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Section 1

Introduction

Wisconsin Department of Natural Resources (WDNR) staff collect field data for a number of physical,
chemical, and biological parameters in wadeable streams across Wisconsin. These data are used to
assess stream health, manage waters for a number of designated uses, and prioritize restoration or
protection efforts. Strategies and methods are needed to optimize the use of time and resources for
monitoring among the more than ~72,000 km of rivers and wadeable streams in Wisconsin.

Targeted Watershed Assessments (TWA) is a study design proposed for Wisconsin’s cross-program
water resources monitoring work. The TWA monitoring framework utilizes a flexible watershed selection
process and site specific assessment and planning tools to target high priority resources for key
implementation work. In targeted watersheds WDNR staff intensively monitor physical, chemical, and
biological condition at multiple sites in small, high priority catchments (usually HUC 12s, average ~80
km?). High priority catchments are identified by programmatic needs such as nutrient reduction
strategies, best management practices (BMP) effectiveness monitoring and protection areas identified
through the Healthy Watersheds Assessment. TWA monitoring in these catchments is designed to meet
multiple programmatic needs, including Wisconsin Point Source Discharge Elimination System permits,
Runoff Management, Nine Key Element plans, stream flow determination, among others.

Stream physical, chemical, and biological conditions are influenced by both natural and anthropogenic
factors (see Allan and Castillo 2007, Wang et al. 2006). The locations and density of monitoring stations
in TWAs should be able to effectively represent the relevant natural and anthropogenic factors
influencing water quality throughout the catchment. This requires an understanding of the geographic
distribution of these factors at the catchment scale. Some major landscape changes are relatively easy
to detect, such as a longitudinal transition from agricultural to urban land use. Others are much more
difficult to visualize or interpret, such as changes in soil structure, watershed slope or diffuse,
cumulative changes in the watershed.

Visualizing and interpreting multiple spatial factors at once presents challenges in trying to differentiate
or group similar stream systems. This has resulted in a variety of landscape and stream classification
techniques designed to integrate and generalize multiple natural and/or anthropogenic variables into a
simpler, categorical representation. Ecoregions (Omernik 1987) are a well-known landscape
classification, developed at national (level lll) and regional (level 1V) scales. Assessment Units (AUs) are a
classification system that groups stream reaches for impaired water assessments and regulatory
reporting purposes. WDNR’s Natural Community model is a stream classification used to group stream
and river reaches by stream flow volume and water temperature in order to develop expectations for
fish assemblages likely to occur (http://dnr.wi.gov/topic/rivers/naturalcommunities.html). However,
these classification systems are usually not at the appropriate scale (Ecoregions) for a TWA monitoring
plan, are often based on best professional judgment or political boundaries (AUs), or do not incorporate
anthropogenic factors that influence water quality (Natural Communities).
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A practical watershed scale stream classification system would increase the WDNR’s capacity to develop
an optimal monitoring design in TWAs by ensuring that monitoring station locations are representative
of key natural and anthropogenic factors in the watershed. Furthermore, stream network heterogeneity
can be estimated before field sampling and the appropriate density of sampling sites can be planned.
This will help eliminate redundant sampling locations or sparse data collection of complex systems
hindering assessment of environmental condition. The Targeted Watershed Site Selection Tool was
developed for this purpose.

The Targeted Watershed Site Selection Tool

The Targeted Watershed Site Selection Tool (TWSST) is a watershed scale classification system that
groups stream reaches according to a variety of stream channel and landscape-level physical
characteristics. The TWSST model can be used a priori to set up an efficient monitoring design in a
watershed where very little known information exists on waterbody condition. The model can also be
used a posteriori on previously collected data to determine the spatial extent on a stream network that
a particular monitoring location represents (e.g. refining AUs).

In order to be useful for a TWA monitoring design, the TWSST model was designed to classify streams at
a relatively small scale such as a HUC 12 sized watershed. The physical characteristics in the
classification system were selected to incorporate both natural and anthropogenic factors with
demonstrated relationships to water quality and aquatic biota. Because these relationships may vary at
different spatial scales (Allan 2004), we investigated physical characteristics measured at multiple spatial
scales, from the stream channel to riparian zones to upstream drainage area. This is of particular
importance in smaller scale watersheds where local watershed dynamics may outweigh broad,
landscape level dynamics.

For ease of use and interpretation the TWSST model was built to be compatible with the Wisconsin
Hydrography Dataset (WHD). WHD is the WDNR 1:24k hydrography layer that maps the geographic and
network locations of all the stream reaches in the State. Stream reach features in WHD are spatially
referenced and constitute the hydrography layers in WDNR desktop and web-based mapping
applications. Consequently, we were able to integrate the TWSST model with WDNR’s existing spatial
data infrastructure. Specifically, TWSST output has been incorporated as map layers in WDNR’s Water
Condition Viewer, a web-based mapping application
(http://dnr.wi.gov/topic/surfacewater/monitoring/twsst.html). This provides staff and biologists a
readily accessible way to visualize landscape changes in targeted watersheds alongside a variety of other
data layers relevant to the monitoring site selection process. Existing layers in the Viewer contain
spatially referenced information on dams, surface water outfalls, grants, and many other features not
explicitly incorporated in the TWSST model. By combining the TWWST tool, existing monitoring locations
and other spatially referenced information in the Water Condition Viewer staff have the ability to
integrate large amounts of information in order to develop a comprehensive monitoring plan.

The remaining sections in this document describe TWSST model development, interpretation, outputs,
and a user guide. Section 2 describes the monitoring data used in this study and provides more detail on
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the stream channel and landscape-level physical characteristics in WHD. Section 3 presents the
statistical analyses used to assess relationships between monitoring parameters and WHD physical
characteristics at multiple spatial scales and to identify a parsimonious set of WHD variables to use in
the stream classification. Section 4 discusses the development and validation of the stream classification
in test watersheds of different sizes and in different geographic locations. The statewide
implementation of the stream classification is described in Section 5.

Output from the Targeted Watershed Site Selection Tool includes maps of the stream groups, narrative
interpretations of each stream group, and summary statistics of stream characteristics within groups.
These results are available as summary reports for each watershed and as interactive map layers in the
Water Condition Viewer. Section 6 describes this output and provides guidance on how to incorporate it
into the monitoring site selection process.
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Section 2

Data Sources

Water chemistry and biology data

All water chemistry and biology data were collected in previous studies by WDNR and are stored in
publicly available databases. Water chemistry parameters and data from benthic macroinvertebrate
surveys were obtained from WDNR’s Surface Water Integrated Monitoring System (SWIMS) database.
Fish survey data were obtained from WDNR’s Fisheries Management database.

The TWSST model was initially developed
from two watershed monitoring pilot

g projects conducted in Wisconsin during

Y \\ 2010-2011 (WDNR 2012, WDNR 2013).

- /k These pilot projects collected data from a

Bad River dense network of monitoring stations for
Northern Lakes and Forests multiple water quality constituents, each

within a single field season. These
watershed monitoring projects provided an

Western North Central ideal dataset to develop the TWSST model.
Corn Belt S SIOWERCIED IS y A total of 68 sites in the Pecatonica River
b \f‘;_Uppe,Ye"ow River <. i watershed (572 km?) and 60 sites in the

Y Upper Yellow River watershed (580 km?)

were sampled for habitat,

Milwaukee River macroinvertebrates, fish, water chemistry,

and streambed sediment (Figure 1). This

prifitestes 2 W dense spatial sampling provided a robust

R

AR \5/5.:2:.5; dataéet for examining catchment sc.ale

NN S relationships between physical

~A . characteristics and monitoring parameters.

: Cotn Belt Additionally, we wused this dataset to

Figure 1. Pilot watersheds (Pecatonica and Upper Yellow Rivers) validate the usefulness of the stream

used in the WHD variable selection process and testing of the
classification system. HUC 8 watersheds (Bad and Milwaukee
Rivers) used to validate the classification system in different
regions and at different scales. Omernik level Ill ecoregions are
shown and labeled.

classification, again at a scale comparable to
a Targeted Watershed.

In order to validate the model across the State a second dataset was compiled containing monitoring
data from over 4,000 stations throughout Wisconsin sampled by WDNR between 2003 and 2013. This
dataset provided the opportunity to examine relationships between stream channel or landscape
physical characteristics and monitoring parameters at the statewide scale to ensure results from the
pilot watersheds were transferable to other watersheds. From the statewide dataset, we used data from
the Bad River and Milwaukee River watersheds (HUC 8 catchments; Figure 1) to test the efficacy of the
classification system in different geographic regions containing different land use regimes, and at a
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larger spatial scale to determine if the final classification scheme would still be useful at the TWA
monitoring scale (typically HUC 12). Additionally, we used the statewide dataset to summarize existing
monitoring data for each group in the stream classification in order to provide context to the different
stream groups. This information is provided in the TWSST output and discussed in greater detail in
Section 6.

Table 1 provides summary statistics of the commonly collected water quality and biologic monitoring
parameters included in the statewide dataset, as well as abbreviations used throughout this report.
Monitoring parameters in the pilot study datasets include all those listed in Table 1 plus the following,
less commonly collected parameters: chloride (Cl), sulfate (504), pH, Chlorophyll a (Chl a), biological
oxygen demand (BOD), and E. Coli.

Table 1. Summary statistics for water quality and biology parameters included in the statewide dataset.

Monitoring parameter Abbreviation  Units n Median Mean  Std Dev
Total Phosphorus TP pg/L 2223 88 125 121
Total Nitrogen TN mg/L 1313 1530 2215 1924
Dissolved Inorganic Nitrogen DIN mg/L 1432 686 1467 1875
Transparency Trans cm 1802 101 88 35
Total Suspended Solids TSS mg/L 1098 7.0 13.9 19.5
Conductivity Cond pS/cm 1724 415 455 309
Hilsenhoff Biotic Index HBI -- 3273 4.7 4.8 1.5
Macroinvertebrate IBI mIBI -- 3273 53 5.4 2.3
Percent EPT EPT -- 3273 33.0 34.2 23.6
Fish IBI FIBI - 1004 80.0 71.4 24.9

Quality control was applied to all data used in the statewide dataset beyond minimum data quality
elements required for all data stored in WDNR databases. To reduce seasonal variability in the data, we
only used water chemistry samples collected between May and October (the growing season) and
macroinvertebrate surveys conucted during the spring or fall, the standard WDNR macroinvertebrate
index period. All lab analyzed water chemistry data flagged by the laboratory for not meeting quality
assurance standards were excluded. Water chemistry samples where analyte measures were below the
laboratory’s reporting limits (non-detects) were set to half the laboratory’s detection limit. Total
nitrogen (TN) was derived as the sum of total Kjeldahl nitrogen and nitrates+nitrites. Dissolved inorganic
nitrogen (DIN) was derived as the sum of ammonia and nitrates+nitrites. We screened out fish surveys
from projects targeting specific species or related to fish kills, fish passage, or stocking evaluations. Also,
we only included fish surveys where fish assemblage data collected at a site supported the predicted
Natural Community class for that stream segment. The Natural Community model must be verified in
order to apply the correct fish IBI to assess the fish community. Currently, this is not an automated
process; therefore we only used fish data that supported the modeled Natural Community. This resulted
in much fewer fish IBIs used in the report than there are results in the database. However, this ensured
that the fish IBI data represented here is accurate of the community and not an artifact of using the
wrong tool for assessments.
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We combined data collected from the same station over time (2003-2013) or any two stations located
on the same stream reach (defined by WHD HydrolD). Where multiple data collections existed we
calculated median values for water quality parameters and mean values for biology parameters.

Wisconsin Hydrography Dataset Plus (WHDPIus)

For our stream classification we desired a range of stream channel and landscape-level physical
characteristics with demonstrated relationships to water quality and aquatic biota. We obtained stream
channel and landscape-level characteristics from the Wisconsin Hydrography Dataset Plus (WHDPIus).
WHDPIlus was developed by WDNR staff in a GIS environment and provides hundreds of physical
attributes for each of the ~160,000 WHD stream reaches and lake features throughout the state (Menuz
et al. 2013, Ruesch et al. 2013). Stream reaches in WHD are inter-confluence segments from WDNR's
1:24k hydrography layers, which were digitized from USGS 1:24k topographic maps. The hydrography
features and their attributes are stored in a geodatabase following the National Hydrography Dataset
data model. Contributing watershed areas for each stream reach were delineated using the 10 meter
resolution National Elevation Dataset (NED, http://ned.usgs.gov/). WHD stream reaches and their
contributing drainage areas are typically small, with a mean length of 0.8 km and a mean drainage area
of 0.9 km% WHD hydrography layers and WHDPIlus attributes are available for download and public use
at: ftp://dnrftp01.wi.gov/geodata/hydro va 24k/.

Stream reach attributes in WHDPIus include
those related to the stream channel (e.g.

Local Watershed (LW)

’ B S stream flow and gradient) and those related
= \ ,’ = \

l«d / ) ke [ ) to the surrounding landscape (e.g. soils and
\""“‘\/( \Lﬁi/n’ land slope). Landscape-level attributes are

computed for network (total upstream area)
and local (immediate drainage area) spatial
scales, and for 60 meter riparian buffers and
watershed scales (Fig 2). Analysis of
relationships between monitoring
parameters and physical characteristics at
these multiple spatial scales played a key role
in the selection of physical characteristics to
use for the TWSST stream classification.

60 mon both * "
sides of feature /

(L, ‘”* \

Network Watershed (NW)

Figure 2. lllustration of the stream channel and four landscape-
level spatial scales available in the WHDPIus dataset.

‘Network Ri

We tested a number of stream channel and

landscape-level characteristics along with
their spatial scales of measurement available in the WHDPIlus dataset. The general categories and scales
of variables are listed in Table 2. Candidate variables are those from WHDPlus that are commonly
examined in scientific literature, or those we hypothesized would influence water quality and aquatic
biota. Since the statistical method we selected for the stream classification (k-means clustering,
discussed in Section 4) is designed for continuous variables, no discrete or categorical characteristics
(e.g. stream order, dam presence/absence, Natural Community classes) were considered as candidate
variables. Physical characteristics that would clearly not be useful for a catchment scale stream
classification (e.g. air temperature, precipitation, and Omernik ecoregion) were also omitted from the
list of candidate variables.
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Table 2. General types of candidate stream channel and landscape-level characteristics in the WHDPlus dataset with
corresponding spatial scales of attribution.

Candidate physical characteristic Spatial scale of attribution
Stream flow and water temperature Channel
Stream channel gradient and sinuosity Channel

Land cover All 4 landscape-level
Soil permeability All 4 landscape-level
Other soils properties Network watershed
Land slope All 4 landscape-level
Topographic sinks Network watershed
Surficial geology All 4 landscape-level
Bedrock geology All 4 landscape-level

WHDPIus contains stream flow volume for multiple probabilities of exceedance and at seasonal and
annual time steps. Stream flow values were derived from regression models of watershed attributes at
continuously gauged stream segments then applied to all catchments throughout the state (Diebel et al.
2014). We selected annual E10, E50, and E90 for initial model development to characterize high,
median, and low flow regimes, respectively. We also calculated flow yield for each metric by dividing
flow volume by drainage area. Stream water temperatures were estimated from an artificial neural
network model of measured daily water temperatures for the summers of 1990-2008 linked with
geology, topography, climate, and land cover variables (Stewart et al. 2015). Water temperature
predictions are summarized into three metrics: June—August mean, July mean, and maximum daily
temperature.

Stream gradient and channel sinuosity were included as candidate variables for model development.
Stream gradient was derived from the 10-meter NED. Along with channel sinuosity, stream gradient was
calculated using spatial analysis tools in ArcGIS software for each HydrolD.

Land cover data are from the 2006 National Land Cover Dataset (NLCD) and are attributed at all four
landscape-level scales. In addition to considering specific land cover classes, we aggregated NLCD classes
into four general classes—agriculture, developed, forest, and wetlands/open water. These aggregations
are summarized in Table 3. The remaining two NLCD categories found in Wisconsin—barren land and
grasslands—were considered individually.
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Table 3. Summary of generalizing specific NLCD land cover classes into aggregated land cover classes. NLCD class numbers
are given in parentheses.

Aggregated class Developed Forest
Open developed (21) Deciduous forest (41)
Specific NLCD classes Low mtens.lty deYeIoped (22) Ev.ergreen forest (42)
Moderate intensity developed (23) Mixed forest (43)
High intensity developed (24) Woody wetlands (90)
Aggregated class Agriculture Wetlands and lakes
Specific NLCD classes Pasture/hay (81) Open water (11)
Row crops (82) Emergent and herbaceous wetlands (95)

Soils data were used in model development and were sourced from the Natural Resources Conservation
Service soil surveys. Soils variables include percent sand, silt, and clay, available water capacity, bulk
density, cation exchange capacity, organic matter content, permeability, hydraulic conductivity, soil
thickness, depth to water table, and erodibility factor. Permeability is derived from STATSGO datasets
and is attributed at all four landscape-level scales. However, given the relatively coarse resolution of
STATSGO (1 km), we only considered the network watershed scale for this project. All other soils
variables are derived from gridded SSURGO (gSSURGO, 10-meter resolution) datasets and are currently
attributed at just the network watershed scale.

Topography variables include land slope and percent internally draining topographic depressions (sinks),
both derived from the 10-meter NED using ArcGIS software. Land slope is attributed at all four
landscape-level scales; topographic sinks are attributed only at the network watershed scale.

Surficial and bedrock geology characteristics are from multiple US Geological Survey data sources and
are attributed at all four landscape-level scales. Surficial geology data in WHDPIlus are given as percent
by area of 25 unique classes of glacial deposits and other Quaternary depositional features (e.g. coarse
end moraine deposits, fine lacustrine clays and silts, alluvium). As with land cover, we aggregated
specific surficial geology classes into four general classes—coarse, medium, and fine glacial deposits,
and a class combining colluvium and alluvium deposits.

Screening of candidate characteristics

We screened the list of candidate stream channel and landscape-level physical characteristics (Table 2)
for those that were meaningful throughout most of Wisconsin and regularly exhibited spatial variability
at the TWA scale. The first criterion reflects a desire for stream classifications in all watersheds to use
the same set of physical characteristics. The second criterion reflects a desire for the classification to
differentiate streams as much as possible at the catchment scale.
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Candidate characteristics were mapped in ArcGIS to visualize statewide geographic distributions and
catchment scale variability. For example, stream flow and water temperature exhibit variability at the
watershed scale and are relevant statewide, and were retained for further analysis. Maps of stream flow
volume and mean annual water temperature are provided in Appendix B.

Variables that were too sparse on the landscape were combined with similar measurements to create
more meaningful metrics. For example, the geographic distributions of pasture/hay land cover (NLCD
class 81) and medium and high intensity developed land cover (NLCD classes 23 and 24) are mapped in
Figure 3a. These characteristics exhibit catchment scale variability where present, but are not present in
significant amounts throughout most of the state. The geographic distributions of aggregated
agriculture and developed land cover classes are mapped in Figure 3b. These aggregated classes exhibit
catchment scale variability and are meaningful throughout most of the state. Consequently, we retained
only the general, aggregate land cover classes for further analysis.

a) Specific NLCD land cover classes b) Aggregated NLCD land cover classes
- Developed, medium and high intensity - Developed
[ |Pasturerhay : [ |Agricutture
¥ =
s o

: 5

e

< £ ]

By
A

sy

Figure 3. Geographic distribution of a) specific NLCD land cover classes and b) aggregated land cover
classes. Only classes related to developed and agricultural land cover are shown.

Page | 9



- 100% coarse glacial

Similar to some land cover metrics, the 25 individual surficial geology characteristics are not present in
significant amounts throughout most of the state. The geographic distribution of aggregated surficial
geology classes and bedrock geology classes are mapped in Figure 4. Areas shaded red indicate some
degree of heterogeneity in the underlying geology, whereas all other colors indicate the underlying
geology is homogeneous (e.g. 100% coarse glacial deposits or 100% carbonate bedrock). Although both
general surficial geology and bedrock geology are relevant landscape-level physical characteristics
throughout the state, they both lack variability at the within-TWA scale and were dropped from the list
of candidate characteristics.

Our screening process retained stream flow, water temperature, channel gradient and sinuosity,
aggregated land cover classes, soils properties, and land slope as candidate physical characteristics in
the stream classification. Relationships between these characteristics and a suite of water quality and
biology monitoring parameters are analyzed in Section 3.

a) Aggregated surficial geology classes b) Bedrock geology classes
.2 g4 0

)

ye

- 100% carbonate
[ 100% medium glacial I 100% shale
I 100% fine glacial == .
" 100% igneous
- 100% colluvium/alluvium ¥ - 100% . hi §
o metamorphic
Heterogenous
(= g Il Heterogeneous

Figure 4. Geographic distribution of a) surficial and b) bedrock geology in Wisconsin. Variability in
geology is limited to areas shaded red.
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Section 3

Selection of WHDPIlus physical characteristics for stream classification

In this section, we derive a small subset of variables for the stream classification from those stream
channel and landscape-level physical characteristics retained from the screening in Section 2. We
initially sought between 6 and 12 physical characteristics for ease of interpretation and ended up
selecting ten variables representing four general types of physical characteristics—stream channel, land
cover, soils properties, and topography.

We used Spearman rank correlations and Canonical Correlation Analysis (CCA) to identify physical
characteristics with demonstrated relationships to water quality and aquatic biota and to identify
variables providing similar information. Both Spearman correlation coefficients and CCA are statistical
methods for analyzing the magnitude and direction of relationships among variables. Correlation
coefficients are useful for quantifying pairwise relationships and their statistical significance. CCA is a
constrained ordination technique useful for analyzing and visualizing gradients among and multiple
relationships between response variables (in this case, monitoring parameters) and predictor variables
(in this case, candidate stream channel and landscape-level physical characteristics). Both analyses
allowed us to examine the strength of association between and among predictor and response variables
as well as identify potentially redundant variables. In cases where physical characteristics appeared to
be providing similar information, we preferentially selected those with more straightforward
interpretation.

We selected Spearman rank (rather than Pearson) correlation coefficients since this non-parametric
method makes no assumptions about the underlying distributions of variables, many of which are highly
skewed. We calculated Spearman rank coefficients using the rcorr function from the Hmisc package
in R statistical software. Coefficients are interpreted where a value of 1 indicates perfect positive
correlation between two variables, a value of -1 indicates perfect negative correlation, and values near
zero indicate no correlation. For physical characteristics attributed at multiple spatial scales (e.g. local
versus network, riparian versus watershed, Figure 2), we compared Spearman coefficients to assess how
relationships to water quality and aquatic biota varied across these scales.

We developed canonical correlations and CCA plots using functions from the CCA package in R. We
examined all statistically signification canonical dimensions, though typically only the first two were
readily interpretable. Plots of the first two canonical dimensions were created to visualize gradients
among and relationships between response and predictor variables. Predictor variables that are near
each other in xy-space, or are separated by a 180° line through the center, are highly correlated and
conveying similar information. Predictor variables that are orthogonal (at 90° angles through the center)
in xy-space are unrelated and convey unique information. In the context of this study, predictor and
response variables farthest from the center of the plot have the strongest ability to differentiate stream
reaches. ldeal predictor variables (i.e. physical characteristics) are those that are orthogonal (unrelated)
to other predictors, close to (highly correlated with) response variables, and farthest away from the
center.
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Our main goal was to identify relationships between physical characteristics and monitoring parameters
at the catchment scale. However, we wanted to verify that observed relationships at the catchment
scale remained relevant statewide (e.g. not a result of chance occurrence in the pilot watersheds).
Consequently, Spearman correlation analysis and CCA were conducted at the watershed scale using the
Upper Yellow River and Pecatonica River pilot project datasets and at the statewide scale using the
statewide dataset (see Section 2).

We have grouped analyses, results, and conclusions from Spearman rank correlation and CCA analyses
by the following general types of physical characteristics—stream channel, land cover, soils, and
topography. Given the large number of candidate physical and monitoring parameters, Spearman
correlation results are summarized as the number of water quality parameters (out of 12) or measures
of biotic response (out of 4) that were significantly correlated (p < 0.05) with individual physical
characteristics (parameters are those listed in Table 1). The magnitudes and directions of all correlations
are provided in Appendix A. Specific values of Spearman correlation coefficients (p) are stated in the text
where informative.

Stream channel

We compared the number of significant Spearman correlation coefficients between stream channel
characteristics and monitoring parameters in the Upper Yellow River and Pecatonica River study areas
(Table 4). In the Upper Yellow River watershed, all stream flow estimates were significantly correlated
with all 4 biology parameters and 3 of 12 water quality parameters. In the Pecatonica River watershed,
stream flow demonstrated few relationships with biology but was significantly correlated with up to 6
water quality parameters. Water temperature was significantly correlated with multiple biology and
water quality parameters in both watersheds. In particular, 8 of 12 water quality parameters were
significantly correlated with water temperature in the Pecatonica watershed. Sinuosity and channel
gradient were significantly correlated with very few water chemistry and biology parameters in the
Pecatonica and Upper Yellow watersheds.

Table 4. Spearman correlations in the Upper Yellow River and Pecatonica River study areas, summarized as the number of
water quality (out of 12) or biology (out of 4) parameters that were significantly correlated (p < 0.05) with the stream
channel characteristic. Abbreviations used in the CCA plots in Figure 5 are also provided.

Abbreviation used in . . Upper Yellow Pecatonica
Stream channel physical characteristic i )

CCA plots Bio wQ Bio WQ
E10 Annual stream flow (E10) 4 3 1 3
E50 Annual stream flow (E50) 4 3 1 5
E90 Annual stream flow (E90) 4 3 1 6

E10Norm Area normalized E10 1 3 0 2

E50Norm Area normalized E50 3 4 0 4

E90Norm Area normalized E90 3 4 1 5

MaxTemp Maximum daily mean water temperature 2 1 2 8

SumTemp June-August mean water temperature 1 4 1 8

JulyTemp July mean water temperature 1 4 1 8

Sinuosity Sinuosity 2 1 1 0

Gradient Gradient 0 2 1 2

Page | 12



Each of the flow duration and temporal scales of stream flow and water temperature were usually
highly correlated. For example, the E90, E50, and E10 stream flow measures were highly correlated (p >
0.87 for all combinations in the Upper Yellow watershed and p > 0.99 for all combinations in the
Pecatonica). Area normalized flow yields were highly correlated in the Pecatonica (p > 0.78 for all
combinations). However, in the Upper Yellow only area normalized E50 and E90 were highly correlated
(p = 0.83) while area normalized E10 was weakly correlated with area normalized E50 (p = 0.03) and E90
(p =-0.20). All three water temperature measures were perfectly correlated with each other (p = 1.0) for
all combinations in the Pecatonica. In the Upper Yellow watershed, July and summer mean water
temperatures were perfectly correlated (p = 1.0) but both seasonal measures were weakly correlated (p
= 0.25) with maximum annual mean water temperature. The high degree of correlation indicates the
need for only one stream flow and one stream temperature measurement in the final classification
system.

Relationships between predictor variables and response variables, and relationships among predictor
variables, were further evaluated with CCA. Figure 5 shows the first two canonical dimensions from CCA
between response variables (i.e. monitoring parameters, red text) and predictor variables (i.e. stream
channel characteristics, blue text) for a) the Pecatonica River watershed, b) the Upper Yellow River
watershed, and c) the statewide dataset. These plots facilitate visualization of multiple correlations
among and between response and predictor variables.

The water temperature and stream flow variables in the CCA plots demonstrate the relationships among
variables found in Spearman correlations. In the Pecatonica, all water temperature variables were
perfectly correlated (p = 1.0) and occupy the same CCA space in Figure 5a. In the Upper Yellow, summer
and July water temperatures provide equivalent information but are not highly related to annual mean
water temperatures. In the Pecatonica watershed, the first dimension (x-axis) indicates a gradient from
colder to warmer water temperatures. The second dimension (y-axis) suggests a gradient in stream flow.
Both stream flow volume and area normalized flow are largely providing similar information (close
together), though normalized flows are less related (orthogonal) to water temperature.

In the Upper Yellow watershed, stream flow volume and area normalized high flow (E10) are largely
unrelated (orthogonal) to area normalized median (E50) and low flow (E90). Moreover, key measures of
biologic condition—FIBI, mIBI, and %EPT—appear more related (closer in xy-space) to flow volume and
E10Norm than to E50Norm and E90Norm. The opposite relationship was observed in the Pecatonica,
where FIBI, mIBl, and %EPT were more related to E50Norm and E90Norm than to flow volume.

In all three CCA plots TP, TN, and conductivity are related (same quadrant). In Figure 5a, the first
quadrant (upper right) of the plot demonstrates that water chemistry parameters are highly correlated
in the Pecatonica. In addition, poorer mIBl and HBI scores are associated with higher levels of nutrients
and conductivity in both pilot watersheds and statewide. The mIBI and HBI scores indicate quality in
opposite directions, where high mIBI scores indicate good quality while low HBI scores indicate good
quality. This is why the HBI is near (in xy-space) water chemistry variables and the mIBl is located nearly
180° across the plot, indicating negative correlation.
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Figure 5. First two canonical dimensions for response
variables (red text) and stream channel predictor
variables (blue text) for a) the Pecatonica River

watershed, b) the Upper Yellow River watershed, and
c) the statewide dataset.

The CCA plot for the statewide dataset indicates that
although water quality and biology parameters are well
differentiated (far from center) at this scale, associations
with stream channel physical characteristics are less
pronounced than those at the watershed scale, although
both are statistically significant. It appears that comparing
responses and predictors at the watershed scale may be
more meaningful than the statewide scale. At the
watershed scale there should be a number of spatially
auto-correlated physical characteristics (e.g. land cover,
soils properties). In essence, those auto-correlated
characteristics are corrected for by comparing smaller
catchments and the differences among variables that
truly vary at the watershed scale (e.g. stream flow) are
easier to detect. Although we expect a set of predictors to
be important and used to classify all watersheds
statewide, there will be a unique subset of predictors in
each watershed that truly differentiates stream reaches.

Both stream flow and water temperature were
considered priority candidate variables for the stream
classification system so that TWSST could be interpreted
alongside  WDNR’s Natural Community classification
system. Results from Spearman correlations and CCA
provided substantial evidence that these variables were
related to multiple monitoring parameters at the
watershed scale, and that a single measure for each was
sufficient for characterizing flow and temperature
regimes.

We selected stream flow volume over area normalized
stream flow because stream flow volumes were
significantly correlated with as many or more total
parameters compared to their area normalized
counterparts and it has a more straightforward
interpretation. The low flow measure (E90, the flow
volume with a 90% probability of exceedance) was
retained for the final classification since 1) stream flow
modeled as 90 percent probability of exceedance was
significantly correlated with as many or more total
parameters compared to 10 and 50 percent probabilities
of exceedance, 2) stream monitoring is typically
conducted during low flow rather than high flow
conditions, and 3) this measure is the one used for
differentiating Headwaters from Mainstems in the
Natural Community model.
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We selected maximum daily mean water temperature for the classification since 1) with the exception
of water quality parameters in the Upper Yellow, the annual measure was significantly correlated with
as many or more total parameters compared to the summer or monthly measures and 2) this measure is
the one used for differentiating thermal classes in the Natural Community model.

Neither sinuosity nor channel gradient exhibited compelling associations with water quality or biota.
This result was unexpected, given established ecological relationships between channel morphology and
in-stream habitat, streambed composition, and rates of nutrient or sediment transport (Hynes 1970,
Allan and Castillo 2007). We suspect the lack of significant correlations is due to sinuosity and gradient
being computed for typically very short stream reach segments (~0.8 km) that may not reflect the
pattern of the entire upstream channel. We recommend these stream channel characteristics remain a
part of the overall site selection process as part of best professional judgment. However, neither
gradient nor sinuosity was selected for use in the TWSST stream classification.

Stream channel physical characteristics selected

e E90 stream flow volume (90% probability of exceedance)
e Maximum annual mean water temperature

Land cover

The first step in identifying appropriate land cover variables for the stream classification was to
determine the strength of association of each of the predictor variables. Again, we computed and
compared Spearman correlation coefficients to determine the relationship of predictors and water
quality. Secondly, as land cover characteristics are attributed at four spatial scales in WHD, we also had
to determine which scale was best suited for the classification system. We created bar charts to visually
compare how relationships with monitoring parameters varied by scale of measurement. Figures 6 and
7 present representative results from this analysis. A complete set of bar charts (each aggregated land
cover variable at both pilot watershed and statewide scales) is given in Appendix B.

The direction and magnitude of Spearman correlations between percent agriculture and a suite of
monitoring parameters in the Upper Yellow River watershed were visually examined by creating bar
charts (Fig 6). Percent agriculture land cover and water chemistry (e.g. total phosphorus, chloride,
conductivity, and total nitrogen) tend to increase moving from riparian to watershed and local to
network spatial scales. This result likely reflects the cumulative effects of agricultural land use practices
moving from smaller to larger scales of measurement. On the other hand, benthic macroinvertebrate
indices (e.g. HBI and mIBI) exhibited a similar response to agriculture at all scales, suggesting that local
land cover is relatively more important for these biological measures than for water chemistry
measures. E. coli was the only parameter that clearly exhibited stronger relationships with percent
agriculture at the local scales, both riparian and watershed.
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Figure 6. Spearman rank correlations between percent agriculture land cover and water quality and biology parameters in
the Upper Yellow River watershed. Correlations are calculated at four spatial scales: watershed (blue) versus riparian
(green), and local (light shading) versus upstream network (dark shading).

We also compared statewide differences in the relationships between land cover and monitoring
parameters. An example plot for percent developed land cover is shown in Figure 7. There are fewer
parameters in the statewide dataset than the pilot studies dataset although similar relationships were
observed among comparable water quality variables. With the exception of fish IBI, total upstream
network developed land cover exhibits higher correlations with water chemistry and biology compared
to local amounts of developed land cover. These results suggest that cumulative impacts factor into
water quality, and not just point source impacts from urban water conveyance (e.g. effluents or storm
drains). These results provide a strong case for characterizing developed land cover at the network (total
upstream area) scale for the stream classification system.

Wisconsin statewide dataset
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Figure 7. Statewide correlations
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-0.4 4 5 cover and water quality and

Transparency TSS TP DIN ™ miBl HBI Conductivity FIBI biology parameters.
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Although there are indications that a few response parameters, particularly biological measures, were
more sensitive to land cover at local or riparian scales, the network watershed scale overall exhibited
the strongest relationships with the most water chemistry and biology parameters. Consequently, we
selected the network watershed scale for characterizing land cover. Table 5 contains a summary of
statistically significant Spearman correlations between land cover characteristics at the network
watershed scale and monitoring parameters in the Upper Yellow River and Pecatonica River study areas.

Table 5. Spearman correlations in the Upper Yellow River and Pecatonica River study areas, summarized as the number of
water quality (out of 12) or biology (out of 4) parameters that were significantly correlated (p < 0.05) with the land cover
characteristic.

Upper
Aggregated land cover class Yellow Pecatonica
Bio WwQ Bio wQ
Agriculture 3 5 0 2
Developed 0 3 2 8
Forest 3 6 2 6
Wetlands and lakes 1 2 0 7

As with stream flow and water temperature, land cover relationships differed between biology and
water quality parameters and between the two watersheds. For example, percent agriculture land cover
was significantly correlated with water quality and biology parameters in the Upper Yellow, but not
significantly correlated with any biology parameters and only significantly correlated with TN and DIN in
the Pecatonica. Interestingly, percent forest land cover in the Pecatonica demonstrated many unique
significant correlations with monitoring parameters, despite the fact that agriculture and forest are
themselves highly negatively correlated (p = -0.71). Percent wetlands and lakes appeared more
correlated to water quality parameters in the Pecatonica than the Upper Yellow, though this land cover
type is far more prevalent in the Upper Yellow. These results reflect complex interactions among
response and predictor variables at the watershed scale and the need for CCA to view multiple gradients
and relationships together.

Figure 8 shows the first two canonical dimensions for response variables (red text) and land cover
predictor variables (blue text) for a) the Pecatonica River watershed, b) the Upper Yellow River
watershed, and c) the statewide dataset. In all three plots, the first dimension (x-axis) indicates a
gradient from land cover altered by humans (agriculture and developed) to natural land cover (forests
and wetlands). Compared to the statewide plot, this gradient is more pronounced at the watershed
scale, with variables being further away from the center of the plot, and therefore better differentiating
stream reaches.
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Yellow River watershed, and c) the statewide dataset.

The CCA plot in Figure 8a identifies developed land
cover as an ideal predictor variable in the Pecatonica
watershed since it is largely unrelated to other
predictors, close to multiple response variables
(nutrients and dissolved solids), and far from the
center of the plot.

Further, there is evidence that the agriculture,
developed, forested, and wetlands/lakes
characteristics each contribute unique information
towards explaining the variability in water chemistry
and biology to the extent that each category largely
occupies its own quadrant in the plots. Percent
wetlands/lakes is largely 180° from percent developed
land, indicating an inverse relationship in both
watersheds. However, this is not true in the statewide
plot.

It appears that all four land cover categories provide
important and unique information. As with stream
channel characteristics, land cover characteristics
exhibited greater correlations with response variables
at the watershed scale than at the statewide scale.
Although percent forest and agriculture may be
inversely related at the statewide scale, within
catchments this pattern is not ubiquitous. Therefore,
all four land use categories should be retained for the
final classification.

Land cover physical characteristics selected

e Agriculture

° Deve]oped All at network
e Forest watershed

e Wetlands and lakes spatial scale
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Soils

All candidate soils variables were attributed only at the network watershed scale. Table 6 contains a
summary of Pearson correlations between soils characteristics and monitoring parameters in the Upper
Yellow River and Pecatonica River study areas. Soils variables were significantly correlated with many
water quality and biology parameters in both watersheds, though notably more so in the Pecatonica. In
particular, soil texture (percent sand, silt, and clay) were significantly correlated with most water quality
parameters in the Pecatonica. As with land cover, we used CCA plots to view these multiple
relationships together.

Table 6. Spearman correlations in the Upper Yellow River and Pecatonica River study areas, summarized as the number of
water quality (out of 12) or biology (out of 4) parameters that were significantly correlated (p < 0.05) with the soil property.
Abbreviations used in the CCA plots in Figure 9 are also provided.

Upper Yellow Pecatonica

Abbreviation used in CCA plots Soils physical characteristic i ]
Bio wQ Bio WQ

Sand Percent sand 3 1 1 8
Silt Percent silt 1 2 3 10
Clay Percent clay 0 3 2 8
ksat Hydraulic conductivity 2 4 4 8
Perm Permeability 0 3 0 6
RockDep Depth to bedrock 1 2 2 7
WTdep Depth to water table 2 2 0 3
Kfact Soil erodibility (K) factor 1 2 1 6
AWC Available water capacity 0 4 0 5
BDL Bulk density 1 2 0 6
oML Organic matter content 2 3 0 6
CEC Cation exchange capacity 0 3 1 3

Figure 9 shows the first two canonical dimensions for response variables (red text) and soils predictor
variables (blue text) for a) the Pecatonica River watershed, b) the Upper Yellow River watershed, and c)
the statewide dataset. In all plots, there is a clear differentiation related to soil texture from fine silts
and clays to coarse sands, though this gradient is more pronounced at the watershed scale. In all cases,
this gradient is on a diagonal in the plot and appears to be associated with both canonical dimensions,
though more so with the first dimension.
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Figure 9. First two canonical dimensions for response
variables (red text) and soils predictor variables (blue text)
for a) the Pecatonica River watershed, b) the Upper Yellow

River watershed, and c) the statewide dataset.

Many soils attributes characterize how surface water
runs off, percolates into the soil, and contributes to base
flow and water filtration. The second dimension (y-axis)
in Figure 9a suggests a gradient from clearer to more
turbid streams, with biological measures favoring the
clearer streams. As in the Spearman correlation analysis
this relationship is particularly strong in the Pecatonica
watershed. The CCA plots demonstrate that many of
these measures are also highly correlated (close
together in the plots) and therefore provide similar
information. For example, soil bulk density, available
water capacity, and soil erodibility factor are all highly
correlated in both watersheds and statewide.

Although the soil texture gradient is common to all plots,
other soils properties exhibit different relationships by
watershed. For example, in the Pecatonica organic
matter content and permeability are opposite one
another in the plot and exhibit a gradient orthogonal
(unrelated) to the soil texture gradient. However,
organic matter and permeability are correlated in the
Upper Yellow and are more closely aligned with the soil
texture gradient. At the statewide scale, organic matter
content is again unrelated (orthogonal) to the soil
texture gradient, while permeability is strongly related
to soil sand content.

For our classification system we desired soil
characteristics that were integrators of multiple
properties yet fairly straightforward to interpret. For
instance, percent sandy soils and permeability describe
similar soil properties but we chose to use permeability
because it not only describes soil texture but also
compaction, sorting, and layering, among others.
Permeability is also a more interpretable measurement
especially considering the relationship of soil properties
and watershed dynamics.

Similarly, percent sand, silt, and clay were each
identified as a key predictor in both watersheds. All
three are highly correlated among themselves (and by
definition, adding up to 100%). We chose soil clay
content because it not only describes soil texture but
also because of the well-known phenomenon of
phosphorus binding to clay particles, constituting a
primary pathway for the nutrient to run off land and
enter waterbodies.
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In the Pecatonica watershed and at the statewide scale, soil organic matter content appeared unrelated
to other soils variables, in particular the soil texture gradient. Further, in both the Pecatonica and the
statewide datasets, there is a general gradient between soil organic matter and transparency versus
instream TSS and TP, with biological condition favoring the former. The proposed mechanism would be
water absorption and retention of nutrients by organic matter, reducing loads of nutrients and sediment
to the stream (Gosz et al. 1976, Doran and Zeiss 2000). Consequently, we included soil organic matter
content in the stream classification to account for processes near the soil-water interface.

Soils physical characteristics selected

e Permeability
e (lay content
e Organic matter content

All at network
watershed spatial scale

Topography

Land slope was the only topography characteristic retained from the screening process in Section 2.
Given that stream channel gradient and sinuosity were screened out for lack of demonstrated
correlations at the catchment scale, we considered land slope a priority characteristic for the stream
classification in order to account for factors related to fluvial geomorphology, such as sediment
transport, substrate composition, and instream habitat (Hynes 1970).

Land slope is attributed at all four landscape-level spatial scales. As with land cover, we created bar
charts of Spearman correlation coefficients to visually compare how relationships with water quality and
biology varied by scale of measurement. The bar chart in Figure 10 shows the direction and magnitude
of Spearman correlations between land slope and a suite of monitoring parameters in the Pecatonica
River watershed, where hills and valleys are prominent landscape features. Bar charts for the Upper
Yellow River watershed and statewide dataset are given in Appendix B.

For all parameters except fish IBI, magnitudes of correlation coefficients at the network scale are
greater, in many cases much greater, than those at the local scale. Land slope at the local riparian scale
is positively correlated with TP, chloride, E. coli, TN, and DIN, but negatively correlated with the same
responses at network riparian and watershed scales. The same is true for miBI, but with opposite
directions of correlation. One interpretation of these results is higher slopes in the immediate vicinity of
the stream delivering pollutants via surface pathways, while higher slopes throughout the watershed
result in higher baseflow potential (and therefore dilution). We chose the network watershed scale for
exhibiting overall greater correlations.
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Figure 10. Spearman correlations between land slope and water quality and biology parameters in the Pecatonica River

watershed.

Correlation coefficients showing strength of association between (network watershed) land slope and
monitoring parameters in the Upper Yellow River and Pecatonica River study areas are shown in Table 7.
Since this was the only topography variable, we provide actual correlation coefficients instead of a CCA
plot. Fish IBI, TP, BOD, TSS, and Chlorophyll a were not significantly correlated with land slope in either
watershed and are omitted from the table.

Table 7. Spearman correlation coefficients between land slope and monitoring parameters in the Upper Yellow River and

Pecatonica River watersheds. Bold face type indicates statistical significance at p < 0.05.

Parameter Upper Yellow Pecatonica
HBI -0.30 -0.32
miIBlI 0.40 0.21
% EPT 0.15 0.28
TN 0.01 -0.70
DIN 0.48 -0.71
Conductivity 0.18 -0.79
Chloride 0.41 -0.75
Sulfate -0.08 -0.48
E. coli 0.31 -0.25
pH 0.46 0.00
Transparency 0.29 0.16
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The different responses across multiple scales and in different watersheds suggest complex relationships
between land slope and monitoring parameters. Land slope may have direct and indirect influence on
stream ecosystems. For example, slope can directly influence the physical process in stream ecosystems
or watershed slope can be related to the location and intensity of anthropogenic land uses that
influence water quality. Land slope was significantly correlated with multiple water quality and biology
parameters in both watersheds. For biology measures (HBI, mIBI, %EPT), correlations are in the same
direction. However, the influence of slope on water quality parameters is clearly different in the two
watersheds. The Yellow River watershed had much lower land slopes with little variation across the
watershed. With less overall variation in watershed slope there may be a smaller influence of this
variable on stream chemistry and biology which may lead to opposing influence of watershed slope
among the watersheds. Although responses across watersheds may be different, slope appears an
important predictor of water quality and biology at the catchment scale and was selected for inclusion in
the stream classification.

Topography physical characteristics selected

e Land slope (network watershed scale)

Summary of physical characteristics selected for the stream classification

A total of ten physical characteristics from the WHD dataset were selected for the TWSST stream
classification. Summary statistics for these ten variables are given in Table 8. Values in Table 8 reflect
data from all WHD stream reaches in Wisconsin. Maps illustrating the statewide distributions of each
characteristics and brief narratives describing the significance of each variable with respect to water
quality and biology are provided in Appendix B.

Table 8. Summary statistics for the ten WHD physical characteristics selected for the stream classification.

WHD physical characteristic Units Min Max Median Mean Std dev
Stream flow volume (E90) cfs 0.01 6010 0.15 20 208
Water temperature °C 12.0 32.5 21.8 21.7 2.4
Land slope degrees 0.0 19.3 2.6 4.0 3.6
Agriculture land cover Percent 0 100 45 43 31
Developed land cover Percent 0 100 4 6 9
Forested land cover Percent 0 100 42 45 31
Wetlands/lakes land cover Percent 0 100 1 4 8
Soil clay content Percent 0 59 13 15 8
Soil organic matter content Percent 0 47 2 4 5
Soil permeability in/hr 0.52 1.28 2.41 3.55 2.88




Section 4

Development and validation of the stream classification in pilot
watersheds

The next step in the TWSST model process was to identify similar stream reaches and group them
together. We used k-means clustering to group similar stream reaches based on the ten WHD physical
characteristics identified in Section 3. K-means is a commonly used unsupervised learning technique
designed to partition data into a predetermined number of groups by minimizing within-group sum of
squared differences between observed values and group means. We used the kmeans function from
the stats package in R statistical software for the stream classification. Prior to developing stream
groups with k-means, all left skewed variables were natural log transformed and all right skewed
variables square root transformed in order to better approximate normal distributions. All variables
were normalized (scaled to z-scores) in order to have comparable numerical ranges and therefore
contribute equally to the classification.

We tested the k-means method in the Pecatonica and Upper Yellow River pilot watersheds, classifying
stream reaches into four, five, six, and seven discrete groups. Preliminary analyses in these watersheds
and others indicated that three groups provided limited stream differentiation while eight or more
groups became difficult to interpret and explained minimal additional variation among and within
groups. Also, having fewer groups than there are predictor variables meant that the variables that best
differentiated streams in that watershed would be used in the classification system. Therefore, a
variable whose values had limited range throughout a particular watershed could remain in the
classification scheme since it would have very little influence on the classification of stream groups. This
allowed the TWSST model to use the same set of predictor variables to classify all watersheds across the
State.

For each test watershed, we mapped the different classification scenarios (4 through 7 groups) in ArcGIS
to visualize how stream reaches were grouped together, overlaying HUC 12 boundaries, aerial
photography, and other relevant map layers for reference. We examined boxplots of WHD physical
characteristics to interpret the watershed scale differences driving the classification. We also examined
boxplots of multiple monitoring parameters to determine if stream differentiation by physical
characteristics resulted in observable and statistical differentiation in water quality or aquatic biota.

The following detailed explanation for the Pecatonica watershed describes how we used the maps and
boxplots to assess the proposed stream classification in test and validation watersheds. This detailed
explanation is also provided because it represents the same overall process used to identify the optimal
number of stream groups during the final model development stage for all TWSST watersheds.

Figures 11-13 contain results from the four group classification in the Pecatonica River watershed. A
consistent color scheme was used for these and all subsequent results. That is, for both maps and
boxplots, Group 1 is always dark blue; Group 2 is always light blue, etc. The group numbers themselves
are only meaningful as labels for the groups.
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Group 1 (dark blue) in the classification
is differentiated by stream flow
volume, inferred from the drainage
pattern in Figure 11 and clearly shown
in the stream flow boxplot in Figure 12,
where the majority of flow values are
orders of magnitude greater than other
groups. Most of these reaches are
classified as Mainstems in the Natural
Community system. Groups 2, 3, and 4
contain lower order streams, most of
which are classified as Headwaters in
the Natural Community system.

Group 1
Group 2
Group 3

Group 4

Figure 11. Four group classification in the Pecatonica River watershed.

Group 2 (light blue) contains streams in the central and south part of the watershed that drain directly
into the Mainstems in Group 1. Groups 3 and 4 contain streams higher in the watershed, with Group 3
(orange) predominantly in the north and west and Group 4 (red) predominantly in the north and east.

While the differences in groups can be viewed spatially the underlying drivers of the classification are
the WHD variables used in the k-means cluster analysis. The boxplots in Figure 12 are useful for
understanding the differences in physical characteristics that account for differentiation among stream
groups. For example, Group 2 is differentiated by predominantly cold water temperatures and includes
the highest slopes in the watershed. Group 3 contains predominantly cool water temperatures, with the
lowest slopes and highest amounts of agriculture and developed land cover in the watershed. No
individual characteristics clearly differentiate Group 4 from all other groups, although water
temperature, slope, and land cover do differentiate these streams from Group 3 and therefore
Headwater streams higher in the watershed. Boxplots of physical characteristics also provide
information on the degree of variability within a group. For example, soil clay content exhibits much
more variability in Group 2 than in Group 3.
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Figure 12. Boxplots of physical characteristics (four groups, Pecatonica).
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Boxplots were created to test if stream differentiation based on physical characteristics translated into
differentiation in water quality and biology parameters (Fig 13). Group 3 is clearly differentiated in terms
of TP, TN, and chloride. Boxplots of monitoring parameters also provide information on the degree of
variability within a group. For example, Fish IBI scores cover the full range of possible values in Groups 2
and 3, but are consistently greater than 60 in Group 4. Overall, Group 4 streams appear to be in the best
condition and Group 3 the poorest. However, caution should be used when making inferences about the
water quality among groups as the data collection efforts were not specifically designed to test this
classification system.

TP (ugiL) TN (mg/L) TSS (mg/L) Chloride (mg/L) Fish IBI miBl
T S A T 0 H o WEOME SR T
S — o _| o — oy
o led Ta | 7] R ol YT I
' o] B & | 84 L , ‘°—l "I
! 1 g sl 1 4
o - T i : : 0 i 2 T g_ ! - - : i
1 24 < h | H
- N * . . - =T I : e
mEog ¢ L Bail IR IR ad t
T L . o~ ..:. Jl.. oh = @ + o 4 .JI.
f 2 8 4 1 2 B 2 1.2 3 4 1 2 3 4 1. 2 3 4 f 2 B o4

Figure 13. Boxplots of monitoring parameters (four groups, Pecatonica).

Results from the five group classification in the Pecatonica River watershed show good spatial
differentiation (Fig 14). The main change observed in Figure 14 is that Group 2 from the four group
classification has been differentiated into two new groups, Groups 2 and 5. The other three groups of
streams remained largely the same, though a few reaches were classified differently.

Group 1 Group 4
Group 2 Group 5
Group 3

Figure 14. Five group classification in the Pecatonica River watershed.

Referring to the boxplots in Figure 15, this differentiation is based on water temperature and levels of
forest and agricultural land cover. While Group 2 in the four group classification had moderately variable
water temperatures and highly variable forest and agriculture land cover, the five group classification
has clearly reduced this variability in the central and south part of the watershed. Now, Group 2 is
entirely comprised of coldwater streams and contains lower amounts of agriculture and higher amounts
of forested land cover compared to Group 5. From classification accuracy perspective, this represents a
major improvement over the four group model. The differentiation in physical characteristics between
Groups 2 and 5 translated into differences in observed water quality and biology (Figure 16), particularly
for TN and fish IBI, which were highly variable in the four group classification.
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Figure 15. Boxplots of physical characteristics (five groups, Pecatonica).
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Figure 16. Boxplots of monitoring parameters (five groups, Pecatonica).

Figure 17 contains results from the six and seven group classifications of stream reaches in the
Pecatonica River watershed. Note that while the association between colors and group numbers is
always the same, a group of streams sometimes ends up with a different label (number) in this process
as the group assignments are mainly arbitrary in the clustering process. This introduces some confusion
when comparing the above figures but supports a consistent color scheme for the boxplots and
consistent symbology in the final product.

In contrast to the four and five group classifications, the six and seven group classifications each identify
a very specific group of streams containing very few reaches. The six group classification differentiates a
small number of reaches (Group 4, red), most of which are within the city of Dodgeville in the northwest
part of the watershed. The seven group classification additionally differentiates a small number of
reaches scattered throughout the watershed (Group 5, dark green).
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Figure 17. Maps for the six group classification (left) and the seven group classification (right) in the Pecatonica River watershed.

Boxplots of physical and land use variables were visually examined to help determine the effectiveness
of these group size classifications (Fig 18). Boxplots from the six group classification are omitted since
they are practically the same as the seven group plots, as the two new groups have so few members.
Both figures are useful for assessing how much information these two small groups of streams add to
the classification at the expense of increased complexity.

Group 4 (red) reaches are clearly differentiated by the warmest water temperatures, lowest slopes, and
highest levels of developed land cover in the watershed (Figure 18). The differentiation of Group 4 from
surrounding reaches in Group 3 (orange) results in differentiation of monitoring parameters as well,
particularly for chloride, fish I1BI, and mIBI where Group 4 is in notably poorer condition compared to
Group 3 (Figure 19). Consequently, the differentiation of Groups 3 and 4 contributes important
information to the classification.

The geographically scattered reaches in Group 5 (dark green) appear to comprise a distinct group
differentiated by the presence of wetlands/lakes (Figure 18). However, wetlands/lakes only range from
0 to 1 percent of total watershed area. While this group does contain some of the highest fish and
macroinvertebrate IBI scores, it is difficult to relate this differentiation in biology to differences in
physical characteristics.
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Figure 18. Boxplots of physical characteristics (seven groups, Pecatonica).
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Figure 19. Boxplots of monitoring parameters (seven groups, Pecatonica).

To summarize results from the Pecatonica River watershed, the k-means classifications resulted in
observable and explainable differences in both physical characteristics and monitoring parameters. For
the purposes of aiding the selection of monitoring locations, four groups appeared too general while five
groups appeared sufficient. Six or seven groups provided additional differentiation of very specific
groups with few constituent reaches. For this test watershed, we determined that five groups would
provide the best balance between stream differentiation and model interpretability.

We conducted the same analysis in the Upper Yellow River watershed. Maps of the four, five, six, and
seven group classifications are shown from left to right in Figure 20. Figures 21 and 22 contain boxplots
from the six group classification in the Upper Yellow River watershed for physical characteristics and
monitoring parameters, respectively.

4 groups ‘). 5groups 6 groups ‘{Q 7 groups

Group 1 Group 5
Group 2 Group 6
Group 3 Group 7
Group 4

Figure 20. Stream groups obtained from classifications in the Upper Yellow River watershed.

As in the Pecatonica, the highest flow streams (Group 1, dark blue) group together in the Upper Yellow
River watershed. This group contains the same stream reaches regardless of the number of groups used
in the classification. Unlike the Pecatonica, very specific stream groups with few members were
obtained right away with only four or five groups, while in the Pecatonica six or seven groups were
needed to isolate very specific groups. For example, in the Upper Yellow, Group 4 in the southern part of
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the watershed is differentiated by the lowest amounts of agricultural land cover, lowest soil clay content
and highest soil organic matter and permeability in the watershed. These stream reaches are so
different from the others that they group together regardless of the number of groups in the
classification (Figure 20).

The primary differences between the four, five, and six group classifications occur in the central and
northern part of the watershed. The boxplots can be used to determine if the statistical differentiation
of these streams corresponds to observable differences in physical characteristics and explainable
differences in water quality and biology. Figure 21 shows that Groups 2, 3, and 6 are differentiated by
the combination of water temperature, land slope, and agriculture and forest land cover. These three
groups all have very similar soils properties, which likely explain why they were grouped together in the
four group classification. Additionally, Groups 2, 3, and 6 exhibit differences in water quality that can be
explained by differences in physical characteristics. For example, Group 3 streams have by far the
highest levels of TP, including some extremely high levels, and some of the poorest macroinvertebrate
IBI scores (Figure 22). This is likely related to the very high percentages of agricultural land cover
combined with the highest slopes in the watershed contributing to runoff related impacts.
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Figure 21. Boxplots of physical characteristics (six groups, Upper Yellow).

TP (ugiL) TN (mg/L) TSS (mg/L) Chloride (mg/L) Fish IBI miBl

-

T — T T
'
i
1

I\

1200
3.0
Il

1
-

10 15 20 25
20 40 60 80 100

20 40 60 80

g

+--{im - -4
= =)
|
+ - - - -
5
L
|
2 345678
[
- - - - -

_,Q?_ i

0
|
I
0
1

|

00 800
| 1 | |
[ ]
-
) Y o S
1.0 2.0
1 | |
+fl-+
) [ s o SRR
L1
ST s s SRR
| r-Co
|
|
F--Jl---4

L]
4

o [+
-
w
=2}

5

N

3 456 12 3 456 1 3 45 6 1

Figure 22. Boxplots of monitoring parameters (six groups, Upper Yellow).
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To summarize results from the Upper Yellow River watershed, the k-means classifications resulted in
observable and explainable differences in the grouping variables, physical characteristics, and
monitoring parameters. This conforms that the physical characteristics selected for grouping are actually
related to in-stream water quality. Although, caution is urged when interpreting water quality
parameters within groups as study design and purpose of the original data collection were not
accounted for when aggregating monitoring results by stream group.

In the Upper Yellow River watershed four and five groups were insufficient for differentiating streams in
the central and northern parts of the watershed. These streams were differentiated starting with six
groups. Adding a seventh groups did not appear to provide enough additional differentiation at the
expense of increased complexity. Consequently, for this test watershed, we determined that six groups
would provide the best balance between stream differentiation and model interpretability.

Results from the Pecatonica River and Upper Yellow River test watersheds indicated that the proposed
stream classification was able to differentiate stream reaches at the TWA scale. Further, the
classification resulted in observable and explainable differences in water quality or biology among
groups. Consequently, we accepted the proposed stream classification approach and proceeded to
validate its potential for all watersheds throughout the state.
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Section 5

Extension of stream classification system statewide

After promising results in test watersheds, we looked to apply the stream classifications statewide. We
proposed HUC 8 watersheds (n=50) as the spatial unit for applying the classification. This spatial scale
was a compromise between capturing variability at the Targeted Watershed scale and interpretation of
the classification results. For example, we attempted the classification at statewide and regional scales,
but these resulted in broad longitudinal gradients and insufficient variability at the Targeted Watershed
scale. On the other hand, applying the classification to every HUC 10 would have resulted in 368 spatial
units requiring an overwhelming amount of interpretation and description.

We applied the k-means clustering method (described in Section 4) to the Bad River and Milwaukee
River watersheds (each comprises a HUC 8, see Figure 1 for locations) to test the classification at this
larger scale. This also tested how well the classification worked in watersheds in different geographic
settings with different land cover regimes (minimally developed in the Bad and highly developed in the
Milwaukee).

Taking the same steps as in the pilot watersheds, we developed multiple classification sizes and visually
examined the resulting patterns. In the maps in Figures 23 and 24, HUC 12 catchments are shaded to
visualize how well the HUC 8 classification would differentiate streams at the TWA scale. Our goal was
that most HUC 12s (e.g. potential TWA catchments) would contain at least two and ideally three or four
different stream groups. The insets in each map show a single HUC 12. In the Figure 23 inset for the Bad
River, a Mainstem is present, plus three Headwater groups. A transition from Group 2 to Group 5 is
evident in the eastern portion of the catchment, while potentially unique streams (Group 3) are located
in the southwest. In the Figure 24 inset for the Milwaukee River, two primary stream groups are present
(Groups 3 and 4) with a few potentially unique streams in the western part of the catchment (Group 2).

Figure 23. Stream classification in the Bad River watershed.
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In both watersheds, most HUC 12s contained
at least two groups, and many had three or
four. However, it was not possible to get
multiple groups in every HUC 12 without an
extremely complicated classification. We also
reasoned that if a TWA only contained one
group, the TWSST classification could identify
the watershed as homogenous relative to its
larger watershed. For example, the southern
part of the Milwaukee River watershed (Figure
24) is within the metro Milwaukee area, an — o
unlikely TWA location but one where A2 !
monitoring sites would be determined by ‘ § &5
factors other than landscape characteristics {
(such as point source outfalls, political

boundaries or channel characteristics). 7 FJ

At the HUC 8 scale, the stream classifications
were still informative at the TWA monitoring
scale (HUC 12) for most of our test watersheds.
Consequently, we accepted the proposed HUC
8 spatial scale for extending the stream Figure 24. Stream classification in the Milwaukee River watershed.
classification throughout the state.

P
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TWSST Watershed Delineation

A total of 50 HUC 8 watersheds are partially or wholly within Wisconsin, ranging in size from 36 to 9,645
km?. Very small HUC 8 units were merged with adjacent HUC 8s, maintaining common drainage
whenever possible. These small HUC 8 units are shaded green in Figure 25, with arrows indicating which
HUC 8 the unit was merged with. Although large, the Lake Winnebago HUC 8 is mainly comprised of
Lake Winnebago with few stream segments and was merged with the Upper Fox River HUC 8. Initial
classifications with many of the largest HUC 8 watersheds resulted in broad longitudinal gradients and
insufficient variability at the Targeted Watershed scale. These watersheds were split into smaller units.
For example, in Figure 25, the Wolf River HUC 8 was split into its upper, central, and lower drainage
areas, while the Castle Rock HUC 8 was split according to the main river systems within the watershed
(Wisconsin River in the East, Yellow River in the West, and Lemonweir River in the South). All HUC 8s
that required splitting are noted in the map legend.

Page | 33



[_] original HUC8
- Merged
[:] Black River
- Castle Rock
[ Lake Dubay
E Lower Chippewa
:l Red Cedar
[ st croix

- Upper Chippewa

[ wolf River

Figure 25. Spatial units for the TWSST stream classification. HUC 8 boundaries are outlined in black. Areas shaded grey
indicate the original HUC 8 was used for the classification. Areas shaded green are portions of HUC 8s that were merged
with adjacent HUC 8s. Other colored areas are HUC 8s that were split into two or three smaller units.

After merging small HUC 8s and splitting up larger HUC 8s, there were 52 watershed units to classify,
ranging in size from 601 to 6,112 km? (mean of 2,792 km?). These spatial units are referred to as “TWSST
watersheds” in this report since they are not strictly HUC 8s in all cases (Figure 25). The k-means
clustering function was applied to each of the 52 TWSST watersheds. Stream reaches with modeled E90
stream flow volume less than 0.01 cfs were removed from the analysis in order to filter out intermittent
streams with extremely low flow. Such streams are not likely to be included in a TWA monitoring
sampling design, but are numerous and could add unwanted bias to the classification.

We did not require all TWSST watershed classifications to use the same number of groups. In each
TWSST watershed, we classified stream reaches into four, five, six, and seven groups. Analyses in test
watersheds suggested that for smaller TWSST watersheds and those with limited landscape
heterogeneity, four groups might be sufficient, while larger watersheds and those with greater
landscape heterogeneity might require seven groups to sufficiently differentiate streams.
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Statistical and geographical methods were used to determine the optimal number of groups for a given
TWSST watershed. We began by creating scree plots and cluster plots as statistical methods for
evaluating the optimal number of groups. Sample plots are given in Figure 26 for the Kewaunee River
TWSST watershed.

In order to determine the effectiveness of the number of cluster groups two graphical analysis were
used. The scree plot (Figure 26a) displays how the within cluster sum of squares (y-axis) decreases with
increasing number of clusters (x-axis). The sum of squares quantity is a measure of within group
variability, where lower numbers indicate greater within group homogeneity. This quantity will usually
decrease as more groups are created, though at a decreasing rate of improvement. With more groups
the classification becomes increasingly difficult to interpret and describe so we attempted to select only
as many groups as needed. The scree plot suggests five as the optimal number of groups, since adding
more groups beyond this adds complexity without substantial decrease in the sum of squares.

The cluster plot (Figure 26b) displays degrees of similarity and difference among clusters by plotting the
first two principal components of the underlying data and drawing ellipses around points that are in the
same group (points not shown). Overlap among ellipses indicates similarity in physical characteristics.
For example, Group 1 (the highest flow group) is partially similar to (overlaps) Groups 2, 3, and 4, but
not Group 5. Similarly, Group 2 is the most distinct, with most of its ellipse area not overlapping with
other groups.
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Figure 26. Statistical methods for determining the optimal number of groups for the stream classification as a) scree
plots and b) cluster plots, both for the Kewaunee River TWSST watershed.
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While the scree and cluster plots provided a starting point, we found that mapping the stream groups
helped in selecting the optimal number of groups, given our goal of having at least two and ideally three
or four stream groups in each HUC 12. We followed the process described earlier for the Pecatonica test
watershed, mapping the different classification scenarios (4 through 7 groups) in ArcGIS and overlaying
HUC 12 boundaries, aerial photography, and other relevant map layers for reference. We also examined
the boxplots of physical characteristics and water quality and biology parameters for the different
grouping scenarios.

Our final decision on how many groups to use for a given TWSST watershed was based on weight of
evidence from the various statistical and geographical analyses. Five or six groups seemed to best
characterize nearly all of the 52 TWSST watersheds. Only one watershed was best characterized by four
groups. Five watersheds required a full seven groups to provide sufficient differentiation among
reaches.

Section 6 discusses how to access and interpret TWSST output and how to incorporate TWSST into the
monitoring site selection process.
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Section 6

How to use the Targeted Watershed Site Selection Tool

We developed the Targeted Watershed Site Selection Tool (TWSST) to assist in the development of a
monitoring design in Targeted Watershed Assessments (TWA). We designed TWSST to be flexible to
TWA objectives by classifying stream reaches according to physical characteristics that were both easily
interpretable and shown to influence a range of water quality and biology monitoring parameters. The
TWSST tool can be used to visually estimate the location and number of sites needed to capture the
variability of stream systems in a TWA watershed. However, specific monitoring site locations will also
be needed expressly for study purpose, such as capturing wastewater treatment plant surface outfalls or
evaluating the success of projects involving best management practices to reduce non-point source
pollution.

TWSST products are both spatial (e.g. maps) and statistical (e.g. boxplots). The primary products for
each TWSST watershed are the same as those presented for test watersheds: 1) a color-coded map of
the stream classification, 2) boxplots of the ten physical characteristics by stream group, and 3) boxplots
of representative monitoring parameters by stream group. TWSST products can be used to analyze
catchment scale variability in stream channel and landscape-level physical characteristics. TWSST
products can also be used to estimate the spatial applicability of previous monitoring efforts in the
catchment.

TWSST products are available as a four page summary report for each watershed and as map layers in
WDNR’s web-based Water Condition Viewer. A step by step user guide to viewing the TWSST model in
the Water Condition Viewer is provided in Appendix C. The user guide describes how to access TWSST
products and integrate them with TWA objectives and ancillary information (e.g. base maps and other
spatial data). This section describes the TWSST watershed summary reports and how information
contained in them can aid in the development of an effective and efficient monitoring design. Links to
each summary report are provided in the Water Condition Viewer. We recommend the summary
reports as an introduction to the TWSST classification for a given watershed and as a general reference
document.

How can the TWSST tool inform a watershed monitoring design? (See Appendix D for examples)

1) An ideal monitoring design would collect data from each of the TWSST stream types in the
watershed to capture within-watershed variability.

2) For stream monitoring locations that are selected for any purpose, estimate how far upstream that
monitoring location likely represents by number and location of TWSST groups upstream.

3) From previously collected stream monitoring data, determine if those data are representative of the
entire upstream area. If not, locate monitoring locations upstream on unique TWSST stream groups
to capture spatial variability.

4) Determine vulnerable tributaries contributing to poor water quality downstream and most likely
pollutants, for example, TWSST groups with high agriculture or developed land cover or high soil
clay content.
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The summary report for the Lemonweir River watershed is provided in Figures 27-30 as an example of
the TWSST output. Page 1 of the report (Figure 27) contains an overview map showing the location of
the watershed, general information about the watershed, and summary statistics for the ten physical
characteristics used in the stream classification. Summary statistics are provided for the TWSST
watershed and the entire state to enable comparisons. For example, soil clay content is very low in the
Lemonweir River watershed and lower than the statewide average. Presence of wetlands/lakes is

notably higher here compared to the whole state, while developed and forested land cover are typical
for the state.

= =

' Targeted Watershed Site Selection Tool

Lemonweir River

TWSST watershed ID: 07070003_S

HUC 8's included: 07070003 (South)

DNR District: West Central, South Central
Area: 923 square miles

Total stream length: 1547 miles

Summary statistics for the physical characteristics used in the stream classification.
Data are from DNR’s Wisconsin Hydrography Dataset (WHD)

TWSST watershed Statewide
Physical characteristic from WHD Mean Median | Mean Median
E90 stream flow (cfs) 53.6 0.17 19.9 0.15
Water temperature (°C) 22.0 22.0 21.7 21.8
Slope (degrees) 3.6 2:3 4.0 2.6
Percent agriculture 32 31 43 45
Percent developed 6 5 6 4
Percent forest 46 45 45 42
Percent wetlands/lakes 9.9 15 3.6 0.6
Percent soil clay content 9 8 15 14
Percent soil organic matter content 5 1 4 2
Soil permeability (in/hour * 100) 678 697 353 241

WECONSN aste.//docmanzan zov/zl P Yiewars

Explore TWSST with DNR's Water Condition Viewer

Wazer Cordition ViewerGProinc=2c057192-025-2410 3685°5

Z5c3a520

DEPT. OF NATURAL RESCURCES

Bureau of Water Quality, June 2015

Figure 27. Page 1 of the summary report for the Lemonweir River TWSST watershed.
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Page 2 of the report (Figure 28) contains a map illustrating the stream classification in the watershed.
Narrative descriptions highlight the physical characteristics differentiating each group in the
classification. Narrative descriptions are based on boxplots of the ten WHD physical characteristics used
in the classification and inspection of various GIS map layers (e.g. aerial photography and base maps).

In most cases stream group numbers are assigned arbitrarily although there are some exceptions. We
followed the convention of Group 1 always designating the group with the highest (median) stream flow
and Group 2 always designating the group with the coldest median water temperature. All other group
numbers can be considered arbitrary. Consequently, stream groups and their narrative descriptions are
not comparable to groups in other TWSST watersheds. In other words, the classification and narratives
in Figure 28 are unique to the Lemonweir River watershed.

Narrative descriptions of stream groups

Group 1: Highest flow in the watershed. Warm water temperatures, and warmest in the watershed. Moderate
amount of wetlands/lakes.

: Low to moderate flow for the watershed with predominantly cold to cool water temperatures. High
forest land cover, generally greater than 50%, and low slopes. Generally low soil clay content and high
permeability.

: Low to moderate flow for the watershed with
cold to cool water temperatures. High agriculture land
cover, generally greater than 50%, with moderate slopes.
Overall highest soil clay content, between 10 and 20%,
and lowest permeability in the watershed.

Group 4: Low to moderate flow for the watershed with
predominantly cool water temperatures. High agriculture
land cover, generally greater than 40%, with low slopes.
Highest level of developad land, up to 25%.

Group 5: Low to moderate flow for the watershed with
cold to cool water temperatures. High forest land cover,
generally greater than 50%. Highest slopes in the
watershed, generally greater than 8 degrees. Moderate to
high soil clay content and low permeability.

e Group 2
Group 3

s (GrOUP 5
Group 6: Low to moderate flow for the watershed
with predominantly cool water temperatures. Lowest
slopes in the watershed, less than 2 degrees.
Wetlands/lakes highest in the watershed, generally
greater than 20%. Lowest soil clay content, less than
5%, and highest organic matter content and
permeability in the watershed.

Figure 28. Page 2 of the summary report for the Lemonweir River TWSST watershed.
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Page 3 of the summary report (Figure 29) contains boxplots by stream group of the ten physical
characteristics used in the classification. The color scheme used for all boxplots is the same as that used
for all maps (e.g. Figure 28). For all boxplots, the boxes are defined by the 25" and 75" percentiles, and
the whiskers define the 5" and 95™ percentiles. All stream flow boxplots are plotted on a logarithmic
scale. Horizontal dotted blue lines in water temperature boxplots correspond to the threshold between
cold and cool temperatures in the Natural Community system. Horizontal dotted red lines in water
temperature boxplots corresponds to the threshold between cool and warm temperatures in the
Natural Community system.

Like the groups narratives, the boxplots can be used to identify the physical characteristics
differentiating each group in the classification. For example, Group 1 in the Lemonweir River watershed
is primarily differentiated by stream flow volume, Group 5 by high slopes, and Group 6 by presence of
wetlands/lakes. In cases where no single

physical characteristic clearly = =—
. . Stream group boxplots: Physical characteristics
differentiates a group (e.g. Group 4), ; = e
. . . » Physical characteristics are from DNR’s Wisconsin Hydrography Dataset (WHD).
pa Irwise com pa risons are more » Stream flow volume (as 90% probability of exceedance) and water temperature are modeled values.
|nf0rmat|ve. For example' compared to E90 stream flow (cfs) Water temperature (°C) Slope (degrees)
Group 5, Group 4 contains warmer & . PR T
streams with lower slopes and more 3 I o+ et .
ars &/ L ' o | ! I Boxplot colors
developed land cover. In addition to = |4 o H ol = : correspond to
illustrating how groups are sl .f: &l & H £t 2 H el ‘"‘Z:i:“;;d""
differentiated, the boxplots can also be HHI. el il 'H i I
used to assess within group variability. B Hiaiebd | B 4 -
For example, soil clay content is highly | steamoows 1234556 123458 123458
variable in Group 4 but very A
A % Agriculture % Developed % Forest % Wetlands/lakes
homogeneous in Groups 1 and 6. g T T g1 T .1 % T
8 - w o ; g4 il g f
One particularly useful application of 8 - HI o |l 3 8 - H l ;
. . . ] ! ] R g
this information relates to Group 1, g ) ool o] ! I e ik Bi I I
which in almost all watersheds contains S _‘H I N -’Hé SRIIPS l A i :
streams primarily differentiated by high o T il o] i 1] od fioi| o) Eowld
flow volume. The boxplots for all the Stream group # 123456 123456 123456 123456
other physical characteristics for Group L R
1 can be used to determine monitoring & ¥ e i
. . T : 5 Land data
needs along these Mainstems. Higher Bt By | g | g1l I d corer da
variability suggests more monitoring o H ! I : _.- | ; NLCD 2006.
; 5| T & 1 i 2 : Soils dat
locations may be needed. In the case of el EIE I §_ ot e
the Lemonweir River watershed (Figure st N0 53| o | il sl surveys.
. e Porow =, &yl § NA=
29), there is minimal variability in all the ot b | ime] KmBad| ®
other physical characteristics, suggesting | Stesmoow# 1 233445:6 15263 4:5:8 1 23745515 3

that fewer monitoring locations may be

needed along these Mainstems. Figure 29. Page 3 of the summary report for the Lemonweir River

TWSST watershed.
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Page 4 of the summary report (Figure 30) contains boxplots of commonly monitored chemistry and
biology parameters for each group in the classification. Reported values represent a subset of all
monitoring data collected by WDNR and are provided for general reference only. Reported values are
medians for water chemistry and means for biology metrics for the period 2003-2013. Reported fish IBls
are only for stream reaches where observed assemblages confirmed the modeled Natural Community.
Refer to Section 2 for detailed information on quality control for monitoring parameters reported in

TWSST products.

The boxplots can be used to identify stream
groups with unique water chemistry and
biology characteristics. For example, Group
6 has low TP and TN and extremely low TSS
and conductivity compared to the other
groups. Referring to the group narratives
and boxplots of physical characteristics, this
group is differentiated primarily by the
presence of wetlands lakes and high soil
organic matter content. Groups with high
variability in water chemistry or biologic
assessments (e.g. Group 3) may require
more monitoring locations to adequately
characterize conditions in the watershed.

Included below the boxplots is the number
of stations in each group for which data is
being reported. This information may be
used to assess how extensively types of
streams were monitored from 2003-2013.
The number of stations is also important for
interpreting the boxplots. For example, in
Group 5, there are only two stations with TP
data and values are very different, while
Group 3 has 18 different stations with TP
data and values are typically between 100-
150 pg/L.

A user guide with step by step directions on
how to use the TWSST model in the Water
Condition Viewer is provided in Appendix C.

Stream group boxplots: water chemistry and biology

« Data are from DNR’'s SWIMS and Fisheries Management databases.
« Values are medians for water chemistry parameters and means for biology metrics for 2003-2013.

Data are provided for general reference only.
Refer to the report for details on data inclusion criteria and quality control performed.
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Figure 30. Page 4 of the summary report for the Lemonweir River
TWSST watershed.

Page | 41




References

Allan, J.D. 2004. Landscapes and riverscapes: the influence of land use on stream ecosystems. Annual
Review of Ecology, Evolution and Systematics 35:257-284.

Allan, J.D. and M.M. Castillo. 2007. Stream ecology: Structure and function of running waters, 2" Edition.
Springer, Dordrecht, The Netherlands.

Diebel, M., A. Ruesch, and D. Menuz. Ecological limits of hydrologic alteration in Wisconsin streams.
Project report to the Bureau of Drinking Water and Groundwater, April 2014.
http://digicoll.library.wisc.edu/cgi-bin/EcoNatRes/EcoNatRes-idx?id=EcoNatRes.DiebelHydrologic

Doran, J.W. and M.R. Zeiss. 2000. Soil health and sustainability: managing the biotic component of soil
quality. Applied Soil Ecology. 15:3-11.

Gosz, R.G., G.E. Likens, and F.H. Bormann. 1976. Organic matter and nutrient dynamics of the forest and
forest floor in the Hubbard Brook forest. Oceologia. 22(4):305-320.

Hynes, H.B.N. 1970. The ecology of running waters. University of Toronto Press, Toronto, Canada.

Menuz, D.R., A.S. Ruesch, and M.W. Diebel. 2013. 1:24K Wisconsin Hydrography Dataset Plus (WHDPIlus)
Attribution Metadata.

Ruesch, A.S., D.R. Menuz, and M.W. Diebel. 2013. 1:24K Wisconsin Hydrography Dataset (WHD)
Creation Toolset.

Stewart, J.S., S.M. Westenbroek, M.G. Mitro, J.D. Lyons, L.E. Kammel, and C.A. Buchwald. 2015. A model
for evaluating stream temperature response to climate change in Wisconsin. U.S. Geological Survey

Scientific Investigations Report 2014-5186, 64 p., http://dx.doi.org/10.3133/sir20145186.

Wang, L., P.W. Seelbach and R.M. Hughes. 2006. Introduction to landscape influences on stream
habitats and biological assemblages. American Fisheries Society Symposium 48:1-23.

WDNR, 2012. Pecatonica River Watershed Assessment Pilot Project Report. DNR Publication WT-991-
2012.

WNDNR, 2013. Upper Yellow River Watershed Assessment Pilot Project Report. DNR Publication WY-006-
2013.

Page | 42


http://digicoll.library.wisc.edu/cgi-bin/EcoNatRes/EcoNatRes-idx?id=EcoNatRes.DiebelHydrologic

Appendix A

Spearman rank correlation coefficients

Complete results from the Spearman rank correlation analysis are provided here for the Pecatonica
River and Upper Yellow River test watershed datasets, and for the statewide dataset. Correlations are
between WHD physical characteristics and a suite of monitoring parameters characterizing water quality
and biology. Correlations for WHD physical characteristics measured at only one spatial scale are
provided as tables. Correlations for WHD physical characteristics measured at multiple spatial scales are
provided as bar charts. Note that the test watersheds contain monitoring parameters not commonly
collected statewide.
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Pecatonica River watershed
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Upper Yellow River watershed

Page | 47

000 ©00- 000 800~ 0T0 bcO- 6L0- ¢I0 960 100 SL0- ScO- 600- 820 800~ 1t0- Rypedes a8ueoxa uopes [10s
00 900 O€0 80- 900 10~ 100 I0- 800 €00~ TEO- €00 800~ 820 €10~ LSO 1U33U02 J33jew dlueslo |10s
L00-  $00- STO- LZO €T0- 600 €00 Tz0 000 LOO 6E0 600~ IT0 ¥ZO- 120 650 Ayisuap g 1105
Tro-  €T0-  9T0- SO OT0- g0 ¢00  O0€0  y00- T¢0 LSO 800~ 10 STO- €D 750 Aipedes sa1em 3|qe|iene |10S
900- €00~ 920- 920 O0T0- O0I0 T00 0Z0 Y00~ 900 L£0 OT0- +I0 ¥Z0- 610 850 101084 A11jiqipou3 105
€10 €10 €0 EO- <TI0 200~ 200 000 $0O- 9T0 SI'0- €00 900 920 YLO-  Sk0- a|qe1 193emM 03 y3dag
1T0-  900- 2€0- 20 LT0- €00 900- 200 800~ 8T0- 0I0 T00 00 SZO- 100~  8ED 3poipag 03 yidag
€00 700 O tT0- 600 600- T00- 8O- IT0 y00- Op0- OT0 ¥I0-  OE0  8TO-  09°0- Aujiqeauiag
910 ¢TI0 £LZ0 tE€0- 100 9Z0- €00~ 610 8T0 TEO- 190- 00 810 T¢0 6T0- 150 Auaionpuod o1 nelpAx
800 100- 900- 100 €0 b00- 800- 8€0 800 0S0 €0 p0O IO 9T0  L00  Z0 Aep uzniad j10s
pI'0- €00- €0- O0€0 €0~ 0Z0 T00 SZ0 LI0- 610 0S0 700~ 6T0 €0~ STO 850 15 3u2012d 105
Z€0-  z€0- 0T0- SED 800~ 60 000 €0~ OO0 100- IT0 900 OT0- SO0 920 6I0- pues Jusoiad |05
0T0 €0 0T0 810~ 610~ 000 (IO 010~ 910 8€0- Ty0- S00- (IO~ 20~ 610 100 1938M Uado/SpueIAM
0z0 950 €0 Ty0- [Z0- Oy0- TITO- TT0- TT0- 190~ T80- ZI0- €0 000 9v0- bSO 159104
810 800- ¢I'0 100 9T0 000 800 Tg0 (IO 80 Oy0 v00- 9T0 TE0 ETO €TI0 padojanag
tz0-  TE0-  SE0- 0 ZZ0 660 10 OT0 900 IS0 SL0 STO  IT0  $00-  S¥0 90 amnousy
¥T0  STO 00 O0E0- TE0 ZI0- €00  9v0 800~ IO 8T0 800~ 620 80 100  7TO- adojs
I8l 1d3% lgiw 1gH 1093 @og  ey)  Hd  aeyns apuojy) puo)  sSL  sue  NIO  NL  dl dnsualeIey) |9n3|-3[edspue]
T[00 1¢0- [00- ¥00- a0 €00 8O- 8LO- <10 SIO 600~ 200~ €00- 00 00~ 8C0- 1UalpeI
910  0Z0 LEO €€0- €00 IO~ 000 OT0 SO0 800~ 920 Y00 00 OO0 910~ ELO- Ayisonuis
820- [00- 000 900 t00- SP0 €0 STO 800 810 €0 SO0 000 ZEO- 90  ZEO ainesadway sajem ueaw Ajny
Lz0- [00- 000 SO0 SOO- b0 €0 9T0 800 8I0 €0 SO0 T0O IE0- SIO  ZEO ainjesadway Ja3em ueaw ysnsny-auny
1T0- 910 €0 8€0- 900 SO0 STO  O0T0 ¢TI0 SI0 O0T0- T00- 900~ ¢Z0 €00  8E0- ainjesadwia) J23em Ueaw Ajlep wnwixep
0 €0 190 IS0- 600 I0-  SI0  ZED 200 900 920- OT0- OO0 LEO (IO~ 2O (063) MOjjwELS [ENUUE PaZI[EWIOU B3LY
0z0 50 0L0 [S0- ST0- vI0- 810 ZED €00- 90 Ip0- €00~ v00- 00 ZEO-  6E0- (053) mojjweans [enuue pazijewlou ealy
0z0 Ty0 €0 6T0- 6y0- €00- 10 €0 800 STO- 600~ 9T0- IO~ TE0- 900~ 8T (013) Mojjwieans [enuue pazjjeuriou ealy
SE0 €0 €0 650- EO- €10~ 80 950 €00~ 600 [I0- 07O SO0 €00 €20~ TT0- (063) Mojjwieans [enuuy
6€0 20 690 ¥SO- LE0- SIO- LZO LSO 00~ T10- €10~ 2¢O~ 00 200 Z0- 200 (053) Mojjwieans [enuuy
SE0  $90 950 E€¥0-  wb0-  TT0-  LZ0 S0 100 00 €00- 6T0-  T00-  TT0- IO~ SIO (013) Mojjwieans jenuuy
I8l 1d3% laiw_ 1gH 11091 @od  elyd)  Hd  aleyns spuojy) puod  sSL  suedl  NIO | NL  dL dRsualeIey) ULy Weaxs




Spearman Rho

0.2 1

Spearman Rho

Spearman Rho

Percent aariculture

0.8

0.6

0.4

0.2

0.0

Upper Yellow River test watershed

Local Riparian Network Riparian
Local Watershed [N Network Watershed NI

Percent developed

0.6

0.4

o
N
L

0.0

FIBI HBI miBl 235 BOD TSS Chloride Sulfate Ecoli Conductivity pH Transparency TN DIN

Upper Yellow River test watershed

Local Riparian Network Riparian
Local Watershed NI Network Watershed I

Percent forest

0.5

0.0

-0.5

FiBI HBI miBl TP BOD TSS Chloride Sulfate Ecoli Conductivity pH Transparency TN DIN

Upper Yellow River test watershed

Local Riparian Network Riparian
Local Watershed NI Network Watershed I

FiBI HBI miBl TP BOD TSS Chloride Sulfate Ecoli Conductivity pH Transparency TN DIN

Page

| 48



Spearman Rho

Spearman Rho

Spearman Rho

Percent wetlands and lakes

0.2 A

0.0

0.2 4

Upper Yellow River test watershed

Local Riparian Network Riparian
Local Watershed NI Network Watershed NI

0.4

0.2

(=]
o
1

s
N
1

FIBI HBI miBl 235 BOD TSS Chloride Sulfate

Ecoli Conductivity pH Transparency TN

Upper Yellow River test watershed

Local Riparian Network Riparian
Local Watershed NI Network Watershed [N

DIN

Soil permeability

0.2

0.0

o
N
1

0.4

FIBI HBI miBl TP BOD TSS Chloride Sulfate

Ecoli Conductivity pH Transparency TN

Upper Yellow River test watershed

Local Riparian Network Riparian
Local Watershed NI Network Watershed I

DIN

FIBI HBI miBl TP BOD TSS Chloride Sulfate

Ecoli Conductivity pH Transparency TN

DIN

Page | 49



Statewide
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Wisconsin statewide dataset
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Spearman Rho

Spearman Rho

Spearman Rho
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Appendix B

Maps of WHD variables used in the TWSST stream classification

This appendix contains maps of the ten physical characteristics from WHD used in the TWSST stream
classification.

Modeled stream flow volume

Modeled stream flow volume is based on the Natural Community annual 90 percent probability of
exceedance in cfs and is considered a baseflow measurement. Stream groups in the TWSST model are
not classified using the same breakpoints as the Natural Community model but use the same data to
develop the groups. Stream baseflow strongly influences fish community structure but has a lesser
effect on macroinvertebrate communities. This model does not measure stream flow variability (or
flashiness) which can have large effects on structuring aquatic communities and the relative impacts
sediment and nutrient loading have on streams.

E90 stream flow (cfs)

<01
0.01-0.10
0.11-1.0

B 11-100
B 10.1-100.0
I > 100

Not attributed
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Modeled water temperature

Modeled water temperature is based on the Natural Community maximum daily mean water
temperature (°C). Stream groups in the TWSST model are not classified using the same breakpoints as
the Natural Community model but use the same data to develop the groups. Water temperature
strongly influences the structure of fish communities. Temperature has a lesser effect on
macroinvertebrate communities, except that warm water systems are able to hold less dissolved oxygen
which may prevent some very sensitive taxa from colonizing those streams. In Wisconsin, coldwater
streams are associated with more groundwater inputs and warmwater streams with more overland
flow.

Water temperature (deg C) b
I 12.0- 2056 (Cold)

. 20.7-22.5 (Cool-Cold)
. 22.6-24.6 (Cool-Warm)

B 24.7 - 33.0 (Warm)
Not attributed
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Land slope

This variable is measured as the average slope (in degrees) of the entire upstream watershed for a
particular stream reach. In watersheds with steeper slopes rainwater will typically run off faster into the
valley bottoms and into the streams, although this depends on the permeability of the soils or bedrock
material. Areas of high slopes and anthropogenic land uses have high potential for soil erosion and
corresponding impacts on stream systems. Streams with steep gradients (measured as the channel
slope) may have the ability to mitigate this phenomenon because of increased stream velocity flushing
sediments and depositing them at a lower gradient section downstream.
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Agricultural land cover

Percent agricultural land cover was calculated as the sum of the row crop and pasture land classes from
the 2006 National Land Cover Dataset (NLCD). Agricultural land use can affect water quality through
stream modifications such as removal of riparian vegetation and channel/habitat modifications.
Agricultural land use can also lead to changes in water quality through a variety of land use practices
that alter pathways and rates of sediment and nutrient loading.

% Agriculture '
0
1-25
. 26-50
B -
B 7s- 100

Not attributed
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Developed land cover

Percent developed land cover was calculated as the sum of the open, low, medium, and high developed
classes from the 2006 National Land Cover Dataset (NLCD). Developed land cover is generally associated
with impervious surfaces where rainwater runs off quickly, carrying pollutants to streams and often
resulting in flashy systems. Unique pollutants such as metals, pesticides, and volatile organics may also
be present. Percent developed land cover does not take into account the location of point source
discharges.

0
B i-5
B s- 10
Bl -2
B 26- 100

Not attributed
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Forested land cover

Percent forested land cover was calculated as the sum of deciduous, evergreen, mixed forest, and
forested wetland classes from the 2006 National Land Cover Dataset (NLCD). More forested land cover
in a watershed generally relates to better water quality. For example, tree roots may extend into
shallow aquifers to intercept nutrients before they enter the stream system. Surface runoff and soil
erosion is limited by rainfall interception in the canopy, the protective cover of leaf litter on the forest
floor, and soil stability provided by established vegetation. Percent forested land cover does not account
for management practices such as logging which may contribute to intermittent water quality problems.

0
1-25

26-50
B 51-75
B 76 - 100

Not attributed
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Wetlands and lakes

Percent wetlands and lakes was calculated as the sum of the emergent wetlands and open water classes
from the 2006 National Land Cover Dataset (NLCD). The presence of wetlands and lakes in watersheds
can result in a variety of impacts on stream systems. Wetlands and lakes trap and hold rainfall or water
from upstream tributaries, allow a number of biogeochemical processes on chemical constituents to
occur. Upstream wetlands and lakes usually mediate surface runoff by trapping sediments and
stabilizing stream flow, but chemical composition of the water leaving these systems may vary
depending on the type of wetland or lake and seasonal patterns. Streams in watersheds dominated by
wetlands may have naturally reduced dissolved oxygen, low pH, and limited aquatic life potential.

% Wetlands\ '

and Lakes
0 1
1-5 ‘“

LR
Bl -2 g
B 25 - 100 ]\W

Not attributed
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Soil permeability

Soil permeability is a measure of the rate (inches per hour) at which water is transmitted through soil
pore spaces. Highly permeable soils, such as sandy soils, will absorb and filter water quickly, generally
leading to better water quality. Such soils tend to retain very little water. Low soil permeability
associated with compaction or certain soil structures will lead to more surface runoff and potential for
more sediment, nutrients, and pollutants to enter the stream. Low soil permeability may also lead to
flashier stream systems where water levels rise and fall quickly before and after storm events.

Permeability
(inhour * 100)

0-100
101 - 200

1 201-300
B 301 - 600
I 601 - 1300

Not attributed
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Soil organic matter content

Soil organic matter is a measure of the amount of organic carbon stored in terrestrial soils. Higher soil
organic matter improves water and nutrient retention. This reduces erosion and subsequently mediates
sediment and nutrient loading to stream systems. Higher levels of soil organic matter also leads to more
biological activity, increases filtration capacity and thereby benefiting water quality.

Not attributed
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Soil clay content

Soil clay content is measured as the percent of soil particles <0.002 millimeters in diameter. Soils with
high clay content have limited capacity for infiltration resulting in increased surface runoff and erosion
and associated impacts on water quality. Clay particles have a weak negative charge which means that
they can hold onto nutrients that have a weak positive charge (cations) such as potassium and
magnesium. Clay particles are also able to bind high amounts of phosphate because of their high surface
area compared to other soil types. These bound nutrients can be easily transmitted through erosion to
stream systems during runoff events.

e L

% Clay
0-5
6-10

B 11-20

Not attributed

Page | 62



Appendix C

How to navigate TWSST output in the Water Condition Viewer

The following tutorial provides a brief introduction to locating and using the Targeted Watershed Site
Selection Tool in the Water Condition Viewer. While this tutorial will be updated periodically,
information in this document may not reflect recent additions or modifications to the Water Condition
Viewer. If this tutorial appears out of date with the look and format of the Viewer the most recent
version can be found online at http://dnr.wi.gov/topic/surfacewater/monitoring/twsst.html or by
visiting http://dnr.wi.gov/ and searching for “TWSST”.

The Targeted Watershed Site Selection Tool (TWSST) has been integrated with WDNR’s 1:24k
hydrography layers and can be accessed via WDNR’s Water Condition Viewer (WC Viewer), a web-based
mapping application. All TWSST products contained in the summary reports are also available in the WC
Viewer. Advantages of using TWSST in the WC Viewer include access to base maps, aerial photography,
existing monitoring locations, and numerous ancillary map layers.

The WC Viewer looks and functions essentially the same as the Surface Water Data Viewer. The large
and increasing number of map layers in the Surface Water Data Viewer and related performance issues
motivated the addition of a second Viewer to house spatial data for WDNR’s Water Resources program.
The main difference between the two Viewers is the list of available map layers. While some critical map
layers are common between the Viewers (e.g. monitoring stations and Natural Communities), many
others are unique to the WC Viewer, such as calculated results and related ratings from streams and
lakes assessments, as well as output from the TWSST model.

The following brief tutorial describes how to access TWSST map layers and products in the Water
Condition Viewer. It also provides a variety of examples of how to incorporate additional map layers
with the TWSST stream classification to assist in the monitoring site selection process. The tutorial
assumes some familiarity with the Surface Water Data Viewer. More information on WDNR’s numerous
interactive web-based mapping applications can be found at http://dnr.wi.gov/maps/gis/applist.html.

Open the Water Condition Viewer

The Water Condition Viewer can be accessed via the Internet with the following URL:

http://dnrmaps.wi.gov/sl/?Viewer=water condition viewer
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Turn On TWSST Map Layers

1. Click the Show Layers button.

Like the Surface Water Data Viewer, map layers in the WC Viewer are organized into groups of similar
layers. Both layer groups and individual layers can be turned on and off. Several layers are automatically
turned on when opening the WC Viewer; this can be adjusted for your personal preferences.

2. Locate and expand the “Monitoring Study Tools” group and then the “Targeted Watershed Site

|”

Selection Too
in the screen shot below.

The “TWSST Watershed Areas” map layer contains
the 52 TWSST watersheds and most of the
information in the summary report—summary
statistics, narrative descriptions of stream groups,
and boxplots of physical characteristics and
monitoring parameters. The “TWSST Modeled
Stream Groups” map layer contains stream reaches
color-coded by group and is the primary visual
component for interpreting the stream classification.

3. Optional — If your TWA watersheds are
already in the WC Viewer you can locate and
expand the “TWA Projects & Watershed
Plans” group. Turn on the map layers in this
group to view locations and information on
past and current Targeted Watershed
Assessments.

4. Adjust a group’s transparency to allow more
or less visibility of your watershed area.

Map layer groups can be made partially or entirely
transparent, enabling visualization of any layers
behind it. However, the transparency of individual
map layers cannot be adjusted independently of the

group.

group. To view the two TWSST map layers, turn on all groups and layers circled

Water Condition Viewer

v @ ~  Basic Tools Identify Tools Find Location Maps &
A A = g N
- = A '/
4 Home Show Show Re-Order Pan Zoomin Z
1. Layers Legend Layers
= Map Layers
Layer Theme:  Water Condition (default) v
Show Legend Filter...
=] (1) Water Quality Datasets =
[+] | _| Assessment Datasets
[=] {1 Monitoring Projects and Tools
+| |_| Monitoring Sites & Data
[+] [_| Natural Community Modeled Data °H
[=] (v Targeted Watershed Site Selection Tool - |

ﬂ n,«.. 4—1
i

— Group 1
—— Group 2

Group 3

— Group 4

- Group 5
- Group 6
Group 7
(=] |¥] Planning Datasets
[=] ¥ TWA Projects & Watershed Plans o

]
[v] = WQM Watershed Plans 3

Targeted Watershed Assessments
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Locate TWA and TWSST Watersheds

1. Zoom in to the TWSST watershed that contains the TWA of interest.

The TWSST watersheds (typically HUC 8s) are the spatial unit for the stream classification, while TWAs
are typically conducted at the HUC 12 scale. In the screen shot below, TWSST watersheds are shaded
light grey and have thick grey borders. TWA catchments are shaded blue and have thin grey borders. To
aid identification of TWA and TWSST boundaries, the “TWSST Modeled Stream Groups” map layer has
been turned off and partial transparency has been applied to both of the active (turned on) map layer
groups. Recall that the TWSST stream classifications only apply within a TWSST watershed (typically a

HUC 8) and comparisons cannot be made across TWWST watersheds.

5 & Data

Zoom Out Previous
Extent

Navigation

<

Drawing Tools

Measuring Tools

Full
State

Beaver Creek

P
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Help
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<+ | | Jump to a map bookmark... ~

Clicke

i

Plot
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~

" Water Condition v | ~
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Access TWSST Products

1. Zoom in to a TWA or watershed of interest.
2. Click the Point Identify button.
3. Click anywhere within the TWA.
The Point Identify function returns a list of features located at the point clicked. Results are limited to

features from map layers that are active (turned on). In the example below, results include the TWA
feature, a stream feature, and the TWSST watershed.

= g & ~ Basic Tools Identify Tools Find Location Maps & Data Drawing Tools Measuring Tools Help

ﬁ 33 gg >~ {i’/ 4= o= L iq @ ale: 1: 164,

Home Show Show Re-Order Pan | Zoomin Zoom Out Previous Full Point
Layers Layers Extent State Idennfy

Jump to a m;

Navigation Locatio 0 caie

<< View History

Refine Results | Table View Export to Shapefile
Select Al

Fleming Creek-Black River, 1020
TWA Project

Huc 10: 0704000712

Name: Fleming Creek-Black River
HUC 12:070400071201

Name: Rathbone Creek-Soper Creek

Dustin Creek, (WBIC 1694300) 3
River or Stream Metadata =

About the Water 4.

.

(@) rwssT Group: Biack River South (07040007_S)
Watersheds for TWSST Modeling Results
TWSST Report for Black River South

Group 1: Highest flow and warmest water temperatures in
the watershed, greater than 26°C.

Group 2: Lowest flow and coldest water temperatures in
the watershed. Low to moderate agriculture and highest
slopes in the watershed. Highest forest land cover for the
watershed, generally greater than 6§5%. Moderate to high
clay content and low organic matter and permeability.
Group 3: Low to moderate flow for the watershed with cold
to cool water temperatures. Highest agriculture in the
watershed, greater than 40%, with moderate slopes.

Fleming Creek-Black River

4. Hover over the name of any feature in the Results list and that feature is highlighted on the
map.

5. Click the name of the TWSST watershed in the Results list.

A pop up window appears containing two tabs, Details and Attributes. Click on the Attributes tab to
display a table of all attributes associated with the TWSST watershed. Most of these will be familiar from
the summary reports. Click on the Details to access narratives of stream groups and links to the TWSST
watershed summary report and boxplots of physical characteristics and monitoring parameters. It may
be helpful to print the TWSST watershed reports and have a hard copy on hand to refer to instead of
switching between tabs on your computer screen,
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View The Stream Classification

1. Switch from the Results tab back to the Map Layers tab.
2. Turn the “TWSST Modeled Stream Groups” map layer on if needed.

There are six groups in this TWSST watershed, four of which are found in this TWA. At this point, it is
useful to review the group narratives and boxplots with the objective of relating the spatial patterns on
the map to both differences and variability in physical characteristics and monitoring parameters. If you
are unable to open the maps, group descriptions and boxplots at once on your monitor it can be useful
to print out the relevant summary report to help interpret differences in stream groups.

[=] [/ Monitoring Projects and Tools
[+] |_| Monitoring Sites & Data
[+] [_| Natural Community Modeled Data .U
[=] |v] Targeted Watershed Site Selection Tool -{_|
v [[] TWSST Watershed Areas
2, ‘ [v] = TWSST Modeled Stream Groups

- Group 1
~—— Group 2

Group 3
— Group 4

— Group 5

— Group 6

Group 7

Lat:
| Lon:

B

ﬂ Home == Map Layers @\ Results (4) 1,

Terms of Use DNR Website | SWIMS | Comments |
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Incorporate Base Maps

Multiple base maps are currently available in the WC Viewer. In the screen shot below, leaf-on air
photos provide context for the stream groups. The darker air photo base maps may also provide
contrast to the color-coded streams making them easier to visualize.

[=] [+/] Water Quality Datasets
[¥] [_| Assessment Datasets
[=] [¢/] Monitoring Study Tools
[_] Monitoring Sites & Data
[] Natural Community Modeled Data
[=] [v] Targeted Watershed Site Selection Tool
[ [J TWSST Watershed Areas
[#/] i~ TWSST Modeled Stream Groups
[+] [¢/] Planning Datasets
[+] [_| management Actions
[#] [_| Water Resources

[+] [_| Administrative, Political Boundaries
[#] || Forest, Land Cover
[=] ] Base Maps
[C] cities, Roads, Waterways
[C] Public Lands
[_] Air Photos Leaf-off (2010 WROC)
[¥/] Air Photos (NAIP 2013)
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Incorporate Additional Map Layers

The WC Viewer contains numerous map layers than can be turned on for viewing alongside the TWSST
stream classification. Some of these map layers are also contained in the Surface Water Data Viewer
(e.g. SWIMS monitoring stations locations) and you may be familiar with them. Other layers are only
contained in the WC Viewer (e.g. mIBI ratings for stations and assessment units).

In the screen shot below, the following map layers have been turned on: SWIMS point stations, mlIBI

assessments, and grant and permit locations.

1. Click the Show Legend button to view the symbology for features in all map layers that are

turned on.

= Map Layers

Layer Theme: | Water Condition (default)

Show Legend ‘ 1. Filter.
[=] [ Water Quality Datasets 2 w’/f
=] ¥ Assessment Datasets N LF-
[+] [¥] Streams mIBI 2016 - |
[ [_| Fish IBI Values 2016 "
VIROQUA WASTEWATER TREATMENT FACILITY
[+] || Streams TP 2016 - |
[+] [_| Nonwadeable miBI 2016 -{| Viroqua
[#] [_| Lakes Assessments 2016 -
[¥] [_| Water Assessment Level -]
[ [_| Recreational Use E. coli 2016 =) - \"'*"‘“;’L
[+] [_| Impairments & Assessments ‘“’N“"w'“"-f’”@‘ = \"; s na’*};\
[+] [_| Water Quality Standards & Uses - rr&\’”*‘-\
[] i USGS Gage Stations o
- [| Monitoring Projects and Tools @
+| |¥] Monitoring Sites & Data
= [ Ci ity Modeled Data - |
[+#] [_| Targeted Watershed Site Selection Tool - |
[¥] [_| Planning Datasets pot
=] [¥/] Management Actions 7
[+] |¥] Grant Locations - L
[+ [¥] Permits i \“'xm,\& Ressta

Any map layer that has been published as a map service can be added to the WC Viewer. For example,
the Dams & Floodplains map layers found in the Surface Water Data Viewer are not automatically
loaded in the Water Condition Viewer but can be added.

1. Click the Maps & Data tab, and then click the Add Map Layer button.

Find Location Maps & Data
- O
Ot Point
ldentify
Location Info

Drawing Tools I

M B

Add Map Add
Layer Shapefile

Add Data
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2. Scroll through the list of available map services or search for one by keyword. A search by the
keyword “dam” results in one map service. Click on the thumbnail (not the URL hyperlink) for
the map service to select it, and then click Next.

Add Layer x

Discover a Map Service by entering a URL or search by using keywords.

URL or Keywords: | Dam » Search

Select 3 Map Service - Found 1 Result(s)

WT_Dam_and_Floodplain_WTM_Ext

2 I URL: hitp:fidnrmaps.wi.gov/arcgisfrestisernvices™T_SWDOVAWT_Dam_and_Floodplain_WT!
Select the parent project | aqqiayer %

(top result) to add all
|ayer5 contained in the | Definean alias for your layer, and select a layer from the chosen map service.
Dams and Floodplains
group. You can also select
an individual map layer
from the group, for WT_Dam_and_Floodplain_WTM_Ext (ArcGIS Dynamic Service) 3
example onIy the dams gg%rrnrﬁgni(z\rice is drawn dynamically, resulting in a greater degree of flexibility in exchange for slower
layer, and exclude the
other layers that are
grouped under that parent
project. Click Next, and
then Finish and the map
|ayer will be added to the Re.cord F_Inqd Levels (ArcGIS Feature Ser\fice] . .

This service is an ArcGIS Server feature service which allows you to guery and edit features.
table of contents in the

WC Viewer (the Map Floodplain Analysis Lines (ArcGIS Feature Service)
This service is an ArcGIS Server feature service which allows you to query and edit features.
Layers pane).

Layer Alias | Dams

Available Layers for WT_Dam_and_Floodplain_\WTM_Ext

[ 3

Dams (ArcGIS Feature Service)
This service is an ArcGIS Senver feature service which allows you to query and edit features.

DOT Bridges (ArcGIS Feature Service)
This service is an ArcGIS Server feature service which allows you to query and edit features.

Floodplain Analysis Points (ArcGIS Feature Service)
This service is an ArcGIS Server feature service which allows you to query and edit features.

1% Annual Chance Flood Hazard (ArcGIS Feature Service)
This service is an ArcGIS Senver feature service which allows you to query and edit features.

Back Next Cancel

After adding additional layers such as point sources, base maps, and road layers, begin site selection by
locating SWIMS stations as needed for the specific design and intent of the TWA.
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Appendix D

Examples of how TWSST can be used to determine a watershed monitoring design -
From suggestions in Section 6.

1) An ideal monitoring design would collect data from each of the TWSST stream types in the
watershed to capture within-watershed variability.

, e \-—\ 0400 “~—_4 The TWSST tool can be used to make
sure all stream types are accounted
N for in a monitoring design and

redundancy in monitoring avoided.
Notice in this watershed (HUC 12,

\/_/( V e < black lines) that some tributaries are

similar to the mainstem (green lines).

The TWSST tool would suggest more
i 0704000719
0704000711

blue tributaries and fewer in the
green.

070440050204 intensive monitoring in the red and
pa—_ Y
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2) For stream monitoring locations that are selected for any purpose, estimate how far upstream
that monitoring location likely represents by number and location of TWSST groups upstream.

N

For example, there are three monitoring sites (yellow circles)
on Pine Creek (orange line), a tributary to the Pine River (blue
line, top of picture). The TWSST model suggests that these
three monitoring stations apply to the entire stretch of Pine
Creek, from headwaters to confluence. Unless there was local
knowledge of why these reaches should be treated
differently, staff could apply the data from these sites to the

40301080209 entire waterbody.

040301

River

3) From previously collected stream monitoring data, determine if those data are representative of
the entire upstream area. If not, locate monitoring locations upstream on unique TWSST stream
groups to capture spatial variability.

There are two previous monitoring
locations along Soper Creek (purple).
The monitoring location on the
northern tributary (top, center)
appears as if it is representative of the
entire  upstream  reach. The
downstream station (top left) appears
that it would not apply to the southern
tributary, which is a different stream
type and more variable (red, blue and
orange streams) than where the
downstream monitoring station s
located.
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4) Determine vulnerable tributaries contributing to poor water quality downstream and most likely
pollutants, for example, TWSST groups with high agriculture or developed land cover or high soil
clay content.

10204

070700040301

070700040207

In this example, Babb Creek (orange line,
lower left) meets multiple tributaries as it
flows towards the upper right. From the
TWSST stream group descriptions the
orange reaches have the highest %
agriculture and highest % clay soils in this
watershed. The blue and green streams
have more forest and lower soil clay
content. If there were issues with
sedimentation or total phosphorus
downstream, the orange sections of Babb
Creek would be likely contributors to these
problems. While this is very much
influenced by local land management
practices the TWSST tool indicates a good
spot to begin investigating.
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