_2008
Hennepin_Soils_2008
Isanti_Soils_2008
Kanabec_Soils_2008



MilleLacs_Soils_2009
Morrison_Soils_2009
Pine_Soils_2006
Ramsey_Soils 2008
Sherburne_Soils_2009
StLouis_Soils_2008
Washington_Soils_2009
Wright_Soils_2008

--Documents
MN_Soil_Metadata.xml

--Spatial
MN_Soil_Survey_Area_Boundary.shp
MN_SSURGO.shp

--Tabular
MN_Aitkin_soildb_2003.mdb
MN_Anoka_soildb_2003.mdb
MN_Benton_soildb_2003.mdb
MN_ Carlton_soildb_2003.mdb
MN_Chisago_soildb_2003.mdb
MN_CrowWing_soildb_2003.mdb
MN_Dakota_soildb_2003.mdb
MN_Goodhue_soildb _2003.mdb
MN_Hennepin_soildb_2003.mdb
MN_Isanti_soildb_2003.mdb
MN_Kanabec_soildb_2003.mdb
MN_MilleLacs_soildb_2003.mdb
MN_Morrison_soildb_2003.mdb
MN_Pine_soildb_2003.mdb
MN_Ramsey_soildb_2003.mdb
MN_Sherburne_soildb_2003.mdb
MN_soildb_2003.mdb
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MN _StLouis_soildb_2003.mdb
MN_Washington_soildb_2003.mdb
MN_Wright_soildb_2003.mdb
WI_SSURGO
--County_Data
Ashland_Soils_2009 (*all further county sdidéders have same files)
-Documents
Ashland_Soil_Metadata.xml
readme.txt
-Spatial
Ashland_Soil_Survey Area Boundary.shp
Ashland_SSURGO.shp
-Tabular
-Zipped_Files
Barron_Soils_2009
Bayfield_Soils 2009
Burnett_Soils_2009
Douglas_Soils_2008
Dunn_Soils_2009
Pierce_Soils_2009
Polk_Soils_2009
Rusk_Soils_2009
Sawyer_Soils_2009
StCroix_Soils_2009
Washburn_Soils_2008
--Documents
WI_Soil_Metadata.xml
--Spatial
WI_Soil_Survey_Area_Boundary.shp
WI_SSURGO.shp



--Tabular
WI_Ashland_soildb_2002.mdb
WI_Barron_soildb_2002.mdb
WI_Bayfield_soildb_2002.mdb
WI_Burnett_soildb_2002.mdb
WI_Douglas_soildb_2002.mdb
WI_Dunn_soildb_2002.mdb
WI_Pierce_soildb_2002.mdb
WI_Polk_soildb_2002.mdb
WI_Rusk_soildb_2002.mdb
WI_Sawyer_soildb_2002.mdb
WI_StCroix_soildb_2002.mdb
WI_Washburn_soildb_2002.mdb

STATSGO
-ArcSWAT _Data
Spatial
statsgo_grd
Tabular
-Documents
MNWI_Soil_Metadata.xml
-Spatial
Missing_SSURGO_Counties_Map.shp
Missing_SSURGO_Map.shp
Missing_General_Soil_Map.shp
-State_Data
MN_STATSGO

--Documents
MN_Soil_Metadata.xml
readme.txt
version.txt

--Spatial
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MN_General_Soil_Map.shp
--Tabular
--Zipped_Files
WI_STATSGO
--Documents
readme.txt
version.txt
WI_Soil_Metadata.xml

--Spatial
WI_General_Soil_Map.shp
--Tabular
--Zipped_Files
USDA_Data
Documents

HUC_ 250k _Metadata.xml
WBD_HU8_ReadMe.txt
WBD_Metadata.xml
WBD_ReadMe.txt

Spatial

HUC_250k.shp
StCroix_Basin_Boundary.shp
StCroix_Basin_Boundary_15mi_Buffer.shp
StCroix_Subbasin_Boundary.shp
StCroix_Subbasin_Boundary_15mi.shp
StCroix_Watershed_Boundary.shp
Subbasin_Boundary.shp
Subwatershed_Boundary.shp
Watershed_Outlets.shp

Tabular

SWAT_ Watershed Outlets.dbf



Zipped_Files
USGS_Data
Land_Cover
-Historic_1970-1985
Documents
Historic_Metadata.xml
Spatial
hist_landcov
hist_stcroix
Historic_Land_Cover.shp
Historic_Land_Cover_StCroixBasin.shp
Tabular
historicaltables.xls
Zipped_Files
-NLCD_1992
Documents
Spatial
nicd1992_ utm
Zipped_Files
-NLCD_2001
Documents
Spatial
nlcd2001
Zipped_Files

USU_Data
Spatial
Weather_Stations.shp
Tabular
-Precipitation
Cmbrdg.dbf
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Cmbrind.dbf
Danbury.dbf
Hinckley.dbf
MooseLk.dbf
Mora.dbf
RvrFalls.dbf
SInSpngs.dbf
Spooner.dbf
StCrxFls.dbf
Weather_Stations.dbf
-Precipitation
Cmbrdg.dbf
Cmbrind.dbf
Danbury.dbf
Hinckley.dbf
MooseLk.dbf
Mora.dbf
RvrFalls.dbf
SInSpngs.dbf
Spooner.dbf
StCrxFls.dbf
Weather_Stations.dbf
Precipitation.xls
Temperature.xls
USUCIimateData.xIsx
Weather_Stations.dbf



WIDNR_Data

Documents
MNWI_Rivers_Metadata.xml
WI_Rivers_Metadata.xml

Spatial
Clam_River.shp
MNWI_Rivers.shp
Namekagon_River.shp
StCroix_River.shp
Trade_River.shp
WI_Rivers.shp
Wood_River.shp
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Layer Name

Type Source

Technical Appendix
Spatial Data

Date

Additional Formatting

Description

Aitkin Soil Survey Area Boundary.shp

Aitkin SSURGO.shp

Anoka Soil Survey Area Boundary.shp

Anoka_SSURGO.shp

Ashland Soil Survey Area Boundary.shp

Ashland SSURGO.shp

Barron_Soil Survey Area Boundary.shp

Barron SSURGO.shp

Bayfield Soil Survey Area Boundary.shp

Bayfield SSURGO.shp

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

NRCS

NRCS

NRCS

NRCS

NRCS

NRCS

NRCS

NRCS

NRCS

NRCS

2007-

2008°
2007-

2008"
2004-

2008°
2004-

2008"
2006-

2009°
2006-

2009
1999-

2009°
1999-

2009
2005-

2009°
2005-

2009°

Projected

Projected

Projected

Projected

Projected

Projected

Projected

Projected

Projected

Projected

Soil survey area boundary (a single polygon)
for Aitkin County in Minnesota

SSURGO map units for Aitkin County in
Minnesota

Soil survey area boundary (a single polygon)
for Anoka County in Minnesota

SSURGO map units for Anoka County in
Minnesota

Soil survey area boundary (a single polygon)
for Ashland County in Wisconsin

SSURGO map units for Ashland County in
Wisconsin

Soil survey area boundary (a single polygon)
for Barron County in Wisconsin

SSURGO map units for Barron County in
Wisconsin

Soil survey area boundary (a single polygon)
for Bayfield County in Wisconsin

SSURGO map units for Bayfield County in
Wisconsin



Benton_Soil Survey Area Boundary.shp

Benton SSURGO.shp

Burnett Soil Survey Area Boundary.shp

Burnett SSURGO.shp

Carlton_Soil Survey Area Boundary.shp

Carlton SSURGO.shp

Catchment_StCroixBasin.shp

Catchments.shp

Chisago Soil Survey Area Boundary.shp

Chisago SSURGO.shp

Clam_River.shp

Dakota Soil Survey Area Boundary.shp

Dakota SSURGO.shp

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

Shapefile

NRCS

NRCS

NRCS

NRCS

NRCS

NRCS

NHDPlus

NHDPlus

NRCS

NRCS

WIDNR

NRCS

NRCS

2007-

2008°
2007-

2008"
2004-

2009°
2004-

2009
2006-

2009°
2006-

2009°

2005*

2005

2003-

2008°
2003-

2008"
1994

2006-

2008"
2006-

2008°

Projected

Projected

Projected

Projected

Projected

Projected

Clipped from Catchments.shp using
StCroix_Basin_Boundary 15mi_Buffer.shp

None

Projected

Projected

Clipped from WIDNR Rivers layer (not
included in database) and projected

Projected

Projected

Soil survey area boundary (a single polygon)
for Benton County in Minnesota

SSURGO map units for Benton County in
Minnesota

Soil survey area boundary (a single polygon)
for Burnett County in Wisconsin

SSURGO map units for Burnett County in
Wisconsin

Soil survey area boundary (a single polygon)
for Carlton County in Minnesota

SSURGO map units for Carlton County in
Minnesota

Catchment boundaries within a 15mi radius
of the St. Croix River Basin

Catchment boundaries for NHDPlus04 and
07

Soil survey area boundary (a single polygon)
for Chisago County in Minnesota

SSURGO map units for Chisago County in
Minnesota

Clam River, from Louise Sharrow's work in
the Summer of 2008

Soil survey area boundary (a single polygon)
for Dakota County in Minnesota

SSURGO map units for Dakota County in
Minnesota



dem 30m

Douglas_Soil Survey Area Boundary.shp

Douglas SSURGO.shp

Dunn_Soil Survey Area Boundary.shp

Dunn_ SSURGO.shp

fac_stcroix

fac utm

fdr_stcroix

fdr utm

Goodhue Soil Survey Area Boundary.shp

Goodhue SSURGO.shp

Hennepin_Soil Survey Area Boundary.shp

Hennepin SSURGO.shp

Raster
GRID

Shapefile

Shapefile

Shapefile

Shapefile

Raster
GRID

Raster
GRID

Raster
GRID

Raster
GRID

Shapefile

Shapefile

Shapefile

Shapefile

USGS

NRCS

NRCS

NRCS

NRCS

NHDPlus

NHDPlus

NHDPlus

NHDPlus

NRCS

NRCS

NRCS

NRCS

2005-

2008°
2005-

2008"
2003-

2009°
2003-

2009°

2005*

2005*

2005*

2005*

2007-

2008°
2007-

2008"
2002-

2008°
2002-

2008"

Mosaiced smaller DEMs, projected with 30
meter grid size selected

Projected

Projected

Projected

Projected

Clipped from fac_utm using
StCroix_Basin_Boundary 15mi_Buffer.shp

Mosaiced' from NHDPlus04 and 07, projected

Clipped from fdr utm using
StCroix_Basin_Boundary 15mi_Buffer.shp

Mosaiced' from NHDPlus04 and 07, projected

Projected

Projected

Projected

Projected

30-meter accuracy DEM covering the St.
Croix River Basin

Soil survey area boundary (a single polygon)
for Douglas County in Wisconsin

SSURGO map units for Douglas County in
Wisconsin

Soil survey area boundary (a single polygon)
for Dunn County in Wisconsin

SSURGO map units for Dunn County in
Wisconsin

Flow accumulation raster GRID dataset for
the St. Croix River Basin

Flow accumulation raster GRID dataset for
NHDPIlus04 and 07

Flow direction raster GRID dataset for the
St. Croix River Basin

Flow direction raster GRID dataset for
NHDPIlus04 and 07

Soil survey area boundary (a single polygon)
for Goodhue County in Minnesota

SSURGO map units for Goodhue County in
Minnesota

Soil survey area boundary (a single polygon)
for Hennepin County in Minnesota

SSURGO map units for Hennepin County in
Minnesota



hist_landcov

hist stcroix

Historic_Land Cover.shp

Historic Land Cover StCroixBasin.shp

HUC_250k.shp

Isanti_Soil Survey Area Boundary.shp

Isanti SSURGO.shp

Kanabec Soil Survey Area Boundary.shp

Kanabec SSURGO.shp

MilleLacs_Soil Survey Area Boundary.shp

MilleLacs SSURGO.shp

Missing SSURGO_Counties Map Units.shp

Raster
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Flie/Field Name

Catchment_Attributes NLCD.dbf
Catchment_Attributes _Temp Precip.dbf
Flowline Attributes Flow.dbf
Flowline Attributes NLCD.dbf

Flowline Attributes Temp Precip.dbf
Headwater Node Area.dbf

historicaltables.xls

MN _Aitkin_soildb_2003.mdb'

chaasto
chconsistence
chdesgnsuffix
chfrags
chorizon
chpores

chstruct

Technical Appendix
Tabular Data

Description

NLCD attribute data for Catchment.shp and Catchment StCroixBasin.shp

Temperature and precipitation attribute data for Catchment.shp and Catchment StCroixBasin.shp

Flow attribute data for NHD Flowline.shp and NHD Flowline_ StCroixBasin.shp

NLCD attribute data for NHD _Flowline.shp and NHD_Flowline_StCroixBasin.shp

Temperature and precipitation attribute data for NHD Flowline.shp and NHD Flowline StCroixBasin.shp
Information for the headwater nodes

Contains historical land cover summary tables for the upper, lower, and combined St. Croix River Basin, from Louise
Sharrow's work in the summer of 2008 - unkown source.

SSURGO tabular database for Aitkin County. Below is a list of tables included in database.

American Association of State Highway Transportation Officials (AASHTO) classification(s) for the referenced horizon
Descriptions of soil consistence (rupture resistence, plasticity, stickiness) for the referenced horizon

Designation suffix(es) for the referenced horizon

Lists the mineral and organic fragments that generally occur in thr referenced horizon

List of horizon(s) and related data for the referenced map unit component

Lists voids (pores) for the referenced horizon

Lists individual soil structure, grade, and shape terms for the referenced horizon



chstructgrp
chtext
chtexture
chtexturegrp
chtexturemod
chunified
cocanopycover
cocropyld
codiagfeatures
coecoclass
coeplants

coerosionacc

coforprod

coforprodo

cogeomordesc
cohydriccriteria
cointerp

comonth

Lists the ranges of soil structure for the referenced horizon

Notes and narrative descriptions related to the referenced horizon

Lists individual textures, or terms using in lieu of texture, for the referenced horizon

Lists the range of textures for the referenced horizon

Lists the texture modifier(s) for the referenced horizon

Unified Soil Classification(s) for the referenced horizon

Lists the overstory plants that typically occur on the referenced map unit component

Lists commonly grown crops and their expected range in yeilds when grown on the referenced map unit component
Lists the typical soil feature for the referenced map unit component

Identifies the ecological sites typicall associated with the referenced map unit component

Lists the plants, either rangeland or forestland plants, that typically occur on the referenced map unit component
Lists the kinds of accelerated erosion that occur on the referenced map unit component

Lists the site index and the annual productivity in cubic feet per acre per year of forest overstory species that typically
occur on the referenced map unit component

Lists the site index and annual productivity of forest overstory species in other units that typically occur on the
referenced map unit component

Lists the geomorphic features on which the referenced map unit component typically occurs
Lists the hydric soil criteria met for those referenced map unit components that are classified as a "hydric soil"
Lists the predictions of behavior and limiting features for specified uses made for the referenced map unit component

Lists the monthly flooding and ponding characteristics for the referenced map unit component



component

copm

copmgrp
copwindbreak
corestrictions
cosoilmoist
cosoiltemp
cosurffrags
cosurfmorphgc
cosurfmorphhpp

cosurfmorphmr

cosurfmorphss

cotaxfmmin
cotaxmoistcl

cotext
cotreestomng

cotxfmother

Lists the map unit components identified in the referenced map unit, and selected properties for each component
Lists the individual parent material(s) for the referenced map unit component

Lists the concatenated string of parent material(s) in which the referenced map unit component formed based on entries
in the Component Parent Material table (copm)

Lists the windbreak plant species commonly recommended for the referenced map unit component

Lists the root restrictive feature(s) or layer(s) for the referenced map unit component

Describes the typical soil moisture profile for the referenced map unit component

Describes the typical soil temperature profile for the referenced map unit component

Lists the organic or mineral fragments that generally occur on the surface of the referenced map unit component
Lists the typical geomorphic position(s) of the referenced map unit component, in three dimension terms

Lists the geomorphic position(s) of the referenced map unit component, in two dimensional hillslope profile terms

Lists microrelief feature(s) associated with the referenced geomorphic (microfeature) feature shown in the Component
Geomorphic Description table (cogeomordesc)

Lists the geomorphic shape(s) of the referenced map unit component, in slope shape terms
Lists the mineralogy characteristics, as defined in Soil Taxonomy, that apply to the referenced map unit component

Provides clear identification of the intended taxonomic moisture class, as defined in Soil Taxonomy, that apply to the
referenced map unit component

Contains notes and narrative descriptions for the referenced map unit component
Lists the trees commonly recommended for managing on the referenced map unit component

Lists the other taxonomic characteristics that apply to the referenced map unit component



distinterpmd
distlegendmd
distmd

featdesc
featline
featpoint
laoverlap
legend
legendtext
mapunit
mdstatdomdet
mdstatdommas
mdstatidxdet
mdstatidxmas
mdstatrshipdet
mdstatrshipmas
mdstattabcols

mdstattabs

Records the set of NASIS fuzzy logic interpretations which were generated for the map unit components included in a set
of distribution data

Records information about the legends or soil survey areas selected for inclusion in a set of distribution data

Records information associated with the selection of a set of data for distribution to some entity of information system
external to NASIS

Records the description of all spot features that occur in a soil survey area

Records all of the spot features of a soil survey area that are represented as one or more lines

Records all of the spot features of a soil survey area that are represented as one or more points

Lists the geographic areas that are coincident with the soil survey area identified in the Legends table (legends)
Identifies the soil survey area that the legend is related to, and related information about that legend

Contains notes and narrative descriptions related to the referenced legend

Identifies the map units included in the referenced legend

Records the individual comain members for all domains associated with the tabular data set

Records the metadata that pertains to a domain as a whole, for all domains associated with the tabular data set
Records what columns of a table make up a particular index

Records the metadata that pertains to an index as a whole, for all indexes defined for the tabular dataset
Records the pairs of join columns that define a particular relationship

Records the metadata that pertains to a relationship as a whole, for all relationships defined for the tabular dataset
Records the metadata for all columns of all tables that make up the tabular data set

Records metadata about the tables that make up the tabular data set



month

muaggatt

muaoverlap

mucropyld
mutext
sacatalog
sainterp

sdvalgorithm

sdvattribute

sdvfolder
sdvfolderattribute

MN_soildb_2002.mdb2

NHD_ Waterbody StCroix Largest.dbf

Precipitation (Folder)

A lookup table for months of the year

Records a variety of soil attributes and interpretations that have been aggregated from the component level to a single
value at the map unit level

Lists the map units that exist in the overlap between the entire soil survey and the referenced geographic area in the
Legend Area Overlap table (laoveriap)

Lists commonly grown crops and their expected yields for the referenced map unit as a whole

Contains notes and narrative descriptions related to the referenced map unit

Records the primary dynamic cetadata associated with a soil survey area

Records information about the soil interpretations that were generated for a soil survey area

Records the valid algorithms for aggregating soil property values or soil interpretation results to the map unit level

Each record in this table corresponds to either an intrinsic soil property or a soil interpretation that is available in the Soil
Data Viewer application

The records in this table represent the folders and subfolders by which soil attributes (SDV rules) are grouped and
displayed in the Soil Data Viewer application

Resolves the many-to-many relationship between Soil Data Viewer folders and soil attributes (SDV rules)

Contains the same fields/information as <state_abbreviation> <county name>_soildb_2003.mdb tables do, for
STATSGO

Corresponds to the NHD_ Waterbody StCroix Largest.shp, contains ~20 largest waterbodies that intersect a major
stream channel, within the St. Croix River Basin

Contains tables for each weather station listed in Weather Stations.dbf, with a field for date and precipiation (PCP).
Weather stations included are: Cambridge (Cambrdg.dbf), Cumberland (Cmbrlnd.dbf), Danbury (Danbury.dbf),
Hinckley (Hinckley.dbf), Moose Lake (MooseLk.dbf), Mora (Mora.dbf), River Falls (RvrFalls.dbf), Solon Springs
(SInSpngs.dbf), Spooner (Spooner.dbf), and St. Croix Falls (StCrxFls.dbf). Also included is the Weather Stations.dbf
table



Precipitation.xls

Contains the USU COOP precipitation data for each weather station

SWAT Monitoring Points.dbf

Contains a complete set of watershed inlets and outlets, as well as reservoirs (including user-supplied outlets) used in
SWAT simulation for this project

SWAT Watershed Outlets.dbf

Contains information for each watershed outlet corresponding to features in Watershed QOutlets.shp, with xy-coordinates,
latitute, longitude, and TYPE fields. The TYPE field value for all entries in this table is "O" for Outlet. Created based off
of watershed outlet locations in StCroix_Watershed Boundary.shp

Temperature (Folder)

Contains tables for each weather station listed in Weather Stations.dbf, with a field for date, maximum temperature, and
minimum temperature. Tables included are the same as in the Precipitation folder

Temperature.xls

Contains the USU COOP temperature data for each weather station

USUClimateData.xls

Contains the originally downloaded USU COOP precipitation and temperature data for each weather station

Weather_Stations.dbf

Contains names and xy-coordinates of weather stations used in Weather Data Definition, from USU COOP weather data

' This database and associated text files are available for all counties and each state included in this project - including Minnesota and Wisconsin; the Minnesota
counties: Anoka, Benton, Carlton, Chisago, Crow Wing, Dakota, Goodhue, Hennepin, Isanti, Kanabec, Mille Lacs, Morrison, Pine, Ramsey, Sherburne, St. Louis,
Washington, and Wright; and the Wisconsin Counties: Ashland, Barron, Bayfield, Burnett, Douglas, Dunn, Pierce, Polk, Rusk, Sawyer, St. Croix, and Washburn.
Descriptions of each field are taken from "SSURGO Metadata - Tables" - for refernce information, see the Bibliography. The databases and text files for Wisconsin and
its associated counties are for 2002 instead of 2003, so the file/database name varies accordingly

? This database and associated text files contain similar information to the SSURGO database/files and is available in this project for Minnesota and Wisconsin
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