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Abstract

This study provides a scientific basis for developingaasification system in
support of nutrient criteria development for streamsramuls based on their
susceptibility to algal growth. Those streams having higél diomass as a result of low
nutrient concentration are considered susceptible togigatth. Conversely, streams
having low algal biomass and high nutrient concentratioc@nsidered less susceptible
to algal growth. The process of setting nutrient gatesrcomplex due to various
designated water uses that require different levelsatéraquality protection. That
complexity is compounded further by the diversity in halwtatditions. Scientists have
found that a stream’s response to nutrient enrichmergndis on various habitat factors
such as water velocity, canopy cover along the stbaak) and stream width/depth.
Habitat conditions may differ considerably from one hetacanother and also from
season to season. To account for this spatial and tahyawiability, monthly
aggregated reach-scale habitat conditions were used t@pekielclassification system.

Algae are either the direct or indirect cause of modtlpnos related to nutrient
enrichment. In this study, statistical methods werdieghpo develop a relationship
between algal biomass and nutrients (total nitrogen andptodaphorus). Residuals of
the developed relationship were considered to be attributabteeam susceptibility to
algal growth. Variability of the residuals (i.e., susdaipity values) then can be explained
by habitat conditions. Two sets of monitoring data fondlis streams and rivers were
used to develop the statistical models. The susceptibdibitat model uses habitat
monitoring data to predict stream susceptibility, andsiflashese streams based on their
susceptibility. Eventually, the classification systeay be used to develop site-specific
nutrient standards based on stream tolerance to nstrieatso can be used to prioritize
streams and rivers for the Total Maximum Daily Load (TIM@nd for watershed
management purposes.

This two-stage model approach was tested on two datasélisibis. The Fox
River dataset included nine locations on the Fox Riverakel McHenry, Kane, Kendall,
and LaSalle Counties. The lllinois Environmental PradvecAgency (IEPA) dataset
included extensive habitat factors and nutrient data oletvi42 locations on rivers
and streams throughout the state. Those data wereausstihate the nonlinear
regression modelf for calculating susceptibility based on the habitatoiec
Validation entailed comparing predicted susceptibility widhserved” susceptibility
calculated as a residual from the nutrients-algal biorfwddsrophylla) nonlinear
regression modelA{)f. Various combinations of linear or squared inputs werengeu
for both § and $ models, and those models giving the best-fit statistere identified.

Results show how the proposed two-stage model could bermepted for
watershed classification based on stream susceptibildpger, more complete datasets
will be required in the future to further test the resald to finetune the models,
however.
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Development of Streams Classification System
for Nutrient Criteria in lllinois

by
Momcilo Markus, Lian-Shin Lin, and Amy Russell
Center for Watershed Science

1. Introduction

Excess nutrients are one of the leading causes ofriedpanater quality of the
nation’s streams and rivers (USEPA, 2002). The U.S. Emviemtal Protection Agency
(USEPA) has published recommended nutrient criteria foerdiftt types of water bodies
and different ecoregions of the country to prevent eutcapbn, a condition in an
aguatic ecosystem where high nutrient concentratiamsiistte blooms of algae
(USEPA, 2000a; USEPA, 2000b). The USEPA also is assigaibgssand Indiatribes
in developing numeric water quality standards based oe tlez®mmended criteria.

The trophic state of streams and rivers is commonlgrdenhed from water-
quality variables such as nutrient concentrations, algahdss, and turbidity. Additional
variables such as dissolved oxygen (DO) and pH also atktagievelop nutrient
criteria. The scientific literature includes many stsdihat explore relationships between
nutrient concentrations and algal biomass for estabyjstppropriate nutrient levels to
protect designated water uses (Van Nieuwenhuyse and 1&®&s,Dodds et al., 1997,
Dodds et al., 1998; Chetelat et al., 1999). Those relatipn$ypically were developed
from statistical analyses of nutrient and algal bionte¢a. Efforts to establish nutrient-
algae relationships for streams and rivers, howeveEnaire less successful than those
for lakes due to large variances that cannot be explaindtebglationships developed.
The unexplained variance is attributable to the factttieae are many more factors that
help control algal biomass in streams than in lakesi@®@nd Welch, 2000).

From regulatory perspectives, setting nutrient criteiag be driven by
the need to ensure full support of designated water Udesefore, water bodies with the
same designated uses should be subject to the sameflpk@tieation. From practical
perspectives, nutrient criteria should be based on nufoens that better correlate with
water-quality impairment. Van Nieuwenhuyse and Jones (19@6)exl that summer
mean sestonic (particulate) chlorophyll concentratioriemperate streams exhibited a
strong curvilinear relationship with summer mean total phosgs (TP) concentrations.
They suggested that TP may provide a reliable basis forcparegchlorophyll in small
and large temperate streams worldwide. Dodds et al. (t@@ducted regression
analyses on a large dataset of temperate streams anldtif@anotal nitrogen (TN) and
TP better explain the variation of benthic algal biosrdata than dissolved forms of
nitrogen and phosphorus.



Dodds and Welch (2000) suggested setting nutrient criteria fomitobgen and
phosphorus. Development of the nutrient criteria afsmild consider seasonal
variations. Cold temperatures in winter may inhilgbagrowth so that streams tolerate
higher nutrient concentrations without showing adveffeets. In addition, rainfall
distribution throughout the year often is not uniformg #looding frequency is found to
be one of the factors influencing stream algal biomaggy&Bet al., 1998a; Biggs et al.,
1998b; Biggs, 2000). Development of nutrient criteria alsallshiake into consideration
downstream effects. Stream reaches often exhibitla ringe of velocity and mixing
characteristics. Receiving waters such as lakes andiestoan have dramatically
different hydraulic and transport characteristics tim@ir upstream waters. These
differing hydraulic regimes can lead to significantly eifnt responses to nutrient
enrichment.

Various factors have been reported to influence stream r@spomutrient
enrichment. Scientists have found that stream responsutrient enrichment generally
depends on factors related to stream habitats. Tablerhauzas different factors
examined in some of the studies found in the literatliedble 2 lists conditions of
dominant factors that affect algal biomass (USEPA, 2000c).

Algal growth depends on nutrient concentrations, sudiNasr TP, and habitat
factors, such as water temperature or turbidity. Doddk €997) studied regression
methods to explain variability in algal biomass basedambined nutrients and habitat
factors. The present study introduces a new two-stagethétat separates the effects
of nutrients with those of habitat factors. In thstfstage, statistical methods were
applied to develop a relationship between algal biomass andnst(TN and TP).

Next, residuals of the developed relationship were densd to be attributable to stream
susceptibility to algal growth. Variability of the residgi@.e., susceptibility values) then
was explained by habitat conditions in the second stages. study i) separates the
effects of nutrients and habitat factors on algal growtdefines stream susceptibility to
algal growth as a residual of the relationship betweemenis and algal biomass, and iii)
serves as a scientific basis for watershed claatdic based on their susceptibility. This
model for stream classification can be used for nutaateria development in lllinois.

This research does not address questions regarding biddiggiknd limiting
nutrients. It is based on the findings of Dodds et al (188@)Dodds (2003), which
support the use of TN and TP as the best indicatorsiitr state.

This study uses two datasets: data collected in the Re@x Riatershed in lllinois
(Appendices A-1, A-2, B-1 and B-2), and a dataset for thieeestate of lllinois
(Appendices C-1 and C-2). The Fox River and the IEPAbdats consist of numerous
nutrient, habitat and chlorophyldata. Although those two extensive datasets contain
long-term ambient data are incomplete and do not nedgssamtain storm-event data,
they represent the best currently available datasetedbong the results of this study
lllinois. The following sections of this report providdormation on these datasets,
model details, and analysis results.



Table 1. Habitat Factors Influencing Algal Biomass in Streams and Rivers

Source

Algaltype NC V D T CC TR SB DA FF IG Data

Munn et al., 1989 Periph x

Van Nieuwenhuyse Phyto  x
and Jones, 1996
Dodds et al., 1997 Periph x

Cattaneo et al., Periph X
1997
Bourassa and Periph X X X

Cattaneo, 1998
Biggs et al., 1998a Periph x

Chetelat et al., 1999 Periph x x x

Biggs, 2000 Periph x

X 6 streams

X 116
streams
205
streams
X 8 streams

X x 12 streams

X X 1 river

13 rivers

X 25 streams

Notes: Periph=Periphyton, Phyto=Phytoplankton, N=nutrients, C=condty;tV=velocity, D=depth, T=temperature,
CC=canopy cover, TR=turbidity, SB=substratum size, DA=dgaraea, FF=flood frequency, and
IG=macroinvertebrate grazing.

Table 2. Conditions of Habitat Factors Affecting Algal Biomass (USEPA, 2000c)

Phytoplankton-dominated systems

High Phytoplankton Biomass

1.

abrwn

low current velocity (< 10 cm/sec)/long
detention time (> 10 dayshd

low turbidity/colorand

open canopwynd

greater stream depénd

great depth to width ratio

Low Phytoplankton Biomass

1.

high current velocity (> 10 cm/sec)/short 1.

detention time (< 10 daysnd/or
high turbidity/colorand/or
closed canopwnd/or

shallow stream depth

1
2
3
4.
5.
6
7
8

Periphyton-dominated systems

High Periphyton Biomass

high current velocity (> 10cm/sec) and
low turbidity/colorand

open canopwynd

shallow stream depind

minimal scouringand

limited macroinvertebrate grazimagd
gravel or larger substragand

smaller depth to width ratio

Low Periphyton Biomass

NogsrwnN

low current velocity (< 10 cm/seand/or
high turbidity/colorand/or

closed canopwnd/or

greater stream dep#mnd/or

high scouringand/or

high macroinvertebrate graziagd/or
sand or small substrata
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2. Data Description

2.1 Fox River Watershed Data Description

The lllinois State Water Survey (ISWS) has an ongoiagept to study water
quality and model the Fox River watershed. A product of phakthe project (funded
by the IEPA) is a comprehensive relational database (Bpiiat stores data from
various agencies and organizations. Data sources wetdi@kafter extensive review
of the literature and related publications on water quatid stream habitat in the Fox
River watershed. The identified datasets were impaotéide FoxDB and details of the
guality assurance/quality control procedures can be foure ireport for the phase |
study (McConkey et al., 2004).

2.1.1 Data Sources

According to McConkey et al. (2004), the FoxDB is populgtecharily with data
from regular monitoring programs of the USEPA, IEPA, &nfl. Geological Survey
(USGS). Those data usually were acquired from the USEHgAcy Data Center
(formerly STORET), the USGS National Water InforimatSystem (NWIS), and the
USGS National Ambient Water Quality Assessment (NAW@atabases. Ambient
Water Quality Monitoring Network (AWQMN) data collectedeaf1998 were acquired
directly from the IEPA.

A major portion of data in the FoxDB are from those ages) but the database
also contains records from regular monitoring by somal lpavernments and facilities,
such as the Fox River Water Reclamation District (A the Fox Metro Water
Reclamation District (FMWRD), and the Northeastdiindis Planning Commission
(NIPC). Datasets are also available from a fewigpstudies investigating water-
quality-related issues in the Fox River watershed. Thts#es include a two-year study
by the Max McGraw Wildlife Foundation (MMGWF) and a manihg program of seven
stations on the Fox River mainstem by the Fox RivedyGroup (FRSG). McConkey
et al. (2004) presented additional descriptions of individual siatirces, their original
structure, attributes, and any special considerations.

2.1.2 Available Data

For the purpose of this study, the FoxDB was inventdaedll available data for
lllinois rivers and streams only. Based on the liteigtinitial queries were made for the
following types of data: algal biomass, nutrients, tentpeeaand turbidity.

Temperature data were the most prevalent: more th@@8gcords from 169 stations
sampled between 1956 and 2003. Nitrogen data in various fasmwate widely



available: more than 22,000 records from 192 stations sdroptereen 1964 and 2003.
The inventoried dataset also included more than 10,000 rezfot@sl phosphorus (TP)
concentrations from 187 stations sampled between 1959 and 206®sxthan 4,000
records of turbidity from 121 stations sampled between 188&@803. However, fewer
algal biomass data were available.

Algal Biomass. Data from 68 sites within the Fox River watershetliohed at
least one of 14 different measures of phytoplankton. Ebengd the phytoplankton data
available in the Fox DB include corrected chloroplaylincorrected chlorophyd,
uncorrected chlorophyll, and uncorrected chlorophyll Periphyton data were available
for only 20 sites. Most of these sites collected only or two samples. The original
goal of this study with respect to the Fox River watedsttata was to obtain detailed
long-term information for as many stations as possiblier than one or two samples
per location. The desired dataset for this study woultla@o results for months or
preferably years for a given location. Thus, the aimlgsluded only those sites for
which at least 12 samples had been collected for any neealphytoplankton or
periphyton. At least 12 measurements of phytoplankton axextable only for 11 sites
on the Fox River. Using the same criteria, sufficjgeriphyton data were not available
from any monitoring site in the Fox River watershed. aAssult, further data
compilation continued for only the 11 sites (listed i[€e8) having sufficient
phytoplankton data. It should be noted that the stademtification numbers used for
the FoxDB provide no information as to the location efation along the river.

Table 3. List of Fox River Monitoring Sites with Phytoplankton Data,
Ordered from Upstream to Downstream

FoxDB Station ID Station description
197 Route 173
184 Johnsburg
23 Route 176
24 Algonquin
240 I-90 Bridge N of Elgin
26 South Elgin
40 Geneva
27 Montgomery
34 Yorkville
30 Dayton
31 Route 71



The two most analyzed measures of phytoplankton at fllesies were
chlorophylla measured by the fluorometric method with acid corred®rORET Code
32209) and without acid correction (STORET Code 32217), 297 and 3plesam
respectively. To supplement these data, an additional 2@lesaeasults of chlorophyé
data (STORET Code 32211) measured by the spectrophotometricdmath acid
correction (USEPA, 1982) also were included in the cordedttaset. Of the 11 sites on
the Fox River, ten stations had information on chlordpyycorrected, and eight stations
had information on chlorophy#, uncorrected. Five monitoring agencies collected
corrected chlorophyk data: FRSG (seven stations), NIPC (four stationsiz 8 ®our
stations), IEPA (two stations) and MMGWF (one statioipe FRSG also collects
uncorrected chlorophyéd data at their seven stations, and FRWRD collectsroacted
chlorophylla data at stations. Some agencies monitor at indepelodatibns, but two
or more monitoring agencies share four of the 11 sitaidss 24, 26, 27, and 34).

After an initial inventory to ascertain whether the neaggcorresponding
nutrient and habitat data were also available for that&g, $wo sites were dropped from
the analysis. Specific data lacking for those two gg&gions 31 and 240) will be
discussed in the paragraphs pertaining to that dataset (Tyiidodi Velocity).

Nitrogen. Total nitrogen (TN) data were not available for all idss More than
400 TN data results were available for only seven sitastored by FRWRD and IEPA.
Because nitrate-nitrogen (N) or nitrate-nitrite nitrogen (N&NO.-N) data and total
Kjeldahl nitrogen (TKN) data were available for all 11 sit€N was calculated from the
summation of simultaneous NENO,-N and TKN data values. This increased the
number of samples available for inclusion in the amstgsmore than 1300.
Unfortunately, despite the increased dataset, les28@of those samples were
collected during site visits when chlorophgltiata also were collected, severely limiting
data usefulness. To increase the usability of the TN ddtiional TN data were
calculated by the summation of simultaneousMCand TKN values, under the
assumption that the contribution of M® to TN is negligible. This nearly doubled the
number of TN sample results available for analysis.

Phosphorus. Total phosphorus data were available for all 11 siteth® Fox
River. The monitoring agencies that collected thesa idatuded were FRSG, IEPA,
USGS, FRWRD, and MMGWEF.

Temperature. Temperature data were available for all 11 sites efrtix River.
The primary monitoring agencies included FRSG, IEPA, US(G8 FRWRD.

Turbidity. Sufficient turbidity data were available only for 1@sit Station 240
(1-90 bridge north of Elgin) was not included due to a datafsenly eight samples
collected in 1964 and 1971, and reported in Jackson candle Uihissunit of
measurement is no longer in common use; consequédrale tdata were deemed
unacceptable for inclusion in the analysis.



Turbidity data included in the analysis were reportedthreeiformazin turbidity
units (FTU) or nephelometric turbidity units (NTU). Pang monitoring agencies
responsible for collecting these data included FRSG, IBRAUSGS. In their chapter
of theUSGS National Field Manual for the Collection of Water Quality D¥fdde and
Gibs (1998) state that turbidity data collected for compkapurposes may require
reporting in NTU, but FTU is considered analogous to NTUer&fore, this study did
not distinguish between samples reported in the two diftaunits.

Velocity. Velocity data are an important variable to the datdyais.
Unfortunately, measures of stream velocity were ext¢hgfimited and available in the
FoxDB for only two sites. Thus, in order to calculsitam velocity information,
additional gage height and streamflow information wértaioed for nearby USGS
stations. A stage-discharge relationship from the US@:stdan could be determined
for seven sites. A cross-sectional area for a dgileenwas calculated by using that
relationship in conjunction with channel geometry dataiobd from hydraulic models
developed for flood insurance studies throughout the weddrand maintained at the
ISWS. Channel geometry data were not available foost&tl (Route 71 northeast
Ottawa), and the site was dropped from analysis. oretmaining two sites (stations 40
and 34), previously prepared hydraulic models for the locatibimterest were used.
Figure 1 identifies the USGS gaging records and the finallogaions used in the
analysis.
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It was not possible to determine the flow conditiondlatiae sites during the
various times of sample collection. Vern Knapp, IS\M®&yiously developed an Illinois
Streamflow Assessment Model (ILSAM) for the Fox Rivaatershed to estimate long-
term streamflow conditions for any location in thetevahed (Knapp and Myers, 1999;
Knapp, 1988). The online version of the model was used tolaedahe long-term
average monthly flows at the nine locations (ISWS, 2004es@ flow values were used
as input for the hydraulic models or with the computedsiectional area to determine
the corresponding mean velocities.

Depth/Width Ratio. The top width and mean depth of the streams alse wer
calculated from the cross-section information forrage monthly flow conditions for
each of the nine sites. Once these values were datstfar each month for each site,
the mean depth, measured in feet, was then divided ggheidth, measured in feet, to
calculate a dimensionless depth/width (DW) ratio.

2.1.3 Data Preparation

The next step in the data analysis involved further préparand processing of
data for the nine locations. For the purpose of aisaligsvas critical that the various
datasets were collected in similar time frames. §#$awere aggregated to a monthly
resolution and thinned to include only data for months veimorophylla data were
available.

In an effort to increase the number of months forclahlorophylla data were
available, a relationship was developed based on simaliamaeasures of chlorophwll
with and without acid correction. A total of 161 sammlekected at the FRSG’s seven
monitoring sites were analyzed for both measures of@biigfl a. These results were
used to develop the relationship shown in Figure 2. THefibéaear relationship is
very nearly 1:1, and the regression indicates that therteeted chlorophyth values are
only about 3.5 percent greater than the corrected salusing this relationship, the
chlorophylla dataset increased to nearly 500 samples.

This process resulted in 176 months of complete recorasrfersites. The
monthly record was considered complete when it includézhat one datapoint for each
variable. If there were two or more datapoints ingdlme month, a simple arithmetic
mean was calculated to represent the mean value of tsea@i@r for that month. While
some months had dozens of observations, most momtiesifty had from one to three
datapoints. Table 4 lists the approximate time frandatd availability.

Contributions of different monitoring agencies to eatthe different monthly
datasets are listed as percentages (Table 5) but do aldt@0tpercent for the
chlorophylla data. This is due to the datapoints calculated frometlagionship
described above (Figure 2). Percentages of chlorogludta calculated using that
relationship are 11 percent and 40 percent for chloroptodrrected and uncorrected,
respectively. Because the analysis requires only omsune of algal biomass, and due

10



Table 4. List of Fox River Monitoring Sites Used in Analysis,
Ordered from Upstream to Downstream

FoxDB Station Total months
Station ID  description  Years with monthly data with data
197 Route 173 2000, 2001, 2002 11
184 Johnsburg 2002, 2003 13
23 Route 176 2002, 2003 11
24 Algonquin 1976, 1987, 1988, 1989, 1990, 2002, 2003 42
26 South Elgin 1976, 1988, 1998, 1999, 2000, 2001, 2002, 2003 34
40 Geneva 2002, 2003 12
27 Montgomery 1976, 2002, 2003 14
34 Yorkville 2002, 2003 13
30 Dayton 1987, 1988, 1989, 1990 26

Table 5. List of Monitoring Agencies and Datasets Used in Analysis

< S o 0 = <
=T = =
£ £3 C g 2 T T 2o
°of 9& =2 & g £ =h
© O o 9 = S5 < Q =
. - = O 2 e — ()

Data collecting agency 5 o 5 = 2 o % ]

Fox River Study Group 50 49 42 46 46 46

IEPA — AWQMN 6 32 44 32 49

IEPA 1 <1 2

USGS* 31 10 2 14 2 * *

USGS - NAWQA 6 <1

Fox River WRD 11 5 6 6

Fox Metro WRD 2 1 1

Max McGraw Wildlife <1 <1 <1 <1 <1

Foundation

North(_eastern III|r_10|§ > 1 1 >

Planning Commission

lllinois State Water . .

Survey*

Note: All numbers given are percentages. *The USGS and I1S@/8od directly collect velocity and channel
geometry data, but other datasets of these agenciesisent to derive velocity and depth/width information.
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Figure 2. Relationship between chloropla/$amples with and without acid correction.

to the large percentage of calculated chloropdyihcorrected data, all further analyses
in this study used only chlorophwylcorrected data.

2.2 Statewide IEPA Data Description

The IEPA has been collecting chloroply/iiiata at approximately 30 ambient
sites since 2000. The IEPA also has been collecting 1-Bglhigll a samples per site
from approximately 100 sites per year, as part of theangive basin survey programs.
Habitat data are also available from the intensive switeg and some of the smaller
ambient sites.

2.2.1 Data Sources

The IEPA grouped their data into two categories. Chdmata include
chlorophylla, nutrients, temperature, and turbidity information. Hashiata include
velocity, depth/width information, and canopy cover infation. Unlike the Fox River
watershed, the algal biomass data were the most abwatapbnent of the IEPA
dataset.

12



2.2.2 Available Data

Algal Biomass. Results for 2267 corrected chloropreyamples from 579
monitoring sites were available from the IEPA. Theoant of nutrient and habitat data
available for these 579 stations within the same tisn@drproved to be a major
limitation of the analysis. All subsequent data alality will be in reference to the
subset of the 579 stations with chloropta/tata.

Nitrogen. Total nitrogen was calculated from the summationrbtikaneous
nitrate-nitrite nitrogen and TKN data values. Only 678 TN tesail 151 sites were
available in the same time frame as the 2267 chloroptsdimples collected.

Phosphorus. Total phosphorus data were available for 150 sites. Tehisegl
the total number of samples with chloroprllTN, and TP results available from 678 to
673 samples.

Temperature. Temperature data were available for the same 150bsite®t for
every month. This reduced the total number of samplsaesmplete information from
673 to 670 samples.

Turbidity. Sufficient turbidity data were only available for 142si This
further reduced the total number of samples with chloroghyiiN, TP, temperature, and
turbidity available for analysis to 627 samples.

Velocity, Depth/Width, and Canopy Cover. Habitat data primarily were
collected during the summer months, which made it prdigtitapossible to match that
habitat information with chlorophy#l samples collected throughout the year. Only two
samples collected at two different locations had cotaepkcords of chlorophyd, TN,

TP, temperature, turbidity, velocity, DW ratio, and apay cover.

2.2.3 Data Preparation

The next step in the data analysis involved further dateepsing for the various
locations. For the purpose of analysis, it wasaaitihat the various datasets were
collected in similar time frames. Like the Fox Riveatershed data, datasets were
aggregated to a monthly resolution.

This process resulted in 586 months of “long” records at 142 sirhe monthly
record was considered “long” when it included at leastaatapoint for each of the
following variables: chlorophylh, TN, TP, temperature, and turbidity. Velocity,
depth/width ratio, and canopy cover information were drddpeEnm the analysis because
only two samples had complete records for all nine vasable

13
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Figure 3. Location of IEPA water-quality stations withmajor drainage basins

14



If there were two or more datapoints in the same mansimple arithmetic mean
was calculated to represent the mean value of the ptgafor that month. Most months
typically had only one datapoint. Figure 3 identifies teations of IEPA monitoring
stations used in the analysis, including three statiotizeif-ox River watershed. Only
two of those three stations had sufficient data fousioh in the Fox River watershed
study, for a total of 12 datapoints common to both inve sbigat
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3. Model and Statistical Analysis

3.1 Model Description

The modeling framework is based on a unique pattern recogaiitn
classification approach that combines hydrologic, chepaca biological data from
various sources. Two groups of variables generally adiged biomass: stream habitat
conditions and nutrients. Habitat conditions largelyted stream susceptibility to algal
growth. Therefore, a high nutrient level does not abv@gult in high algal biomass and
vice versa. The modeling framework consists of two corapts to elucidate the cause-
effect relationship between nutrient levels and algahbigs using susceptibility values.
Figure 4 illustrates the model structure.

The first component, denoted asdalculates the susceptibility as a function of
habitat factors. The second component, denoteg eepfesents algal biomass (AB) as a
function of nutrients (N).

Model development for this approach starts with thersddcomponent, i.e., with
the calculation of algal biomass based on nutrients:

AB = f5(N) + &, (1)

The residuald?) is the unexplained variability attributable to a stream
susceptibility (S) to algal growth, amglis assumed to be equal to S. The next step in this
approach is to characterize S by conditions of the hdhittors (HF):

€=S= ﬁ(HF) +e1 (2)

where f(HF) denotes predicted susceptibilitg), ande, =S-S is the residual. The
function f in the above equation is the first component efgitoposed model.

Combining Equations 1 and 2 yields:
AB = fa(N) + fi(HF) + &1 (3)

The structures of fand $ were defined through an analysis of regressiowdset
simultaneously observed model inputs and modelusitfas detailed in Section 2 of this
report). Parameters of both functions are optichtreough minimization of the
residuals. Function is a linear or nonlinear multiple input-single put (MISO)
function as its inputs are nutrients (TN and TRy autput is algal biomass; the
“observed” susceptibility value (S) is the predicterror, the difference between the
observed and computed algal biomass (AB). Fundiima linear MISO function.
Inputs are conditions of the habitat factors, dmdutput is the predicted susceptibility.
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Figure 4. Model structure for quantifying susceptibility andseaeffect relationship
between nutrients and algal biomass

Modeling in this study has two major steps: model buildimd) model validation.
In model building, several linear and nonlinear modelduoctions { and § were
compared. Each model was evaluated using the adjusted sqoasdation coefficient
(R? and root-mean-square-error (RMSE). Model validatiolu@es an uncertainty
analysis for the chosen models. The entire datasiided into two datasets: training
and testing. Only the training dataset is used in modelibgjlwhile both training and
testing datasets are used in model validation. Thetmineaf model building is opposite
to that of model validation. Model building starts witimction £ and ends with function
f1, but the validation process first uses the functjdo predict stream susceptibility, and
then the function,fto predict algal biomass.

3.1.1 Model Building
The steps in model building (Figure 5) are summarized ms\visi

1. Inthe first stage, all the available physical, cheinigialogical, and
hydrologic data were inventoried. This stage was impomamioidel design,
as the data availability dictates the model input selectData availability,
completeness, and accuracy were critical in devedpyamious test models.
Based on the inventoried data, the preliminary computationtd and time
increments were defined. Three monthly datasets, Fox Ratershed
monthly data, Fox River watershed summer monthly deatcthe IEPA
monthly data, as described in Section 2, were prepareckgsed, aggregated,
and normalized using a logarithmic transformation.
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2. Various linear and nonlineas models were tested. Models having the
minimum RMSE and the maximunf Rere selected for future calculations.
It was assumed that residuals fronmiodels explain the degree of
susceptibility to algal growth based on nutrient enrichrf@ame¢ach model.

This susceptibility, calculated as a residual of moges the observed
susceptibility (S).

3. Observed susceptibility (S) and the habitat factors (H#) tiere used to
estimate the correspondingrfodels. Various;fmodel structures also were
tested, to find the model producing the minimum error. dfrtmber of the,f
models is denoted as M, and the number afddels is denoted as N, the total

number of models tested would beNVl Models were also evaluated usirfg R
and RMSE.

Training

Training Dataset A
I

L 4
Assume f,
Structure and
Estimate
Parameters

v

Calculate
Residuals, RMSE

and R?

Function f,

A\ 4

Assume f;
Structure and
Estimate
Parameters

A 4

Calculate
Residuals, RMSE

and R?

Function f;

Figure 5. Schematic of model building steps
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3.1.2 Model Validation

The model validation stage (Figures 6-7) includes uncertastignation for
models constructed in the model building stage. Although lmedse constructed
using only training datasets, the models were validateldofbr training and testing
stages. Figures 6 and 7 show the validation proceduralfariations of S and AB,
respectively. These figures are valid for both trainingtasting stages.

Figure 6 shows the method used to validate the modelsgoestibility
prediction. Using the observed nutrients and algal bisraasespective fnodel inputs
and output, the model residuals were calculated. The&kiads were considered the
“observed” susceptibility. Using the observed habitat fachéod known;fmodel, a
predicted susceptibility was calculated. Comparing therobd and the predicted
susceptibility is the first component of the validatpocess.

Figure 7 shows the method used to validate the model{girtaomass
prediction. The comparison between the observed dodla@i@d algal biomass is used to
further validate the methods developed in this study. caleilated algal biomass is a
result of the f model using inputs of observed nutrients and susceptibiktyigied by
the § model.

The cross-validation approach was applied to all the re@dddcted in the model
building to further refine selection of the most appiatprmodel. This technique
performs the training procedure using a portion of time-selaa, while the remaining
data are reserved for testing. If the simulation aaum the training stage is superior to
that of testing stage, it may indicate that traininghi noise, and that the model structure
is inadequate. Models (linear and nonlinear regression egsipti@re validated through
RMSE, adjusted R classification success rate, and entropy.

The classification success rate is expressed as anpmyeenf successfully
classified watershed susceptibility S. If the clashefcalculated S coincided with the
class of the observed S, the classification wasiderexd successful. A normal
distribution was fitted to all data, and the classtlimvere equal to the 0.333 and 0.667
guartiles for three categories (low, medium, and hidgh)addition, the class limits were
equal to the three quartiles of the fitted normal diatidm for four categories (low,
medium-low, medium-high, and high). The entropy measticlassification success is
described in Section 3.2.
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Validation for Susceptibility
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Figure 6. Schematic of steps in model validation for eaotrsusceptibility
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Validation for Algal Biomass
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Figure 7. Schematic of steps in model validation for digahass
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3.2 Entropy

Due to its advantages over traditional validation stesisthe concept of entropy
has been very popular in the literature for decadesiofn as defined in information
theory, is a measure of the uncertainty of a particukécome in a random process, and
provides an objective criterion in selecting the math@alamodel. By computing the
entropy of a model output from the available input-outptd,dane can characterize the
association between inputs and outputs. Linfoot (1957) derates$ that the advantage
of using informational correlations in physical applioas is that they are invariant
under transformations, which is not the case with dmary correlation. Amorocho and
Espildora (1973) and Valdes et al. (1975) were among thedinstroduce the basics of
entropy in hydrology. Harmancioglu et al. (1986) comparetetadion-based and
entropy-based measures of information transfer betwasables and addressed several
ways to improve information transfer between two sét@moables. They also discussed
additional advantages and disadvantages of the entaeg®gdlapproach, pointing out that
the entropy principle does not assume normality orpamgicular type of functional
relationship (linear or nonlinear).

Entropy-based techniques also have been used in variousstudigge network
design. Husain (1989) expressed the information-transgitipabilities of a
hydrologic network in terms of entropy and proposed a gatyeonk design method
based on entropy. Harmancioglu and Alpaslan (1992) usedrapyiased uncertainty
measure in water-quality monitoring network design. YaryBurn (1994) described
an entropy-based approach to design streamgaging netwoeksdraa directional
informational transfer (DIT) index, which their stufdyworably compared with the
traditional correlation coefficient approach. Yang andrBstate, “Entropy and mutual
information possess advantages relative to other measuaesociation in that they
provide a quantitative measure of: (1) the informationsig@ion; (2) the information
transferred and lost during the transmission; (3) a demeripf the relationships among
stations according to their information transmissionatteristics” (p. 308). Knapp and
Markus (2003) and Markus et al. (2003) successfully applied a eaddiiT approach to
evaluate the lllinois streamflow gaging network.

Entropy as a measure of the degree of uncertainty atiaydar outcome in a
process can be expressed as follows (Valdes et al., 1975):

H(X) = '[f (x)log[f (x)]dx (4)

where f(X) represents a probability density funttid variable X. Entropy H(X) is also
called marginal entropy of a single variable X. cHrtainty of two variables, X and Y, is
described by joint entropy H(X,Y):

H(X,Y) = [[(x,y)log[f (x,y)ldxdy (5)
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where f(x,y) represents the joint probability densitychion of variables X and Y. A
discrete version of Equation 4 was used to compute entoopyrious models (Press et
al., 1995):

1

6
p(x;) ©

HO = Y p(x,)log

where k denotes a discrete data interval for véixbx, is an outcome corresponding to
interval k, and p(¥ is the probability of x The probability p(¥ is based on the
empirical frequency of variable X. Entropy is espsed in napiers because the base of
the logarithm was equal to exponential conseg@tmorocho and Espildora, 1973). It
was assumed that variable X has a finite numbeoss$ible outcomes (K). A discrete
version of Equation 5 (Press et al., 1988f used to calculate joint entropy:

H(X,Y) = P(X,,Y,)log (7)

P(Xi»y)

=

Il Mx
M-

.ﬂ

11

where k denotes a discrete data interval for véixbl denotes a discrete data interval
for variable Y, p(xy) is the probability of an outcome correspondingnterval k for X
and interval | for Y, K and L are the numbers o$gible outcomes for X and Y,
respectively. In all computations of this researcivas assumed that K=L. For the
number of classes, two classification schemes wsed: K=3 (low, medium, and high),
and K=4 (low, medium-low, medium-high, and high).
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4. Model Application

This study uses two databases: the Fox River watershetobgat(Section 2.1)
and the IEPA database (Section 2.2). The followingethegasets were created based on
these databases (Figure 8) and described in this setigoRok River watershed monthly
data (Section 4.1), the Fox River watershed summerhtyoaéta (Section 4.2), and the
IEPA monthly data (Section 4.3).

4.1 Analysis of Fox River Watershed Monthly Data

4.1.1 Model Building Step 1 (Model Inputs)

The Fox River watershed dataset consists of 176 averagghlsngalues for the
following parameters: chlorophydl TN, TP, temperature, turbidity, velocity, and DW
ratio (see Appendix A).

All seven parameters were tested for skewness using(SAS, 2003).
Regression models require homoscedastic data, meaningghassion residuals are
similarly distributed across various points of the ranfjmdependent variable. Highly
skewed data are often heteroscedastic for which tlegsession models cannot be
applied. To eliminate this problem all the input and outptas#as were transformed
using the equations presented in Table 6. For more explamat data transformation,
see Helsel and Hirsch (1991, p. 228pth TN and TP were log-transformed using the
equation In(x) where x is the nutrient concentratiohlorophylla, temperature,
turbidity, and velocity data were all still signifidinskewed after log-transformation, so
the data were transformed using the equation In(x+c)ienhes the parameter value and
c is a constant selected such that skewness of theetlafgproximated zero. Constants
selected for each parameter are displayed (Table 6).

Table 6. Transformation of Model Inputs and Output

Parameter Transformed? Equation Constant (c)
Chlorophylla Yes In(x + c) 61.15
Total nitrogen Yes In(x)

Total phosphorus Yes In(x)

Temperature Yes In(x + ¢) 46.76
Turbidity Yes In(x + c) 4.93
Velocity Yes In(x + ¢) -0.17
Depth/Width ratio No
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Figure 8. Databases and datasets in this study

Data were divided into separate datasets for training (datased testing
(dataset B). To accomplish this, the total datasetviias sorted by station ID and date in
ascending order. Dataset A consisted of odd-numberedvabises and dataset B
consisted of even-numbered observations.

4.1.2 Model Building Step 2 (Development of f, Model)

Using the 88 observations in dataset A, a regressiogsamalas performed for
the dependent variable logarithm of chloroplayinChla) using all possible
combinations of the following four independent variable$N, (INTNY, InTP, and
(INTPY. The 15 possible combinations follow.

INTN

(INTN)?

INTP

(InTPY

INTN, (INTNY

INTN, InTP

INTN, (INTPY

InTP, (INTP¥}

InNTP, (INTNY

(INTPY, (INTN)?
INTN, (INTNY, INTP
INTN, (INTNY, (INTPY
InTN, InTP, (INTPJ
INTP, (INTPY, (INTN)?
INTN, (INTNY, INTP, (InTPj
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Of these 15 different models, the following seven wetected for further
analysis. All seven models use InChla (the natural itgmarof chlorophylla).

Model 1: InChla = f(InTP)

Model 2: InChla = f(InTP)

Model 3: InChla = f(InTP, (InTP)

Model 4: InChla = f(InTNJ, (InTPY)

Model 5: InChla = f(InTN, (InTNj, (InTPY)
Model 6: InChla = f(InTN, InTP)

Model 7: InChla = f(InTN, (InNTN), InTP, (InTP%)

These seven models were chosen for various reasoogel$Il and 3 were
chosen based on their use by Dodds et al. (1997), and belsausationship between
chlorophylla and phosphorus seemed much stronger than the relaticrettvpen
chlorophylla and nitrogen. Model 2 was chosen because it had the highasd lowest
MSE of all the models with a single independent variabM@del 4 was chosen because
it had the highest fand lowest MSE of all the models with two independeniables.
Model 5 was chosen because it had the hightan& lowest MSE of all the models with
three independent variables. Model 6 was chosen fdreiuainalysis because it
contained both TN and TP. Model 7 was chosen becacasgtiined all four
independent variables. A scatter plot of predicted vs.rebdechlorophylla for Model 1
is shown (Figure 9).

The parameter coefficients estimated for these seweleinare listed (Table 7).
The statistical significance for each variable is iathd.
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Figure 9. Observed and predicted algal biomas®dtiel) for Model 1,
Fox River watershed monthly training dataset
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Table 7. Parameter Coefficients for the Seven f, Models

Model R RMSE Intercept InNTP (InTP) (INTNY INTN
1 0.2074  0.37029  5.25431 0.27848
2 0.2513  0.35989  5.14743 -0.11688
3 0.2446  0.36149  5.179%46 0.05522 -0.09849
4 0.2862 0.35138  5.32638 -0.11387  -0.12628
5 0.3104 0.34540  4.238%5 -0.10880  -0.81858  1.770%
6 0.2514 0.35985  5.68350 0.28713 -0.3528
7 0.3062  0.34645  4.34527 0.07749 -0.083f1 -0.79338  1.68768

Notes: %P < 0.20,bP < 0.05,CP < 0.0l,dP < 0.001. InChla is a dependent variable

4.1.3 Model Building Step 3 (Development of f; Model)

Residuals from these seven models then were used dspéedent variable
(susceptibility) in several multiple linear regressiordels for all possible combinations
of the following four independent variables: log-transfatrtemperature (InTemp), log-
transformed turbidity (InTurb), log-transformed velodityVel), and depth-width (DW)
ratio. These independent variable combinations are gegbi@able 8).

With each of the seven models, theifregression model using the combination
of INTemp, InTurb, and DW had the highestaRd the lowest MSE of all the 15rfiodel
combinations. Therefore, that combination of habitetiies was selected as the best
model to use and designated in bold (Table 8).

Using the following f model: S=f(InTemp, InTurb, DW), parameter coefficeent
were estimated for these models and are listed (Tablehd§ the statistical significance
for each variable is also indicated.

4.1.4 Model Validation

Standardization of Susceptibility

The predicted susceptibility§) was calculated using habitat factors and moglel f
and standardized by subtracting the observed mgaan(d dividing the difference by the
observed standard deviatias) for each datapoint in the training dataset. Thervbse
mean and standard deviation were obtained based on thevedisg, calculated using

nutrients and function.f Equations 8-9 describe the standardizatio8.of
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Next, the adjusted susceptibility was calculated basdbeostandardized
predicted susceptibility and mean and standard deviatiore aftiberved susceptibility:

Adjustedéz H+0Zg (9

The mean and standard deviation for observed stiitigpand predicted
susceptibility for dataset A were used for stanatén throughout the validation
process. The scatter plot of predicted vs. obsesusceptibility for Model 1 for the
training dataset is shown (Figure 10).

Predicted algal biomass was then computed usingdjusted predicted
susceptibility as the residual term in Equatiomd the observed nutrients as the input

for the $ models.
AB =f,(N) + Adjusted (10)

A sample scatter plot of predicted vs. observedldlgmass (chlorophy#) for
Model 1 is shown (Figure 11).

2
Y
1 -
g (52
©
> 0 °2 $% 5
5 |
g2 o %0 ¥ °
o & o ge
ooo <
-1 —
2 \ \ \
-2 1 0 1 2
Predicted

Figure 10. Observed and predicted susceptibilitynpdel) for Model 1,
Fox River watershed monthly training dataset
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Table 8. Fox Monthly Data, Parameter Combinations for Chosen Models

Variable

InTemp
InTurb
InVel
DW

InTemp, InTurb
InTemp, InVel
InTemp, DW
InTurb, InVel

InTurb, DW
InVel, DW
InTemp, InTurb, InVel

InTemp, InTurb, DW
InTemp, InVel, DW
InTurb, InVel, DW
InTemp, InTurb, InVel, DW X

InNTP

X X X x

X X X X %X x

X

X X x X x x x X X x x (InTPY

X

=
®E
= £
= ol
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X
X
X X

O
o
|_
c
N, =
o o
— =
= £
2 2
E R
= - £
N—r — N—r
zZ Zz Z
E E E
£ £ £
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X
X X X
X X X

Note: Bold x signifies the model with the highestdhd the lowest MSE

Table 9. Parameter Coefficients for the Seven f; Models

Model R

0.2892
0.2740
0.2724
0.2245
0.2398
0.2271
0.2333

N O OB~ WDN B

RMSE

0.31039
0.30487
0.30478
0.30587
0.29591
0.31271
0.29629

Intercept

-3.25446
-3.27309
-3.25727
-2.901%8
-3.39147
-2.73615
-3.32480

InTemp

0.68208
0.70807
0.70178
0.64017
0.78177
0.57749
0.76239

InNTurb

0.19558
0.16679
0.1682%
0.1393%
0.10305
0.16848
0.10517

Notes: %P < 0.20,bP < 0.05,°P < 0.01,dP < 0.001. Susceptibility is dependent variable
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-6.98602
-7.12271
-6.74108
-8.01274
-6.66115
-7.79039
-6.23986



4.1.5 Cross Validation

Seven ({,f,) model combinations (each of the seven selegtatiiels coupled with the
one selected fmodel) were applied to the testing dataset (dataseitBhwtrients (TN
and TP) and habitat factors (temperature, turbidity, anchdeijolth ratio) as model
inputs. Using the testing dataset, the observed algabls®(AB) then was compared to
the algal biomass calculated from the seyanddels. A scatter plot of predicted vs.
observed chlorophy# for the § Model 1 using the testing data is shown (Figure 12).
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Figure 11. Observed and predicted algal biomassf{fmodel) for Model 1,
Fox River watershed monthly training dataset
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Figure 12. Observed and predicted algal biomassadtlel) for Model 1,
Fox River watershed monthly testing dataset
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The adjusted predicted susceptibility (Adjus&dalso was calculated for the seven
models using the regression equations fdiddels 1-7 along with the adjustments
described in Equations 8 and 9. A sample scatter ploediqted vs. observed
susceptibility for the testing dataset is shown for Mdd@igure 13). The RMSE and
adjusted Rbetween the predicted and observed susceptibility, eaézlifor both
training and testing datasets are shown (Table 10).

The observed algal biomass was used to validate the feamth f models. The
observed algal biomass was compared to the algal biomabstedefrom the summation

of f and 1 models(AfB). The scatter plot of predicted vs. observed chlorophigt
Model 1 is shown in Figure 14 for dataset B. The RMSEaaljsted Rfor algal
biomass were calculated for both training and testing stagkare shown (Table 11).

Table 10. R? and RMSE for f; Models

Training (Dataset A) _ Testing (Dataset B)

Model R RMSE R RMSE
1 0.5153 0.35143 0.4882  0.35817
2 0.5076 0.34666 0.4406  0.37743
3 0.5068 0.34671 0.4443  0.37473
4 0.4828 0.35305 0.4374  0.36658
5 0.4904 0.33990 0.4261  0.35986
6 0.4841 0.36064 0.4780  0.35228
7 0.4872 0.34103 0.4301  0.35683

Note: Susceptibility is dependent variable

Table 11. R? and RMSE for the Summation of Models f; and f,

Training (Dataset A) _ Testing (Dataset B)

Model R RMSE R RMSE
1 0.6405 0.34732 0.6022  0.35398
2 0.6533 0.34260 0.6013  0.37301
3 0.6494 0.34467 0.5984  0.37252
4 0.6554 0.35096 0.6249  0.36442
5 0.6631 0.33990 0.6249  0.35986
6 0.6441 0.35852 0.6300  0.35021
7 0.6591 0.34308 0.6241  0.35897

Note: Dependent variable is algal biomass
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Figure 13. Observed and predicted susceptibilityn@del) for Model 1,
Fox River watershed monthly testing dataset
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Figure 14. Observed and predicted algal biomassf{fmodel) for Model 1,
Fox River watershed monthly testing dataset

33



4.1.6 Susceptibility Classification Success Rates

The observed susceptibilities were divided into threegoaies (high, medium,
and low) using the following procedure. The preliminary ysialindicated that the
observed susceptibilities have a normal distributibhe meany) and standard
deviation ¢) based on each training sample for the particular meeled calculated.

Next, lower (g) and upper (9 limits were determined such that susceptibility was high
for S>sy; medium for s<S<g;; and low for & 5, where g was estimated 38-0.43%
and g asp+0.435.

To further test the classification system, observedemixlities also were
divided into four categories (high, medium-high, mediomv;land low) using a similar
procedure. Lower (3 and upper (9 limits were established such that susceptibility is
high for S5, and low for &5 where swas estimated g8-0.67%, and g was estimated
asu+0.6. The medium values below average and above the lonieare medium-

low, such thats<S< u. The medium values above average and below the uppeaite
medium-high, such thai<S< g,.

After classification, the following success rates wasmputed for each model

(Table 12). Example matrices for Model 1 for both tlantng and testing stages are
shown (Figures 15 and 16, respectively).

Table 12. Success Rates for 3 x 3 and 4 x 4 Classification Matrices

3 x 3 matrices 4 x 4 matrices
Training Testing Training Testing

Model (Dataset A) (Dataset B) (Dataset A) (Dataset B)
1 0.5113636 0.4886364 0.4204545 0.4204545
2 0.4545455 0.4431818 0.4090909 0.3522727
3 0.4772727 0.4431818 0.4204545 0.3522727
4 0.4772727 0.4318182 0.3863636 0.3181818
5 0.4659091 0.4318182 0.3295455 0.3522727
6 0.5000000 0.4659091 0.4431818 0.3977273
7 0.4772727 0.4318182 0.3295455 0.3409091

34



Percent

Observed S H Observed S H

Figure 15. Model 1 classification matrices for Fox Riatershed monthly training
dataset for susceptibility categories: a) low, mediumd, lagh and b) low, medium-low
medium-high, and high
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Figure 16. Model 1 classification matrices for Fox Riwatershed monthly testing
dataset for susceptibility categories: a) low, mediumd, lagh and b) low, medium-low,
medium-high, and high
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4.1.7 Entropy

Entropy was calculated for all seven models and thegated values are
displayed (Tables 13-14). Further analysis is provided itidpes.

Table 13. Entropy Values for a 3 x 3 Classification Matrix

Training Testing
Model (Dataset A) (Dataset B)
1 1.9960267 2.0787363
2 2.0329504 2.1071196
3 2.0360281 2.0838672
4 2.0460427 2.0868092
5 2.0828733 2.1266582
6 2.0013420 2.0764467
7 2.0689196 2.1297113

Table 14. Entropy Values for a 4 x 4 Classification Matrix

Training Testing
Model (Dataset A) (Dataset B)
1 2.5015147 2.5617585
2 2.5381821 2.6060559
3 2.5361178 2.6011000
4 2.5901225 2.6402741
5 2.5496698 2.6337449
6 2.5320529 2.6269242
7 2.5554732 2.6435307

36



4.2 Summary of Analysis of Fox Watershed Summer Monthly Data

Because algal biomass levels are primarily a concernglaammer months,
further analysis focused on data collected during that tidedds et al. (1997) defined
summer as approximately mid-June through mid-Septembethasmnstudy deemed
summer monthly data as those collected during June, Aludyst, or September. Model
building and validation procedures followed were identiocdahbse used with the Fox
River watershed monthly dataset, and additional modelstiga¢ed are described in the
appropriate section.

4.2.1 Model Building Step 1 (Model Inputs)

The Fox River watershed dataset used consisted of 55 avecelely values for
the summer months of June, July, August, and Septembireféollowing parameters:
chlorophylla, TN, TP, temperature, turbidity, velocity, and depth/tviditio (see
Appendix B). The transformations performed and constmlsted for each parameter
are displayed (Table 15).

4.2.2 Model Building Step 2 (Development of f, Model)

Using the 28 observations in dataset A, a regressiogsamalas performed for
the dependent variable, InChla using the same 15 possible coorsnait model inputs
as in Section 4.1.2. Of these 15 different models, ewghe selected for further analysis
using the summer monthly dataset.

Model 1: InChla = f(InTP)

Model 2: InChla = f(InTP)

Model 3: InChla = f(InTP, (InNTP)

Model 4: InChla = f((INTNJ, (INTPY)

Model 5: InChla = f(InTN, (InTNJ, (InTPY)
Model 6: InChla = f(InTN, InTP)

Model 7: InChla = f(InTN, (InTNJ, InTP, (InTP¥)
Model 8: InChla = f(InTN, (InTNj)

Models 1-7 were used in the monthly data analysis arfteisummer monthly
data analysis. Model 8 was added to the analysis becausiee summer monthly
dataset, it had the highest &d lowest MSE of all models with two independent
variables. Using summer monthly data, there appearegldacstvonger relationship
between chlorophyk and TN than was previously seen using the entire monthhgelat
A scatter plot of predicted vs. observed chloropaytir Model 1 is shown (Figure 17).

Parameter coefficients estimated for these modelsséed (Table 16), and the
statistical significance for each variable is indidate
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Table 15. Transformations of Model Inputs and Output

Parameter Transformed? Equation  Constant (c)
Chlorophylla Yes In(x + c) 135.38
Total nitrogen Yes In(x + ¢) -1.34
Total phosphorus Yes In(x + c) -0.04
Temperature No

Turbidity Yes In(x + ¢) 94.59
Velocity Yes In(x + ¢) -0.21
Depth/Width ratio No

Table 16. Parameter Coefficients for the Eight f, Models

Model R RMSE Intercept InNTP (INnTP)  (InTNY INTN
1 0.0747 0.26075  5.68051 0.11406
2 0.0040 0.27053  5.561%9 -0.01764
3 0.1982 0.24273  6.00163 0.54694  0.11433
4 0.0818 0.25975  5.62148 -0.01510  -0.10379
5 0.1836 0.24493  5.464%96 -0.00419  -0.30397  0.40097
6 0.0541 0.26364  5.72786 0.11706 -0.06739
7 0.2962 0.22741  5.83009 0.43128  0.0973% -0.24596  0.3248%
8 0.2140 0.24032  5.44883 -0.31368  0.41804

Notes: P < 0.20,bP < 0.05,CP < 0.01,dP < 0.001. InChla is a dependent variable

4.2.3 Model Building Step 3 (Development of f; Model)

Residuals from the eight models were used as the dependent variable
(Susceptibility) in several multiple linear regressiood@ls using 15 different
combinations of four independent habitat variables: Terurm InVel, and DW ratio.
These combinations are displayed (Table 17).

For each of the eight fnodels the regression model using InTurb as the sole
input had the highest?Rind the lowest MSE of all the 15 combinations of hakiztors.
Therefore this variable was selected as the besbdlel to use and is designated in bold
in Table 17. The parameter coefficients estimatediesd models are listed in Table 18,
and the statistical significance for each variabl@dscated.
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Figure 17. Observed and predicted algal biomasadtlel) for Model 1,
Fox River watershed summer monthly training dataset

4.2.4 Model Validation

Susceptibility computed from fvas standardized using the training dataset
according to the procedures described in the earlieosedt the Fox River watershed
monthly dataset. The mean and standard deviation foraosand predicted
susceptibility for the Fox River watershed summer mgnilataset A were used for
standardization throughout the validation processcatter plot of predicted vs.
observed susceptibility for Model 1 is shown (Figure 18);gcatter plot of predicted vs.
observed chlorophy# for this model also is shown (Figure 19).

4.2.5 Cross Validation

The scatter plot of predicted vs. observed chlorohidr Model 1 applied to the

testing data is shown (Figure 20). Adjusted predicted subigitptjadjustedS) also

was calculated for the eight models using the regressjaations forifModels 1-8. A
scatter plot of predicted vs. observed susceptibility fod® 1 using the testing dataset
is shown (Figure 21). The RMSE anfldalculated for training and testing stages for
susceptibility also are presented (Table 19).

As with the Fox River watershed monthly data, the oleskalgal biomass was
used to further validate thednd § models. A scatter plot of predicted vs. observed
chlorophylla for Model 1, using the testing dataset shown (Figure 2B RMSE and
R?calculated for training and testing stages for algal bisras® are shown (Table 20).
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Table 17. Fox River Watershed Summer Monthly Data: Parameter Combinations
for Chosen Models

@ 6 @ 6 6 0 ©

O
o
|_
£
I -
: R
. £ c
Variable S = =
O~ O~ O~
T E Z 4 Z Z
E £ E £ E E
c £ - £ £
X~ = %~ = = = >
o B o B Z Z Z Z
F T EE ' E E E E
E <= £ =S £ £ £ £
Temp X X X X X X X X
InTurb X X X X X X X X
InVel X X X X X X
DW X X X X X X X X
Temp, InTurb X X X X X X X X
Temp, InVel X X X X X X X X
Temp, DW X X X X X X X X
InTurb, InVel X X X X X X X X
InTurb, DW X X X X X X X X
InVel, DW X X X X X X X X

Temp, InTurb, InVel
Temp, InTurb, DW

X
X

Temp, InVel, DW X X X X X X X X
X
X

x
x
x
x
X
x
x

InTurb, InVel, DW
Temp, InTurb, InVel, DW

Note: Bold x signifies the model with the highestand the lowest MSE

4.2.6 Susceptibility Classification Success Rates

The procedure for determining the categories for classibin of susceptibility
was described earlier in the discussion of the FoxrRwatershed monthly data. The
following classification success rates were compute@dch model (Table 21).
Matrices for Model 1 for both training and testing stagessaown (Figures 23 and 24,
respectively).
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Figure 18. Observed and predicted susceptibilityn@ddel) for Model 1,
Fox River watershed summer monthly training dataset
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Figure 19. Observed and predicted algal biomassf{fmodel) for Model 1,
Fox River watershed summer monthly training dataset
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Table 18. Parameter Coefficients for the Eight f; Models

Model R RMSE Intercept InTurb
1 0.1883 0.23052 -5.20302  1.08064
2 0.2032 0.23697 -5.57222  1.1573%
3 0.3209 0.19248 -5.978%5  1.24176
4 0.0954 0.23772 -3.90486  0.81102
5 0.0998 0.21909 -3.66690  0.76166
6 0.1509 0.23376 -4.71370  0.9790%
7 0.1976 0.18801 -4.35485  0.90448

8 0.1102 0.21813 -3.80757  0.7908%
Notes: %P < 0.20,bP < 0.05,°P < 0.01,dP < 0.001. Susceptibility is dependent variable

Table 19. R? and RMSE for f; Models.

Training (Dataset A) Testing (Dataset B)

Model R RMSE R RMSE
1 0.4643 0.26913 0.3649 0.32775
2 0.4718 0.27526 0.3657 0.33485
3 0.5310 0.21599 0.2167 0.44034
4 0.4166 0.28838 0.3692 0.31936
5 0.4190 0.26521 0.3340 0.31103
6 0.4455 0.27674 0.3659 0.32822
7 0.4690 0.21879 0.2213 0.38765
8 0.4245 0.26275 0.3279 0.31480
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Figure 20. Observed and predicted algal biomassadtlel) for Model 1,
Fox River watershed summer monthly testing dataset
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Figure 21. Observed and predicted susceptibilityn@del) for Model 1,
Fox River watershed summer monthly testing dataset
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Table 20. R? and RMSE for the Summation of Models f; and f,.

Training (Dataset A) Testing (Dataset B)

Model R RMSE R RMSE
1 0.5389 0.26913 0.4119 0.32775
2 0.5153 0.27526 0.3761 0.33485
3 0.6047 0.22026 0.4510 0.44942
4 0.5249 0.29409 0.3380 0.32594
5 0.5519 0.27604 0.3684 0.32427
6 0.5222 0.28222 0.3787 0.33499
7 0.6111 0.23262 0.4122 0.41324
8 0.5709 0.26795 0.3916 0.32129

Table 21. Success Rates for 3 x 3 and 4 x 4 Classification Matrices

3 x 3 matrices 4 X 4 matrices
Training Testing Training Testing
Model (Dataset A) (Dataset B) (Dataset A) (Dataset B)

1 0.6428 0.4444 0.4642 0.2962
2 0.5714 0.4074 0.3928 0.4074
3 0.6428 0.4074 0.5357 0.3333
4 0.4642 0.4444 0.3571 0.4444
5 0.5357 0.5185 0.3571 0.2222
6 0.6428 0.4074 0.5000 0.3333
7 0.5357 0.4074 0.3928 0.3333
8 0.5357 0.5185 0.3571 0.2592
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Figure 22. Observed and predicted algal biomassf{fmodel) for Model 1,
Fox River watershed summer monthly testing dataset
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Figure 23. Model 1 classification matrices for Fox Riwetershed summer monthly

training dataset for susceptibility categories: a) lowdioma, and high and b) low,
medium-low, medium-high, and high
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Figure 24. Model 1 classification matrices for Fox Riwetershed summer monthly
testing dataset for susceptibility categories: a) loegliom, and high and b) low,
medium-low, medium-high, and high
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4.2.7 Entropy

The computed entropy values are displayed in Tables 22 andu2ther analysis
is provided later in Section 5.

Table 22. Entropy Values for a 3 x 3 Classification Matrix

Training Testing
Model (Data Set A) (Data Set B)
1 1.9636 1.8933
2 2.0131 1.9935
3 1.9141 2.0009
4 2.1000 1.9227
5 2.0788 1.8058
6 1.9636 1.8058
7 1.9490 1.9815
8 2.0788 1.8058

Table 23. Entropy Values for a 4 x 4 Classification Matrix

Training Testing
Model (Data Set A) (Data Set B)
1 2.3052 2.3648
2 2.3734 2.3942
3 2.1000 2.4649
4 2.4531 2.3403
5 2.3759 2.3648
6 2.2087 2.3109
7 2.2647 2.3942
8 2.3759 2.4161
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4.3 Summary of Analysis of IEPA Monthly Data

4.3.1 Model Building Step 1 (Model Inputs)

The IEPA statewide dataset consists of 586 averagehiyosatiues for the
following parameters: chlorophydl TN, TP, temperature, and turbidity (see Appendix
C). Transformations and constants selected for eaelmgder also are displayed (Table
24). Data were subdivided into two separate datasetsainingy (dataset A) and testing
(dataset B) using the procedure described for the Fox Rearshed monthly dataset
(Section 4.2).

4.3.2 Model Building Step 2 (Development of f, Model)
Using the 293 observations in dataset A, regressionssahas performed for

the dependent variable (InChla) using the 15 combinations nénuinputs displayed in
Section 4.2.1. Of these 15 models, the following nine walseted for further analysis:

Model 1: InChla = f(InTP)

Model 2: InChla = f(InTP)

Model 3: InChla = f(InTP, (InNTP)

Model 4: InChla = f((INTNJ, (INTPY)

Model 5: InChla = f(InTN, (InTNJ, (InTPY)
Model 6: InChla = f(InTN, InTP)

Model 7: InChla = f(InTN, (InTNJ, InTP, (InTP¥)
Model 8: InChla = f(InTN, (InTNj)

Model 9: InChla = f((InTN3, InTP, (InTP¥)

Models 1-8 were used in the Fox River watershed summethiyatata analysis
and continued to be used for analysis of IEPA data. Mddels added to the analysis
because, for the IEPA monthly data, it had the high&sin lowest MSE of all the
models with three independent variables. The scatteopfredicted vs. observed
chlorphylla for Model 1 also is shown (Figure 25).

Table 24. Transformations of Model Inputs and Output

Parameter Transformed? Equation  Constant (c)
Chlorophylla Yes In(x + c) 0.45
Total nitrogen Yes In(x + ¢) 2.8
Total phosphorus Yes In(x + c) 0.016
Temperature No

Turbidity Yes In(x + ¢) 131
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Figure 25. Observed and predicted algal biomassadtlel) for Model 1,
IEPA monthly training dataset

The parameter coefficients estimated for these madeliisted (Table 25), and
the statistical significance for each variable assmdicated.

4.3.3 Model Building Step 3 (Development of f; Model)

Residuals from these nine models then were used as theddapegariable
(susceptibility) for the following three options for dedent variables in linear
regression models: (1) temperature (Temp), (2) log-turbfthiiyurb), and (3) Temp and
InTurb. The model using the combination of Temp and InTarbthe highest fand the
lowest MSE. The use of both of these habitat fact@s selected as the bestrfodel.
The parameter coefficients estimated for these nirgeinare listed (Table 26).

4.3.4 Model Validation

Susceptibility computed from fvas standardized using the IEPA training dataset
according to the procedures described in the earlieosect the Fox River watershed
monthly data. The mean and standard deviation for obsancedredicted susceptibility
for IEPA dataset A were used for standardization througtie validation process. A
scatter plot of predicted vs. observed susceptibility fod® 1 is shown (Figure 26), and
the scatter plot of predicted vs. observed chloroghidr dataset A for this model also is
shown (Figure 27).
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Table 25. Parameter Coefficients for the f, Models

Model R RMSE Intercept INTP INTP2 INTN2 INTN
1 0.0584 1.26489 2.954%2  0.31820

2 0.1416 1.20771 2.975%9 -0.15590

3 0.1951 1.16943 2.58627 -0.73462 -0.36987

4 0.1658 1.19057 3.56795 -0.17833  -0.13133

5 0.1789 1.18117 -0.12311 -0.14810 -1.05292  3.7284%
6 0.0659 1.25983 3.689386  0.37496 -0.33591
7 0.2165 1.15379 0.15364 -0.63213-0.33139  -0.84578  2.99370
8 0.0991 1.23725 -5.06570 -2.08420  8.15047
9 0.2091 1.15927 3.08947 -0.67124 -0.36919  -0.10417

Notes: %P < 0.20,bP < 0.05,CP < 0.01,dP < 0.001. InChla is a dependent variable

Table 26. Parameter Coefficients for the f; Models

Model R RMSE Intercept Temp ITurb
1 0.1348  1.17455 -1.75561  0.02656 0.39823
2 0.0856  1.15286 -1.31577  0.02798 0.25990
3 0.0839  1.11546 -1.161%9  0.03356 0.18685
4 0.0797  1.13821 -1.271%5  0.02420 0.26447
5 0.0934  1.11885 -1.34745  0.02687 0.27450
6 0.1329  1.16912 -1.73622  0.02353 0.40693
7 0.0887  1.09385 -1.20878  0.0319% 0.20878
8 0.1912  1.10885 -2.02041  0.03337 0.44479
9 0.0771  1.10795 -1.139%5  0.0301f 0.19678

Notes: %P < 0.20,bP < 0.05,CP < 0.01,d P <0.001. Susceptibility is a dependent variable

4.3.5 Cross Validation

The nine § and §f models were applied to the validation dataset (daBjseith
nutrients (TN and TP) and habitat factors (Temp, InTuskihadel inputs. Using the
testing dataset, the observed algal biomass (AB) theravapared to the algal biomass
calculated from the ning models. A scatter plot of predicted vs. observed chlorbphyl
for Model 1, using the testing data is shown (Figure 28 adjusted predicted
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susceptibility (Adjusteds) also was calculated for the nine models using the r&igres
equations forif The scatter plot of predicted vs. observed susceptifoli Model 1 for
the testing dataset is shown (Figure 29). The RMSE &ndl&ulated for training and
testing stages for susceptibility also are presented (Bable
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Figure 26. Observed and predicted susceptibilityn@ddel) for Model 1,
IEPA monthly training dataset
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Figure 27. Observed and predicted algal biomassf{fmodel) for Model 1,
IEPA monthly training dataset
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Figure 28. Observed and predicted algal biomasadtlel) for Model 1,
IEPA monthly testing dataset
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Figure 29. Observed and predicted susceptibilityn@ddel) for Model 1,
IEPA monthly testing dataset

The observed algal biomass then was used to validatendé and f models.
The observed algal biomass (AB) was compared to thelatyahss calculated from the

summation offand § modeldAB). A sample scatter plot of predicted vs. observed
algal biomass for Model 1 is shown (Figure 30)dataset B. The RMSE and R
calculated for training and testing stages forldigamass also are displayed in Table 28.
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4.3.6 Susceptibility Classification Success Rates

The procedure for determining the categories for classibin of susceptibility
was described earlier in the discussion of the FoxrRwatershed monthly data. After
classification, the following success rates were complotegiach model (Table 29).
Matrices for Model 1 for both training and testing stagessaown (Figures 31 and 32,
respectively).

Table 27. Adjusted R-squared and RMSE for f; Models.

Training (Dataset A) Testing (Dataset B)
Model R RMSE R RMSE
1 0.4523 1.45258 0.4368 1.47426
2 0.4102 1.41817 0.3995 1.43694
3 0.3941 1.33638 0.3835 1.36943
4 0.4201 1.44555 0.4017 1.48298
5 0.4364 1.43784 0.4183 1.47530
6 0.4590 1.47515 0.4401 1.50519
7 0.4168 1.35602 0.3973 1.40941
8 0.4868 1.35685 0.4675 1.38885
9 0.4007 1.35858 0.3821 1.41034

Note: Susceptibility is a dependent variable

Table 28. Adjusted R-squared and RMSE for the Summation of Models f; and f,

Training (Dataset A) Testing (Dataset B)
Model R RMSE R RMSE
1 0.5106 1.45009 0.4959 1.46920
2 0.5202 1.41573 0.5134 1.43201
3 0.5174 1.33638 0.5233 1.36473
4 0.5358 1.44555 0.5258 1.47789
5 0.5435 1.44033 0.5380 1.47024
6 0.5178 1.47515 0.5015 1.50003
7 0.5381 1.36072 0.5423 1.40458
8 0.5287 1.35685 0.5242 1.38409
9 0.5309 1.36093 0.5324 1.40550

Note: Algal biomass is a dependent variable
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Table 29. Success Rates for 3 x 3 and 4 x 4 Classification Matrices

3 X 3 matrices

4 x 4 matrices

Model Training Testing Training
(Data Set A) (Data Set B) (Data Set A)
1 0.4334471 0.4368601 0.3617747
2 0.4129693 0.3924915 0.3481229
3 0.4129693 0.4095563 0.3344710
4 0.4163823 0.3993174 0.3378840
5 0.3959044 0.3993174 0.3447099
6 0.4607509 0.4368601 0.3310580
7 0.4027304 0.3924915 0.3344710
8 0.4505119 0.4266212 0.3617747
9 0.4027304 0.4027304 0.3344710
8
N
o o
4~ 080886 o®
T ° &f %
> * 8 2 S o
& o % €
(.
© 0L o % °° 23
® s ° °
-4 \
-4 0 4
Predicted

Testing
(Data Set B)

0.3276451
0.3208191
0.3003413
0.2935154
0.3071672
0.3344710
0.3105802
0.3242321
0.3003413

Figure 30. Observed and predicted algal biomass fff model) for Model 1,
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Figure 31. Model 1 classification matrices for IEPA nidytraining dataset
for susceptibility categories: a) low, medium, and lagd b) low, medium-low,
medium-high, and high
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Figure 32. Model 1 classification matrices for IEPA nidytesting dataset

for susceptibility categories: a) low, medium, and lag b) low, medium-low,

medium-high, and high
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4.3.7 Entropy

The computed entropy values are displayed in Tables 30 anduBther analysis
is provided later in Section 5.

Table 30. Entropy values for a 3 x 3 Classification Matrix

Model Training Testing
(Data Set A) (Data Set B)

1 2.1315979 2.1475125
2 2.1681089 2.1628678
3 2.1754190 2.1645803
4 2.1671089 2.1665461
5 2.1708772 2.1664608
6 2.1281189 2.1577796
7 2.1663289 2.1707475
8 2.1103162 2.1432449
9 2.1672676 2.1645147

Table 31. Entropy Values for a 4 x 4 Classification Matrix

Model Training Testing
(Data Set A) (Data Set B)
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1 2.6730121 2.7073104
2 2.7132669 2.7397108
3 2.7256355 2.7309672
4 2.7268546 2.7171269
5 2.7031262 2.7167642
6 2.6850155 2.7007096
7 2.7341155 2.7182372
8 2.6589267 2.6842914
9 2.7373737 2.7267577



5. Discussion

Some streams are more susceptible to nutrient enrichvaset algal growth
than others. Streams with high algal biomass and ldviemt concentrations are
considered more susceptible to building algal biomass huese thaving low algal
biomass and high nutrient concentrations. This susckipt{l8) is defined as a residual
of a nonlinear relationship which explains algal biomass function of nutrient
concentration (mode},fFigure 4). The nutrients used in modedtfe total nitrogen (TN)
and total phosphorus (TP), while algal biomass was repessbg the concentration of
chlorophylla, which serves as a measure of phytoplankton. In addite study
attempts to explain the variability in stream suscepybidialculated in modebf by
habitat factors, such as stream turbidity, temperataceyalocity (model4). This
approach represents a new two-stage conceptual modakamsclassification, in
support of nutrient criteria development.

Models were tested using monthly and summer monthly datisehe Fox
River watershed in Illinois and using monthly data forghtre state from the IEPA
dataset. For each dataset, the data were divided imongand testing datasets. A
variety of statistical models were used to explora¢tetionships between the algal
biomass in lllinois streams and the causative factbos.each dataset, several linear and
nonlinear regression equations were applied to the traintagetan the model building
stage. Model validation was performed on both the trgiand testing datasets. Results
were validated using®/RRMSE, classification success rate, and entropy.

For the Fox River watershed dataset, chlorophglhta were severely lacking.
The IEPA dataset was missing TN data, as well as vg)da\V ratio, and canopy
information. Lack of simultaneous observations ofte habitat factors, the nutrients,
and the chlorophyh, was a limiting factor in designing models for algal biosnas
prediction and for susceptibility development. HoweMee,dvailable datasets were
sufficient to test various nonlinear regression models.

Several conclusions can be drawn for the susceptipilégliction modelf

* The results exhibited significant variability betweeradats. The variability
between models was less significant for the Fox Riatershed monthly and
the IEPA datasets than for the Fox River watershedr&rmonthly dataset.
For example, for the Fox River watershed monthly dagaR for model { in
the testing stage was between 0.43 and 0.49 (Table 10). r8inida the Fox
River watershed summer monthly data, tRev@s between 0.22 and 0.37
(Table 19), and between 0.38 and 0.47 for the IEPA data (T&pleF2r a
general idea of model accuracy, the average perfornfantiee validation
stage is shown (Tables 32-33). For moggl the testing stage, the Fox River
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Table 32. Average Validation R? (Tables 11, 12, 20, 21, 28, and 29)

Dataset Fox Fox Summer IEPA
Stage Training Testing Training Testing Training Testing
f1 0.496 0.449 0.455 0.321 0.431 0.414
fi+f, 0.652 0.615 0.555 0.391 0.527 0.522

Table 33. Average Validation RMSE (Tables 5, 6, 14, 15, 27, and 28)

Dataset Fox Fox Summer IEPA

Stage Training Testing Training Testing Training Testing
f1 0.348 0.364 0.259 0.346 1.404 1.439
fi+f, 0.347 0.362 0.265 0.354 1.405 1.434

watershed dataset had the best correlation, followedeb\EPA dataset
(Table 32). The Fox River watershed summer monthly eiatesl the lowest
correlation. However, the RMSE (Table 33 and Figure 33ht IEPA
dataset was larger than for other cases. That th& dBEaset had a
satisfactory Rbut an RMSE approximately four times larger then formothe
cases in the testing stage can be explained by the saglfi larger, more
diverse area.

* Entropy exhibited significant variability between datas#id insignificant
variability between models within the same datasee Hdx River watershed
summer monthly model had minimum entropy, followed byRbr River
watershed monthly model and the IEPA model (Figure 34).

» The median value of the classification success Fatgi{e 35) was the highest
for the Fox River watershed monthly model, followed liiy Eox River
watershed summer monthly model and the IEPA model.

* The Fox River watershed summer monthly data had theslargiative
difference in RMSE between the training and testing stégigure 33). This
large uncertainty in the results can be explained byyasreall range of input
variables.
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Conclusions regarding the algal biomass prediction (ifgd@®llow:

The accuracy of predicted algal biomass based on nutaelytsvas
satisfactory. The resulting’for the Fox River watershed data was in a 0.21-
0.31 range (Table 7); for the Fox River watershed summathtyodata, in a
0.00-0.30 range (Table 16); and for the IEPA data in a 0.06-(h@2 (dable
25). These results were compared with a similar stDdgds et al., 1997),
that estimated nonlinear regression for 205 streams inZ¢afand and North
America, in which the Rranged between 0.09 and 0.43. These results also
were presented as box-and-whisker plots (Figure 36). Rdsuih the Fox
River watershed monthly data, are found to be, on avenage, consistent
with these of Dodds et al. (1997). However, the Fox Ruagtershed summer
monthly data and the IEPA data had generally lower cowelaoefficients
(Figure 36). This partly can be explained by the differem¢ke dependent
variable between the models. Dodds et al. (1997) used threahkeasophylla
for 2- or 3-month periods, while the present study used dhtyadime-step.
Perhaps, the longer period could have smoothed out theafdlse monthly
data.

Habitat factors and nutrients together{f) were the best predictors of algal
biomass. Results (Figure 37) were obtained by averaging aabeopr
columns in Tables 11, 20, and 28. When only nutrients weretoiggddict

the algal biomass)f the R between predicted and observed algal biomass
was smaller then when habitat factors were added ieqbation (f +f;). For
example, the average adjustedf® the nine § models applied to the IEPA
dataset (Table 25) was 0.148, and the correspondifyy R+f, was 0.527
(Table 28). Consequently, the habitat factors greatbyoned the prediction
capability of the model.
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Figure 33. Susceptibility prediction RMSE for Fox River wslhed monthly, Fox River
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Figure 34. Entropy of susceptibility prediction model intitgsstage, Fox River
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6. Summary

The study describes a new methodology for stream fitadé®n based on stream
susceptibility to algal growth. This susceptibility wascoddted as a residual of a
nonlinear regression between nutrients (TP and TN) @ad libmass (chlorophyd). It
also was demonstrated that susceptibility can be predisiag the stream habitat
factors. Two large monthly datasets for the Fox Rivatershed and the IEPA dataset
for all of lllinois served for testing the presented aagh. The approach was validated
by comparing observed and predicted susceptibility using thitah&ctors, and also by
comparing observed and predicted algal biomass. Algal bsoweas predicted based on
nutrients and habitat factors. Parameters for all nsadehe study were estimated from
training datasets, and validated using validation dataBetspite dataset limitations, the
models produced accurate predictions of algal biomass. Uit stiggests that this
methodology could be used as a basis for susceptibiligdbstseam classification.

Future research will examine other data mining/patterrgregon statistical
techniques to better validate existing datasets and thenpeesapproach; search for
other relevant data types that will improve predictiohalgal biomass and more
accurately calculate the stream susceptibility to agaith; and finetune models
described in this study. In addition, more complete detdseother watersheds need to
be collected to provide broader spatial and temporal cgeera
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Appendix A-1. Fox River Watershed Monthly Data, Training Dataset A

Station
ID

23
23
23
23
23
23
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

Notes:

Date

Apr-02
Jun-02
Aug-02
Oct-02
Jan-03
Apr-03
Oct-87
Dec-87
Apr-88
Jun-88
Aug-88
Nov-88
Jan-89
Mar-89
Jun-89
Aug-89
Nov-89
Jan-90
Apr-90
Jun-90
Apr-02
Jun-02
Aug-02
Oct-02
Dec-02
Feb-03
Apr-03
Jul-88

Nov-98
Mar-99
Jun-99
Sep-99
Dec-99
Feb-00
Sep-00
Mar-01
Aug-01
Apr-02
Jun-02
Aug-02
Oct-02
Dec-02
Feb-03
Apr-03

Chl a,
Corrected

(ugl/L)

108.10
81.45
232°.00
76.70
58.30
133.60
77.20
12.30
34.10
44.83
58.75
50.70
5.40
2.50
21.90
34.10
22.40
6.00
13.90
19.60
97.50
108.80
249.65
49.40
76.10
72.45
154.40
147.00
76.71
61.09
119.95
115.93
42.48
9.83
61.27
18.52
122.70
116.10
124.15
158.85
44.10
88.10
68.10
185.47

N
(mg/L)

2.63
3.24
3.49
2.25
2.60
2.90
2.06
2.80
2.90
2.70
3.65
3.00
3.85
3.60
2.30
1.75
2.70
3.90
3.40
7.88
2.29
3.32
2.84
2.28
3.55
3.69
2.77
4.90
3.01
3.41
3.12
3.86
2.42
4.41
2.68
2.22
3.46
2.40
3.77
3.09
2.39
3.70
4.82
3.45

TP
(mg/L)

0.15
0.14
0.29
0.26
0.18
0.17
0.13
0.43
0.17
0.22
0.31
0.11
0.09
0.13
0.14
0.22
0.13
0.15
0.12
0.11
0.18
0.22
0.38
0.31
0.26
0.40
0.29
0.48
0.22
0.18
0.21
0.47
0.21
0.31
0.19
0.12
0.35
0.24
0.31
0.59
0.53
0.55
0.69
0.43

Temp
()

10.69
22.96
24.10
13.90
1.40
11.97
12.70
3.50
10.96
22.02
25.99
5.80
0.23
0.55
22.02
2291
11.38
0.29
531
16.85
16.11
24.55
22.86
15.54
3.70
2.60
14.07
26.95
6.38
5.62
2481
19.37
3.93
1.22
18.46
2.01
23.62
14.93
24.30
2412
15.23
1.00
0.40
13.67

Turb
(NTU)

30.25
32.67
42.20
17.13
7.70
17.40
0.30
2.40
33.00
7.70
34.50
5.80
5.15
3.20
6.70
33.50
8.40
7.30
8.80
7.20
14.50
40.50
47.60
17.83
10.70
9.00
22.30
14.60
9.00
6.90
26.00
31.00
7.30
3.90
25.50
15.00
38.33
14.90
33.80
29.40
14.67
13.60
9.25
16.60

Mean
Velocity

(fps)

0.83
0.49
0.33
0.38
0.44
0.83
0.35
0.47
0.90
0.46
0.30
0.47
0.41
0.80
0.46
0.30
0.47
0.41
0.90
0.46
0.90
0.46
0.30
0.35
0.47
0.46
0.90
0.28
0.36
0.66
0.38
0.24
0.36
0.37
0.24
0.66
0.24
0.72
0.38
0.24
0.29
0.36
0.37
0.72

Depth/Width
Ratio
(ft/ft)

0.01614
0.01346
0.01240
0.01275
0.01316
0.01614
0.02112
0.02165
0.02337
0.02158
0.02089
0.02162
0.02139
0.02301
0.02158
0.02089
0.02162
0.02139
0.02337
0.02158
0.02337
0.02158
0.02089
0.02112
0.02165
0.02158
0.02337
0.00967
0.00943
0.00854
0.00938
0.00983
0.00943
0.00941
0.00983
0.00854
0.00985
0.00858
0.00938
0.00985
0.00964
0.00943
0.00941
0.00858

Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus, Temp = temperature,
Turb = turbidity
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Station
ID

27
27
27
27
27
27
27
30
30
30
30
30
30
30
30
30
30
30
30
30
34
34
34
34
34
34
40
40
40
40
40
40
184
184
184
184
184
184
184
197
197
197
197
197

Notes:

Date

Apr-02
Jun-02
Aug-02
Oct-02
Dec-02
Feb-03
Apr-03
Nov-87
Mar-88
May-88
Aug-88
Nov-88
Feb-89
Apr-89
Jul-89
Oct-89
Jan-90
Apr-90
Jun-90
Sep-90
May-02
Jul-02
Sep-02
Nov-02
Jan-03
Mar-03
Apr-02
Jun-02
Aug-02
Oct-02
Dec-02
Mar-03
Apr-02
Jun-02
Aug-02
Oct-02
Dec-02
Feb-03
Apr-03
Mar-01
May-01
Jul-01
Oct-01
Jan-02

Chl a,
Corrected

(ugl/L)

60.10
148.20
180.25

61.40

60.10

56.85
222.40

44.50

14.40
158.00

56.50

53.10

3.40

19.60

59.90

39.93

1.40

15.60

38.80

88.17
106.15
291.00

93.50
136.20

58.50

84.30

98.80
128.15
178.90

64.05

61.40
158.50

80.10

66.10
228.30

82.10

69.40

49.00
122.47

8.96

83.40

115.00
6.30
3.72

Appendix A-1. concluded

N
(mg/L)

2.32
3.31
3.92
2.78
4.24
5.05
3.04
5.60
4.40
3.60
3.00
3.20
5.00
4.60
2.30
3.00
4.60
6.50
4.30
3.80
3.22
3.71
2.75
2.97
4.33
4.97
2.54
3.30
2.47
2.30
3.68
3.91
241
3.22
3.57
2.38
3.28
2.82
2.65
3.66
2.95
2.64
4.52
4.33

TP
(mg/L)

0.25
0.31
0.62
0.53
0.45
0.73
0.44
0.12
0.16
0.12
0.33
0.28
0.17
0.27
0.30
0.22
0.32
0.17
0.17
4.38
0.34
0.86
0.74
0.63
0.63
0.84
0.26
0.29
0.54
0.53
0.51
0.69
0.13
0.12
0.28
0.25
0.12
0.10
0.17
0.08
0.17
0.22
0.10
0.04

Temp
()

12.10
23.00
25.11
11.93
-0.04
-0.06
13.36
11.50
5.63
17.20
27.33
5.63
0.28
8.93
31.92
14.13
0.15
6.98
16.38
28.11
14.55
26.95
21.90
4.87
-0.01
3.53
11.10
25.70
24.33
13.17
0.10
3.68
10.40
26.05
24.55
13.23
1.00
1.00
8.40
4.36
15.88
27.65
8.52
-0.11

Turb
(NTU)

14.00
26.00
28.47
13.27
11.00

8.25
16.17

2.50

0.70

4.00
18.30
10.40

3.40
21.00
36.00
13.70

3.50
12.00

4.80
28.00
23.00
25.25
16.65
11.10

7.15

6.35
15.00
27.75
33.33
13.84
11.50
10.70
14.50
23.30
46.55
20.73

7.15

6.30
20.33
14.00
63.00
52.00
27.00

4.00

Mean
Velocity

(fps)

1.17
0.65
0.38
0.47
0.57
0.61
1.17
1.84
2.89
2.60
1.65
1.84
2.21
3.01
1.90
1.79
2.00
3.01
2.33
1.70
2.17
1.78
1.68
1.89
1.88
2.40
2.14
1.22
0.73
0.91
1.11
2.01
0.73
0.36
0.22
0.27
0.60
0.59
0.73
1.01
0.67
0.41
0.41
0.56

Depth/Width
Ratio
(ft/ft)

0.01690
0.01792
0.01862
0.01831
0.01807
0.01800
0.01690
0.01079
0.01590
0.01448
0.00982
0.01079
0.01262
0.01644
0.01109
0.01050
0.01155
0.01644
0.01318
0.01007
0.00538
0.00392
0.00352
0.00430
0.00426
0.00633
0.02242
0.02092
0.02023
0.02047
0.02074
0.02211
0.00864
0.00841
0.00835
0.00836
0.00623
0.00620
0.00864
0.02336
0.02304
0.02161
0.02161
0.02113

Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus, Temp = temperature,
Turb = turbidity
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Appendix A-2. Fox River Watershed Monthly Data, Testing Dataset B

Station
ID

23
23
23
23
23
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

Notes:

Date

May-02
Jul-02
Sep-02
Nov-02
Mar-03
Apr-76
Nov-87
Mar-88
May-88
Jul-88
Oct-88
Dec-88
Feb-89
May-89
Jul-89
Oct-89
Dec-89
Mar-90
May-90
Jul-90
May-02
Jul-02
Sep-02
Nov-02
Jan-03
Mar-03
Apr-76
Sep-98
Dec-98
Apr-99
Aug-99
Oct-99
Jan-00
Apr-00
Nov-00
Apr-01
Nov-01
May-02
Jul-02
Sep-02
Nov-02
Jan-03
Mar-03

Chl a,
Corrected

(ugl/L)

90.75
138.85
92.10
102.80
42.30
138.99
77.20
14.74
92.60
217.00
62.30
9.80
7.30
25.70
21.40
19.30
7.70
1.55
26.10
67.45
112.80
161.55
80.10
116.10
67.90
48.70
153.06
97.42
72.91
95.38
152.51
109.71
48.66
121.11
78.46
91.84
88.62
107.45
186.25
68.10
110.80
78.55
77.35

N
(mg/L)

2.11
3.34
281
2.44
2.93
3.12
2.92
2.90
2.63
2.25
3.60
4.00
4.00
2.70
1.90
1.90
3.10
3.50
3.04
2.35
2.14
2.72
2.80
2.44
2.72
3.24
2.74
3.39
3.27
3.21
3.74
3.31
4.39
3.37
3.31
3.12
2.76
2.64
3.33
2.70
2.38
3.71
4.03

TP
(mg/L)

0.12
0.25
0.28
0.20
0.15
0.24
0.07
0.09
0.10
0.25
0.17
0.10
0.12
0.17
0.17
0.14
0.12
0.06
0.15
0.21
0.17
0.31
0.32
0.24
0.25
0.38
0.27
0.49
0.16
0.17
0.38
0.31
0.37
0.31
0.16
0.15
0.14
0.23
0.58
0.49
0.44
0.50
0.64

Temp
()

14.37
26.40
22.10
5.90
6.80
9.26
11.60
4.18
17.00
25.99
11.20
1.60
0.50
12.89
27.33
14.51
0.52
1.33
16.21
23.60
15.28
24.54
22.20
7.65
2.60
8.35
9.14
21.14
7.51
11.78
23.53
11.95
14.20
10.43
7.40
12.08
9.50
15.16
25.64
22.15
5.25
0.55
4.75

Turb
(NTU)

15.83
30.65
29.15
12.65
8.40
22.36
3.40
0.80
7.80
18.00
12.70
3.00
3.10
17.30
34.00
14.90
5.70
1.50
13.00
11.00
14.27
39.70
28.75
14.97
6.80
6.45
28.85
8.30
26.00
6.10
34.00
26.00
5.10
49.00
18.00
27.00
25.00
20.67
34.85
17.10
13.95
9.00
8.70

Mean
Velocity

(fps)

0.64
0.39
0.33
0.50
0.81
0.90
0.47
0.80
0.63
0.36
0.35
0.47
0.46
0.63
0.36
0.35
0.47
0.80
0.63
0.36
0.63
0.36
0.30
0.47
0.41
0.80
0.72
0.24
0.36
0.72
0.24
0.29
0.33
0.72
0.36
0.72
0.36
0.51
0.28
0.24
0.36
0.33
0.66

Depth/Width
Ratio
(ft/ft)

0.01455
0.01278
0.01240
0.01351
0.01564
0.02337
0.02162
0.02301
0.02231
0.02112
0.02112
0.02165
0.02158
0.02231
0.02112
0.02112
0.02165
0.02301
0.02231
0.02112
0.02231
0.02112
0.02089
0.02162
0.02139
0.02301
0.00858
0.00983
0.00943
0.00858
0.00985
0.00964
0.00952
0.00858
0.00943
0.00858
0.00943
0.00905
0.00967
0.00983
0.00943
0.00952
0.00854

Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus, Temp = temperature,
Turb = turbidity
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Station
ID

27
27
27
27
27
27
27
30
30
30
30
30
30
30
30
30
30
30
30
30
34
34
34
34
34
34
34
40
40
40
40
40
40
184
184
184
184
184
184
197
197
197
197
197
197

Notes:

Date

Apr-76
May-02
Jul-02
Sep-02
Nov-02
Jan-03
Mar-03
Oct-87
Dec-87
Apr-88
Jul-88
Oct-88
Dec-88
Mar-89
May-89
Aug-89
Dec-89
Mar-90
May-90
Jul-90
Apr-02
Jun-02
Aug-02
Oct-02
Dec-02
Feb-03
Apr-03
May-02
Jul-02
Sep-02
Nov-02
Jan-03
Apr-03
May-02
Jul-02
Sep-02
Nov-02
Jan-03
Mar-03
Aug-00
Apr-01
Jun-01
Sep-01
Nov-01
Jul-02

Chl a,
Corrected

(ugl/L)

150.71
107.45
213.15
90.80
133.50
66.75
96.50
50.30
11.00
42.60
53.50
34.90
40.30
18.23
49.60
35.10
6.25
3.75
45.50
35.50
53.40
152.85
205.60
90.75
48.80
61.30
202.47
98.80
176.60
78.80
129.50
55.60
202.60
81.45
148.85
92.10
105.40
61.80
39.30
160.00
47.80
15.00
13.30
19.80
155.00

Appendix A-2. concluded

N
(mg/L)

2.73
2.74
3.94
2.59
2.45
3.71
4.39
4.00
8.00
5.90
2.60
3.00
4.30
5.60
3.40
3.40
4.10
6.00
4.50
7.70
2.42
3.50
3.32
2.44
4.97
5.35
3.58
2.64
3.35
2.47
251
2.76
3.36
2.26
2.84
2.92
2.44
2.58
3.26
2.49
2.94
5.39
3.41
3.29
2.39

TP
(mg/L)

0.32
0.28
0.62
0.48
0.47
0.48
0.76
0.17
0.19
0.20
0.35
0.28
0.26
0.24
0.29
0.37
0.36
0.08
0.25
0.19
0.25
0.41
0.79
0.69
0.50
0.90
0.62
0.25
0.64
0.50
0.51
0.37
0.48
0.11
0.15
0.32
0.15
0.15
0.15
0.06
0.12
0.15
0.12
0.07
0.14

Temp
()

8.93
15.66
26.26
18.87

5.26

-0.19

3.50
12.60

5.30
12.05
27.48
14.02

2.70

2.19
15.59
24.09

0.18

1.89
16.58
20.41
11.20
25.10
22.70
12.95

-0.04

0.00
12.98
14.85
26.07
21.55

4.55

0.60
13.06
14.95
27.70
22.85

4.45

1.00

3.15
22,71
11.80
13.76
13.48
10.68
28.11

Turb
(NTU)

24.03
24.67
51.48
18.10
11.95
7.00
7.05
0.30
2.50
5.80
25.00
7.30
3.90
12.40
12.80
36.00
4.90
1.40
7.90
4.30
13.90
24.65
28.10
16.87
6.45
4.85
11.73
18.50
71.60
18.60
13.45
6.80
15.43
13.00
28.95
35.05
14.00
6.50
8.10
11.40
65.00
51.00
33.00
22.00
41.00

Mean
Velocity

(fps)

1.17
0.84
0.46
0.38
0.57
0.54
1.09
1.79
1.87
3.01
1.90
1.79
1.87
2.89
2.60
1.65
1.87
2.89
2.60
1.90
2.45
2.00
1.67
1.79
1.90
1.95
2.45
1.56
0.89
0.75
1.10
1.04
2.14
0.51
0.27
0.22
0.60
0.53
0.96
0.37
0.94
0.50
0.36
0.65
0.41

Depth/Width
Ratio
(ft/ft)

0.01690
0.01753
0.01837
0.01859
0.01809
0.01817
0.01702
0.01050
0.01094
0.01644
0.01109
0.01050
0.01094
0.01590
0.01448
0.00982
0.01094
0.01590
0.01448
0.01109
0.00656
0.00468
0.00350
0.00396
0.00432
0.00451
0.00656
0.02139
0.02044
0.02023
0.02071
0.02064
0.02242
0.00850
0.00836
0.00835
0.00623
0.00610
0.00724
0.02136
0.01668
0.02207
0.02133
0.02103
0.02161

Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus, Temp = temperature,
Turb = turbidity
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Appendix B-1. Fox River Watershed Summer Monthly Data, Training Dataset A

Station Chl a, Mean  Depth/Width
ID Date  Corrected TN TP Temp Turb Velocity Ratio
(wg/t)  (mg/L) (mg/L) ()  (NTU) (fps) (fuft)
23 Jun-02 81.45 3.24 0.14 22.96 32.67 0.49 0.01346
23 Aug-02 232.00 3.49 0.29 24.10 42.20 0.33 0.01240
24 Jun-88 44.83 2.70 0.22 22.02 7.70 0.46 0.02158
24 Aug-88 58.75 3.65 0.31 25.99 34.50 0.30 0.02089
24 Jul-89 21.40 1.90 0.17 27.33 34.00 0.36 0.02112
24 Jun-90 19.60 7.88 0.11 16.85 7.20 0.46 0.02158
24 Jun-02 108.80 3.32 0.22 24.55 40.50 0.46 0.02158
24 Aug-02 249.65 2.84 0.38 22.86 47.60 0.30 0.02089
26 Jul-88 147.00 4.90 0.48 26.95 14.60 0.28 0.00967
26 Jun-99 119.95 3.12 0.21 24.81 26.00 0.38 0.00938
26 Sep-99 115.93 3.86 0.47 19.37 31.00 0.24 0.00983
26 Aug-01 122.70 3.46 0.35 23.62 38.33 0.24 0.00985
26 Jul-02 186.25 3.33 0.58 25.64 34.85 0.28 0.00967
26 Sep-02 68.10 2.70 0.49 22.15 17.10 0.24 0.00983
27 Jul-02 213.15 3.94 0.62 26.26 51.48 0.46 0.01837
27 Sep-02 90.80 2.59 0.48 18.87 18.10 0.38 0.01859
30 Aug-88 56.50 3.00 0.33 27.33 18.30 1.65 0.00982
30 Aug-89 35.10 3.40 0.37 24.09 36.00 1.65 0.00982
30 Jul-90 35.50 7.70 0.19 20.41 4.30 1.90 0.01109
34 Jun-02 152.85 3.50 0.41 25.10 24.65 2.00 0.00468
34 Aug-02 205.60 3.32 0.79 22.70 28.10 1.67 0.00350
40 Jun-02 128.15 3.30 0.29 25.70 27.75 1.22 0.02092
40 Aug-02 178.90 2.47 0.54 24.33 33.33 0.73 0.02023
184 Jun-02 66.10 3.22 0.12 26.05 23.30 0.36 0.00841
184 Aug-02 228.30 3.57 0.28 24.55 46.55 0.22 0.00835
197 Aug-00 160.00 2.49 0.06 22.71 11.40 0.37 0.02136
197 Jul-01 115.00 2.64 0.22 27.65 52.00 0.41 0.02161
197 Jul-02 155.00 2.39 0.14 28.11 41.00 0.41 0.02161

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus, Temp = temperature,
Turb = turbidity
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Appendix B-2. Fox River Watershed Summer Monthly Data, Testing Dataset B

Station Chl a, Mean  Depth/Width
ID Date  Corrected TN TP Temp Turb Velocity Ratio
(wg/t)  (mg/L) (mg/L) ()  (NTU) (fps) (fuft)
23 Jul-02 138.85 3.34 0.25 26.40 30.65 0.39 0.01278
23 Sep-02 92.10 2.81 0.28 22.10 29.15 0.33 0.01240
24 Jul-88 217.00 2.25 0.25 25.99 18.00 0.36 0.02112
24 Jun-89 21.90 2.30 0.14 22.02 6.70 0.46 0.02158
24 Aug-89 34.10 1.75 0.22 2291 33.50 0.30 0.02089
24 Jul-90 67.45 2.35 0.21 23.60 11.00 0.36 0.02112
24 Jul-02 161.55 2.72 0.31 24.54 39.70 0.36 0.02112
24 Sep-02 80.10 2.80 0.32 22.20 28.75 0.30 0.02089
26 Sep-98 97.42 3.39 0.49 21.14 8.30 0.24 0.00983
26 Aug-99 152.51 3.74 0.38 23.53 34.00 0.24 0.00985
26 Sep-00 61.27 2.68 0.19 18.46 25.50 0.24 0.00983
26 Jun-02 124.15 3.77 0.31 24.30 33.80 0.38 0.00938
26 Aug-02 158.85 3.09 0.59 24.12 29.40 0.24 0.00985
27 Jun-02 148.20 3.31 0.31 23.00 26.00 0.65 0.01792
27 Aug-02 180.25 3.92 0.62 25.11 28.47 0.38 0.01862
30 Jul-88 53.50 2.60 0.35 27.48 25.00 1.90 0.01109
30 Jul-89 59.90 2.30 0.30 31.92 36.00 1.90 0.01109
30 Jun-90 38.80 4.30 0.17 16.38 4.80 2.33 0.01318
30 Sep-90 88.17 3.80 4.38 28.11 28.00 1.70 0.01007
34 Jul-02 291.00 3.71 0.86 26.95 25.25 1.78 0.00392
34 Sep-02 93.50 2.75 0.74 21.90 16.65 1.68 0.00352
40 Jul-02 176.60 3.35 0.64 26.07 71.60 0.89 0.02044
40 Sep-02 78.80 2.47 0.50 21.55 18.60 0.75 0.02023
184 Jul-02 148.85 2.84 0.15 27.70 28.95 0.27 0.00836
184 Sep-02 92.10 2.92 0.32 22.85 35.05 0.22 0.00835
197 Jun-01 15.00 5.39 0.15 13.76 51.00 0.50 0.02207
197 Sep-01 13.30 3.41 0.12 13.48 33.00 0.36 0.02133

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus, Temp = temperature,
Turb = turbidity
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Appendix C-1. IEPA Monthly Data, Training Dataset A

Station
ID

AK-02
AK-02
AK-02
AK-02
AK-02
AK-02
AK-02
AK-02
AK-02
AK-02
ATG-03
ATG-03
ATG-03
ATG-03
ATG-03
ATG-03
ATG-03
B-06
B-06
B-06
B-06
B-06
B-06
B-06
B-06
BM-02
BM-02
BP-08
BP-08
BP-08
BP-08
BP-08
BP-08
BPG-09
BPG-09
BPG-09
BPG-09
BPK-07
BPK-07
BPK-07
BPK-07
BPK-07
BPK-07
BPK-07
BPK-07
BPK-07

Date

Nov-00
Feb-01
May-01
Aug-01
Jan-02
Apr-02
Jun-02
Mar-03
Aug-03
Oct-03
Nov-00
Mar-01
Oct-01
Jan-02
Mar-02
Jun-02
Jul-03
Sep-00
Jan-01
May-01
Jan-02
Apr-02
Jun-02
Jul-03
Nov-03
Nov-01
Feb-02
Oct-01
Jan-02
Mar-02
May-02
Jul-02
Jun-03
Aug-01
Apr-02
Jun-02
Feb-03
Jan-01
Mar-01
Jul-01
Oct-01
Jan-02
Apr-02
Jun-02
Jun-03
Sep-03

Chl a,
Corrected

(ugl/L)

4.02
0.00
5.35
1.65
1.00
1.01
4.32
1.72
5.63
3.81
0.00
1.89
17.30
1.49
2.90
6.22
11.40
117.00
15.20
5.63
10.40
6.94
13.60
146.00
38.40
5.27
36.20
241
1.00
2.94
6.19
59.47
6.50
20.30
5.06
22.30
1.00
4.07
1.70
211
1.94
2.26
412
6.81
2.54
2.34

N
(mg/L)

0.17
0.26
0.37
0.28
0.38
0.28
0.54
0.24
0.77
2.37
4.43
1.45
2.24
2.74
1.23
7.87
1.19
2.65
4.68
4.25
5.05
7.36
7.92
451
2.67
3.24
6.15
11.86
10.00
11.11
11.69
7.61
12.65
1.86
11.59
3.66
5.22
6.58
11.25
8.37
8.46
7.45
11.37
14.51
13.57
4.53

TP
(mg/L)

0.02
0.01
0.02
0.02
0.01
0.01
0.01
0.01
0.03
1.01
0.30
0.09
0.44
0.11
0.22
0.72
0.16
0.20
0.47
0.18
0.13
0.27
0.32
0.23
0.11
0.31
0.25
0.31
0.14
0.09
0.53
0.32
0.26
0.27
0.04
0.11
0.53
0.04
0.02
0.06
0.23
0.03
0.05
0.24
0.19
0.20

Temp
()

5.80
6.80
18.90
23.50
2.00
13.57
25.53
12.70
24.20
11.90
8.30
8.60
16.80
3.50
9.60
21.60
25.90
16.50
2.60
22.90
5.90
18.20
22.90
28.60
16.10
8.21
5.38
10.90
0.24
6.45
13.50
28.87
21.82
20.80
13.30
20.00
0.15
-2.45
6.31
26.82
15.40
0.28
14.05
20.50
20.35
19.50

Turb
(NTU)

5.00
6.00
3.00
4.50
2.80
5.95
3.53
22.30
19.90
0.90
34.50
10.40
10.00
19.00
123.00
175.00
23.00
46.00
200.00
39.00
11.00
130.00
175.00
50.00
19.00
2.00
60.00
95.00
4.00
14.00
411.00
25.83
44.90
21.00
7.30
49.00
42.00
9.80
3.80
12.80
100.00
4.60
15.70
203.00
129.00
95.00

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,
Temp = temperature, Turb = turbidity
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Appendix C-1. continued

Station Chl a,
ID Date  Corrected TN TP Temp Turb
(wg/t)  (mg/lL) (mg/lL) () (NTU)

C-21 Jul-02 16.20 1.10 0.13 26.80 13.00
C-23 Oct-00 29.60 1.43 0.14 16.80 27.00
C-23 Mar-01 12.50 2.63 0.42 5.20 180.00
C-23 Oct-01 4.65 2.80 0.67 15.00 100.00
C-23 Mar-02 12.30 2.48 0.31 2.80 150.00
C-23 May-02 5.69 1.00 0.28 16.00 68.00
C-23 Aug-03 30.80 1.36 0.10 27.00 28.00
C-23 Nov-03 17.80 1.26 0.10 14.00 25.00
CA-05  Aug-00 18.00 1.75 0.26 23.20 100.00
CA-05 Dec-00 3.54 2.10 0.18 3.30 22.40
CA-05 Feb-01 11.20 2.28 0.55 9.00 310.00
CA-05 Oct-01 5.03 1.65 0.28 17.30 31.00
CA-05 Jan-02 4.36 2.04 0.28 8.60 76.00
CA-05  Apr-02 53.70 0.87 0.11 12.90 36.00
CA-05 Jun-02 16.60 2.06 0.11 26.50 25.00
CA-05  Aug-03 35.20 0.99 0.10 26.80 20.00
CA-05 Oct-03 10.10 0.61 0.05 16.00 9.00
D-05 Oct-00 67.30 291 0.42 19.95 51.20
D-05 Jan-01 6.63 5.83 0.52 0.94 19.10
D-05 Jun-01 32.70 10.30 0.42 22.24  109.00
D-05 Aug-01 33.00 2.81 0.60 24.50 71.00
D-05 Nov-01 21.90 5.29 0.43 9.56 56.00
D-05 Feb-02 28.10 8.80 0.37 4.33 64.00
D-05 Apr-02 47.40 8.31 0.25 12.10 58.00
D-05 Jul-02 106.00 4.63 0.69 31.10 101.00
D-05 Sep-03 54.00 2.88 0.49 23.50 64.00
D-09 Oct-03 72.50 5.65 0.69 12.39 66.00
D-23 Aug-00 44.80 4.74 0.72 29.29 47.00
D-23 May-01 32.40 4.38 0.53 20.59 16.00
D-23 Jul-01 22.50 5.27 0.95 30.37 20.10
D-23 Nov-01 5.80 6.00 0.65 10.61 13.80
D-23 Apr-02 15.50 6.57 0.24 19.35 24.00
D-23 Jun-02 21.00 6.62 0.51 29.22 15.00
D-23 Jul-03 12.10 7.24 0.35 23.80 56.00
D-30 Oct-00 29.00 3.72 0.49 14.32 58.20
D-30 Jan-01 3.37 5.60 0.50 0.04 15.20
D-30 Jun-01 81.60 10.85 0.29 22.14 55.00
D-30 Dec-01 29.50 5.50 0.47 9.34 53.00
D-30 Feb-02 10.60 8.28 0.32 2.53 42.00
D-30 May-02 99.40 8.84 0.23 17.20 33.00
D-30 Jun-03 83.50 4.55 0.45 24.90 91.00
D-30 Sep-03 51.90 3.05 0.58 25.00 74.00

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,
Temp = temperature, Turb = turbidity
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Appendix C-1. continued

Station Chl a,
ID Date  Corrected TN TP Temp Turb
(wg/t)  (mg/lL) (mg/lL) () (NTU)

D-32 Aug-00 43.40 2.84 0.34 27.38 14.60
D-32 Dec-00 30.90 6.19 0.38 -0.14 55.10
D-32 Feb-01 9.33 7.03 0.24 2.30 39.80
D-32 Jun-01 34.60 6.27 0.46 2453 102.00
D-32 Oct-01 10.20 5.10 0.42 13.60 120.00
D-32 Jan-02 28.60 7.64 0.38 1.49 52.00
D-32 Apr-02 47.70 7.54 0.29 10.69 88.50
D-32 Jun-02 18.20 7.24 0.50 28.00 651.50
D-32 Feb-03 3.08 5.57 0.59 1.24 77.80
D-32 May-03 34.34 7.05 0.61 18.51 285.20
D-32 Aug-03 80.90 2.89 0.51 27.60 109.00
DG-01  Jun-02 3.57 3.80 0.37 21.70  200.00
DT-01 Feb-01 4.27 5.43 0.26 1.01 25.00
DT-01 Jul-01 166.00 3.65 0.33 26.60 123.00
DT-01 Nov-01 48.70 3.82 0.19 7.09 11.00
DT-01 Apr-02 102.00 5.52 0.30 19.43 39.00
DT-01 Jun-02 151.00 7.17 0.29 20.93 52.00

DT-01 Sep-03 155.00 2.77 0.42 22.68 77.50
DT-35 Aug-00 160.00 2.49 0.06 22,71 11.40

DT-35 Apr-01 47.80 2.94 0.12 11.80 65.00
DT-35 Jun-01 15.00 5.39 0.15 13.76 51.00
DT-35 Sep-01 13.30 3.41 0.12 13.48 33.00
DT-35 Nov-01 19.80 3.29 0.07 10.68 22.00
DT-35 Feb-02 5.78 4.76 0.04 0.67 7.00
DT-35 May-02 37.30 2.86 0.11 10.76 32.00
DT-35 Jul-02 155.00 2.39 0.14 28.11 41.00
DT-35 Jun-03 130.00 2.66 0.14 26.10 30.90
DT-35 Sep-03 127.00 3.02 0.19 20.03 31.90
DV-04 Jan-02 1.06 10.51 0.04 0.62 3.00
DV-04 Apr-02 15.35 13.89 0.09 7.89 12.30
DV-04 Jun-02 14.55 12.35 0.06 23.48 11.40
DV-04 Mar-03 1.26 1.79 0.16 13.50 7.80
DV-04 Jul-03 14.50 9.60 0.25 21.26  313.00
DV-04 Sep-03 4.08 0.55 0.04 19.33 5.88
E-06 Jun-03 35.90 7.36 0.17 23.60 34.00
E-25 Oct-00 19.10 4.17 0.51 15.83 22.80
E-25 Jan-01 15.00 5.83 0.61 0.21 4.50
E-25 Mar-01 10.50 9.26 0.18 7.81 38.00
E-25 Jun-01 22.18 7.71 0.35 23.51 42.00
E-25 Oct-01 15.50 7.09 0.57 10.00 84.00
E-25 Jan-02 2.89 7.67 0.19 0.67 13.00
E-25 Apr-02 10.95 10.21 0.37 10.08  140.00

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,
Temp = temperature, Turb = turbidity
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Station
ID

E-26
E-26
E-26
E-26
E-26
E-26
E-28
F-01
F-01
F-01
F-01
F-04
F-12
F-16
FA-01
FC-01
FCC-01
FFB-01
FK-01
FL-05
FLD-03
FLF-01
FLH-01
FLH-03
FLI-06
FLIC-04
FQ-01
G-08
G-08
G-08
G-08
G-11
G-11
G-11
G-18
G-25
G-33
G-35
GB-11
GBK-07
GBL-07
GCA-01

Date

Sep-00
Dec-00
Feb-01
May-01
Nov-01
Feb-02
Dec-01
Feb-01
Jun-01
Jan-02
Jun-02
Oct-00
Oct-00
Aug-03
Sep-00
Sep-00
Sep-00
Sep-00
Oct-00
Nov-00
Nov-00
Nov-00
Nov-00
Nov-00
Oct-01
Nov-00
Sep-00
Jan-02
Apr-02
Jul-02
Nov-03
Feb-02
Jun-02
Jul-03
Jun-03
Jun-03
Jun-03
Jun-03
Jul-03
Jun-03
Jun-03
Jun-03

Appendix C-1. continued

Chl a,
Corrected

(ugl/L)

36.90
15.00
372.00
7.19
32.20
10.50
3.74
40.10
13.80
3.13
19.40
10.70
20.40
14.60
0.88
0.59
2.94
4.01
0.78
22.60
4.97
1.96
7.34
54.20
3.00
0.88
0.36
4.78
5.19
72.50
53.80
28.50
166.00
104.20
26.70
21.60
24.80
27.00
5.35
8.55
34.10
9.38

N
(mg/L)

2.42
8.46
8.42
10.09
5.60
9.61
7.97
6.93
7.90
3.68
4.84
0.61
0.61
3.59
0.29
0.86
0.94
3.57
0.11
0.68
0.95
0.88
0.72
1.15
0.86
4.20
1.48
5.48
3.43
2.14
4.43
4.64
7.93
4.67
5.18
4.94
5.15
6.86
5.99
5.30
9.33
16.42

TP
(mg/L)

2.80
0.49
0.68
0.67
0.68
0.21
0.07
0.18
0.12
0.07
0.09
0.06
0.04
0.14
0.03
0.01
0.03
0.58
0.02
0.10
0.04
0.07
0.08
0.12
0.02
0.01
0.04
0.05
0.03
0.44
0.12
0.63
0.85
0.94
0.73
0.14
0.56
0.73
0.67
1.00
1.35
0.30

Temp
()

24.30
251
4.89

17.81
9.99
4.37
5.12

-0.06

24.66
2.02

27.86

15.09

12.73

23.58

24.25

21.96

19.67

19.26

11.89

14.26

13.60

13.87

12.10

11.98

16.20

14.18

17.59

14.63
3.42

28.69
8.14
5.08

27.73

27.54

19.82

18.86

19.75

19.71

22,61

16.87

17.23

16.90

Turb
(NTU)

28.00
7.80
290.00
55.00
33.00
27.00
4.00
64.00
36.00
7.00
21.60
5.30
17.00
24.40
9.00
1.20
17.30
1.20
2.10
20.00
17.00
56.00
21.00
70.00
4.40
7.60
2.90
9.00
7.00
91.00
31.90
22.00
63.00
50.80
32.00
65.00
30.00
34.00
30.00
33.00
23.00
10.30

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,
Temp = temperature, Turb = turbidity
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Station
ID

GG-06
GGC-FN-A
GGC-FN-C
GGC-FN-C
GGC-FN-C
GGC-FN-E
GGC-FN-E
GI-02
GI-02
GI-02
GI-02
GI-02
GI-02
GI-02
GI-02
GI-02
GL-09
GL-09
GL-09
GL-09
GL-09
GL-09
GU-06
HA-04
HB-01
HBD-05
HBDA-01
HBDC-02
HCC-07
HCC-07
HCC-07
HCC-07
HCC-07
HCCA-02
HCCA-04
HCCB-05
HCCC-02
HCCC-02
HCCC-02
HCCC-04
HCCC-04
HCCD-09

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,

Appendix C-1. continued

Date

Jun-03
Aug-03
Jul-03
Sep-03
Aug-03
Jul-03
Sep-03
Dec-00
Mar-01
Jun-01
Sep-01
Dec-01
Feb-02
May-02
May-03
Aug-03
Oct-01
Jan-02
May-02
Jul-02
Mar-03
Jun-03
Jun-03
Aug-01
Aug-01
Aug-01
Aug-01
Jun-01
Nov-01
Jan-02
May-02
Jun-03
Aug-03
Jul-01
Jul-01
Sep-01
Jan-02
May-02
Jun-03
Jul-01
Sep-01
Aug-01

Chl a,
Corrected

(ugl/L)

3.35
6.19
8.19
3.00
3.77
231
1.47
0.92
5.99
3.47
5.14
1.00
3.12
3.78
17.10
8.84
2.12
33.20
3.51
72.14
6.86
1.60
7.61
9.16
15.70
11.60
1.26
9.37
5.37
13.80
22.10
9.81
4.54
3.90
2.64
10.80
11.30
3.33
7.31
4.33
9.51
5.02

TN

(mg/L)

4.36
1.13
1.67
7.90
4.85
2.35
9.05
9.06
6.69
6.77
5.79
7.42
9.42
5.95
7.36
5.63
5.45
11.92
5.94
9.72
8.86
12.10
1.56
4.71
3.08
1.68
1.49
3.66
4.41
8.47
3.23
4.95
8.84
1.43
10.05
11.22
1.16
2.07
1.36
7.43
3.16
11.45

Temp = temperature, Turb = turbidity
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TP
(mg/L)

0.66
0.11
0.55
0.93
1.89
2.08
1.10
1.30
0.74
1.40
1.10
1.30
1.80
0.64
0.57
0.98
1.12
2.18
1.10
2.00
1.28
2.11
0.15
0.98
0.91
0.11
0.22
0.68
0.74
1.35
0.32
0.69
1.76
0.11
1.40
1.80
0.11
0.07
0.09
1.60
0.74
2.70

Temp
()

19.33
24.96
20.01
20.63
22.32
20.00
21.04
11.31
11.83
29.98
27.49
17.95
11.19
17.18
21.73
29.98
15.74

6.25
19.89
25.56

9.20
22.09
17.80
24.15
22.84
20.65
19.20
21.57
11.63

4.00
12.04
14.75
24.75
22.04
24,51
19.93

0.94
10.91
14.02
18.92
15.08
22.79

Turb
(NTU)

7.70
43.00
60.00
14.00
23.00
13.00

4.30
14.00
17.00
16.00
17.00
21.00
18.00
19.00

8.90
23.80
15.90
23.00
21.20
22.20
13.70
15.50
21.00
15.00
57.00
30.00
27.00
50.00
20.00
17.00
29.00
14.70
33.40
52.00
27.00
55.00
52.00
27.00
20.40
21.00
30.00
23.00



Appendix C-1. continued

Station Chl a,
ID Date Corrected
(bg/L)

HF-01 Jun-01 0.00
1-05 Sep-01 84.40
1-05 Mar-02 35.70
1-05 Oct-03 22.20
J-98 Dec-01 27.40
J-98 Jun-02 19.70
K-04 Sep-00 14.40
K-21 Jul-01 19.20
K-21 Mar-02 75.00
K-21 Aug-03 68.50
K-22 Nov-01 13.90
K-22 Aug-03 32.10
M-02 Nov-01 29.50
M-02 Jun-03 68.30
M-12 Jul-01 4.09
M-12 May-02 67.30
M-12 Jul-03 19.50
M-13 Jul-01 17.50
M-13 May-02 49.80
M-13 Jul-03 23.40
MJ-02 Oct-00 7.62
MN-04 Oct-00 12.00
MN-17 Oct-00 7.08
MND-01 Oct-00 5.15
MNIA-11 Oct-00 3.22
MQB-01 Oct-00 3.43
N-08 Sep-03 98.60
N-12 Nov-00 83.60
N-12 Feb-01 15.00
N-12 May-01 20.40
N-12 Oct-01 31.70
N-12 Jan-02 6.55
N-12 Apr-02 22.60
N-12 Jun-02 22.40
N-12 May-03 5.67
NJ-07 Sep-03 1.59
NK-01 Aug-01 2.37
NK-01 Jan-02 1.00
NK-01 May-02 1.94
NK-01 Jul-02 9.46
NK-01 Sep-03 25.40

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,

TN
(mg/L)

1.10
1.67
5.57
1.30
3.14
6.18
2.08
5.64
3.88
1.87
3.82
1.80
2.24
3.55
2.35
3.75
2.03
2.19
1.98
2.08
5.77
4.89
3.33
2.69
5.34
2.97
1.62
241
2.04
1.11
2.73
2.09
2.34
1.02
2.56
6.43
0.86
1.92
1.32
3.17
1.14

Temp = temperature, Turb = turbidity
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TP
(mg/L)

0.07
0.24
0.30
0.18
0.18
0.32
0.17
0.22
0.21
0.13
0.16
0.15
0.11
0.17
0.10
0.23
0.14
0.13
0.16
0.14
0.02
0.09
0.06
0.04
0.06
0.06
0.30
0.49
0.20
0.10
0.48
0.12
0.23
0.22
0.24
0.08
0.12
0.08
0.13
0.07
0.17

Temp
()

21.24
23.40

7.30
17.70
10.50
27.70
16.70
27.30

5.13
27.30
10.90
27.40

9.75
18.40
26.74
16.03
25.13
27.26
14.78
24.37
13.79
14.33
13.90
13.77
15.03
14.03
16.90

6.50

7.90
23.60
14.70

3.90
15.70
26.40
18.40
17.80
22.40

0.90
16.20
27.10
17.90

Turb
(NTU)

16.00
32.00
46.00
37.00
17.00
69.00
14.90
50.00
96.00
22.00
22.00
19.00
18.00
45.00

2.60
75.00
20.00

8.30
30.00
21.00

2.30

4.20
11.00
14.00

2.60

4.40
24.00
95.00
41.30
11.00
53.00
11.00
64.00
43.00
83.00
14.00
11.50
12.00
35.75
14.60
23.00



Station
ID

0-02
0-02
0-02
0-02
0-02
0-02
0-02
0-02
0-02
0-02
0-02
0-08
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
oT-02
P-20
P-20
P-20
P-20
P-20
P-20
PQ-07
PQ-13
PQB-03
PQC-11
PQC-13
PQCL-02
PQD-05
PQD-07
PQE-06
PQI-10

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,

Date

Sep-00
Nov-00
Feb-01
Jun-01
Aug-01
Nov-01
Jan-02
Apr-02
Jun-02
Jun-03
Nov-03
Jul-02

Sep-00
Jan-01
Mar-01
Jun-01
Oct-01
Jan-02
Mar-02
Jul-02

Aug-03
Jun-02
Apr-01
Jan-02
Apr-02
Jun-02
Aug-03
Oct-03
Aug-01
Aug-01
Jun-01
Jun-01
Aug-01
Aug-01
Aug-01
Aug-01
Aug-01
Aug-01

Appendix C-1. concluded

Chl a,
Corrected

(ugl/L)

9.33
0.00
0.89
17.00
20.20
5.57
15.30
10.50
6.10
35.30
33.50
3.53
58.50
0.38
16.40
19.80
30.40
8.81
69.50
18.80
53.00
2.70
96.60
30.50
86.20
26.20
457.00
46.80
9.12
11.00
2.97
6.07
69.70
15.50
16.80
8.27
3.56
103.00

TN

(m

g/L)

5.70

10.45

9.54
8.36
3.47
6.75
8.48

13.58
13.93

8.05
3.12
5.64
1.13
3.71
4.10
5.39
1.28
3.24
4.82
2.42
1.23

13.22

5.99
6.65
6.65
7.81
3.41
4.30
3.20
4.10

11.55
11.74

2.11
4.98
3.85
2.60
7.39
4.41

Temp = temperature, Turb = turbidity
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TP
(mg/L)

0.28
0.11
0.22
0.22
0.42
0.10
0.07
0.10
0.14
0.13
0.11
0.22
0.20
0.13
0.18
0.47
0.33
0.23
0.48
0.02
0.36
0.06
0.16
0.14
0.17
0.13
0.30
0.22
0.12
0.30
0.03
0.21
0.34
1.10
0.37
0.24
0.12
0.90

Temp
()

21.19
6.46
0.91

15.37

22.60
8.24
5.81

20.50

25.70

20.90

11.86

21.30

18.20
3.50

10.20

18.10

16.00
3.00

10.10

27.20

25.50

21.40

12.27
2.29
6.36

20.54

24.27

10.77

16.61

17.65

21.98

23.02

18.75

23.91

21.90

18.49

17.51

19.91

Turb
(NTU)

22.00
6.30
11.60
55.00
62.00
18.00
14.00
36.00
63.00
62.00
6.00
86.00
42.00
15.50
37.00
72.00
27.00
34.00
210.00
39.00
50.00
29.00
38.00
7.40
21.00
29.20
34.30
22.10
11.00
28.00
24.00
37.00
53.00
34.00
19.00
15.00
9.00
16.00



Appendix C-2. IEPA Monthly Data, Testing Dataset B

Station Chl a,
ID Date  Corrected TN TP Temp Turb
(wg/t)  (mg/lL) (mg/lL) () (NTU)

AK-02 Jan-01 0.39 0.20 0.01 1.20 2.60
AK-02 Apr-01 7.35 0.46 0.13 12.00 64.00
AK-02 Jun-01 0.63 0.36 0.01 28.20 2.20
AK-02 Nov-01 2.05 0.65 0.02 12.80 3.00
AK-02 Feb-02 1.00 0.39 0.01 7.20 4.50
AK-02 May-02 1.00 0.22 0.02 15.35 7.60
AK-02 Jul-02 3.18 0.90 0.01 28.50 3.10
AK-02 Jun-03 2.30 0.23 0.01 23.45 18.55
AK-02 Sep-03 5.13 0.47 0.06 23.50 38.80
AT-06 Feb-01 4.34 2.95 0.32 8.80 190.00
ATG-03 Jan-01 5.38 3.44 0.26 2.60 7.30
ATG-03 Aug-01 1.83 2.61 0.32 26.50 9.00
ATG-03 Nov-01 2.85 1.80 0.13 10.90 3.50
ATG-03 Feb-02 2.62 1.94 0.09 8.00 13.00
ATG-03 May-02 3.69 1.93 0.12 18.00 31.00
ATG-03 Jul-02 49.50 2.87 0.27 26.40 25.00
ATG-03 Aug-03 3.84 2.57 0.21 27.20 18.00
B-06 Nov-00 1.93 5.05 0.18 5.70 22.00
B-06 Apr-01 164.00 8.67 0.33 11.80 130.00
B-06 Nov-01 9.33 4.20 0.19 10.80 45.00
B-06 Mar-02 13.20 9.09 0.28 5.50 170.00
B-06 May-02 12.50 4.16 0.32 1490 220.00
B-06 May-03 16.00 6.81 0.24 19.50 80.00
B-06 Aug-03 55.20 3.21 0.23 25.90 50.00
BM-02  Oct-01 5.52 9.41 0.24 11.80 133.00
BM-02  Jan-02 2.36 5.93 0.20 0.34 5.00
BP-08 Jul-01 49.20 6.23 0.21 27.40 7.00
BP-08 Nov-01 13.40 6.97 0.15 9.66 5.00
BP-08 Feb-02 4.74 10.82 0.19 6.02 57.00
BP-08 Apr-02 6.21 12.39 0.08 12.97 15.85
BP-08 Jun-02 9.67 12.57 0.15 21.45 50.35
BP-08 Feb-03 19.60 4.86 0.42 0.85 11.70
BP-08 Sep-03 7.40 4.84 0.20 19.90 39.00
BPG-09 Jun-03 3.04 12.78 0.22 18.78 121.00
BPG-09 May-02 3.75 13.48 0.26 12.50 91.00
BPG-09 Jul-02 4.17 8.44 0.14 25.85 39.50
BPK-07 Dec-00 5.33 6.10 0.01 -0.29 3.90
BPK-07 Feb-01 62.60 10.34 0.97 3.94 450.00
BPK-07 May-01 6.43 15.76 0.08 18.08 28.40
BPK-07 Aug-01 14.70 0.81 0.06 21.80 40.00
BPK-07 Nov-01 10.60 5.07 0.02 7.50 5.90
BPK-07 Mar-02 1.21 8.75 0.03 3.36 6.68
BPK-07 May-02 5.37 12.09 0.34 1495 257.00
BPK-07  Jul-02 8.95 6.16 0.07 28.70 34.70
BPK-07  Jul-03 4.18 5.44 0.04 22.70 10.20
BPK-07 Oct-03 22.40 3.72 0.02 12.40 2.50

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,
Temp = temperature, Turb = turbidity



Appendix C-2. continued

Station Chl a,
ID Date  Corrected TN TP Temp Turb
(wg/t)  (mg/lL) (mg/lL) () (NTU)

C-23 Aug-00 0.00 1.94 0.26 23.90 70.00
C-23 Nov-00 20.70 2.54 0.39 5.70 27.00
C-23 Jul-01 70.50 1.85 0.25 27.40 75.00
C-23 Jan-02 10.00 3.54 0.20 7.10 70.00
C-23 Apr-02 8.83 291 0.48 17.50 35.00
C-23 Jul-03 41.60 2.59 0.17 29.80 41.80
C-23 Sep-03 23.90 2.43 0.15 25.00 48.00
CA-03 Jul-01 86.10 2.79 0.37 27.50 182.00
CA-05 Oct-00 19.60 1.63 0.27 15.10 27.00
CA-05 Jan-01 2.52 2.69 0.17 2.00 22.50
CA-05  Apr-01 38.90 1.20 0.12 23.00 31.70
CA-05 Nov-01 16.90 1.36 0.12 12.40 24.00
CA-05 Feb-02 20.70 1.25 0.05 7.70 10.50
CA-05 May-02 4.75 1.42 0.38 16.40 157.00
CA-05 Jun-03 14.40 2.07 0.19 22.60 40.00
CA-05 Sep-03 19.10 0.69 0.07 25.50 20.00
CA-05 Nov-03 8.89 0.64 0.05 12.50 7.50
D-05 Nov-00 30.70 7.36 0.40 4.39 55.20
D-05 Apr-01 108.00 9.82 0.30 11.19 64.80
D-05 Jul-01 75.30 4.17 0.68 28.50 130.00
D-05 Oct-01 26.30 8.63 0.68 13.30 217.00
D-05 Jan-02 16.70 8.70 0.45 1.49 63.00
D-05 Mar-02 36.70 7.53 0.28 6.80 67.00
D-05 Jun-02 33.70 7.69 0.19 23.10 30.00
D-05 Jun-03 92.70 4.44 0.42 27.20 71.00
D-09 Mar-02 10.80 9.14 0.35 5.34 70.00
D-23 Apr-01 43.20 6.05 0.33 18.33 15.90
D-23 Mar-01 8.42 7.17 0.31 5.54 14.00
D-23 Jun-01 60.70 5.62 0.54 29.47 9.60
D-23 Sep-01 48.40 3.48 0.53 26.82 14.00
D-23 Mar-02 7.38 8.79 0.30 6.93 85.00
D-23 May-02 6.87 7.49 0.24 13.68 37.00
D-23 Jun-03 43.00 9.06 0.43 25.56 40.00
D-23 Oct-03 9.79 6.06 0.89 13.72 78.00
D-30 Dec-00 38.60 6.74 0.47 0.73 73.70
D-30 Feb-01 0.00 6.86 0.38 0.64 99.60
D-30 Aug-01 41.70 3.09 0.58 24.20 76.00
D-30 Jan-02 14.10 8.31 0.37 0.36 31.00
D-30 Mar-02 20.90 7.69 0.32 5.59 78.00
D-30 Jun-02 14.30 5.76 0.25 23.10 41.00
D-30 Jul-03 183.00 4.27 0.41 26.00 79.00
D-30 Oct-03 45.00 3.98 0.57 15.00 64.00

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,
Temp = temperature, Turb = turbidity
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Appendix C-2. continued

Station Chl a,
ID Date  Corrected TN TP Temp Turb
(wg/t)  (mg/lL) (mg/lL) () (NTU)

D-32 Sep-00 35.60 3.98 0.56 21.49 53.00
D-32 Jan-01 5.98 5.78 0.55 0.16 55.40
D-32 Apr-01 16.10 8.10 0.35 14.04 81.70
D-32 Jul-01 23.00 2.94 0.42 29.80 47.00
D-32 Dec-01 26.60 5.12 0.33 6.89 35.00
D-32 Mar-02 13.58 9.32 0.30 1.05 63.00
D-32 May-02 13.49 6.94 0.25 17.05 87.90
D-32 Jul-02 40.55 5.00 0.39 30.05 62.20
D-32 Mar-03 10.66 5.20 0.56 5.43 54.45
D-32 Jul-03 69.60 4.60 0.38 27.30 64.00
D-32 Nov-03 18.90 2.59 0.46 14.60 70.00
DG-04  Jun-02 8.55 8.17 0.71 19.20 425.00
DT-01 Apr-01 112.00 3.98 0.17 14.88 13.00
DT-01 Oct-01 26.40 5.83 0.22 10.97 48.00
DT-01 Mar-02 19.30 6.91 0.11 4.36 15.00
DT-01 May-02 66.70 7.22 0.22 12.65 32.00
DT-01 Jun-03 192.00 2.88 0.32 24.75 40.00
DT-06 Jul-02 192.00 2.09 0.24 24.00 45.00
DT-35 Mar-01 8.96 3.66 0.08 4.36 14.00
DT-35 May-01 83.40 2.95 0.17 15.88 63.00
DT-35 Jul-01 115.00 2.64 0.22 27.65 52.00
DT-35 Oct-01 6.30 4.52 0.10 8.82 27.00
DT-35 Jan-02 3.72 4.33 0.04 -0.11 4.00
DT-35 Apr-02 18.90 3.74 0.04 4.23 12.00
DT-35 Jun-02 4.40 4.56 0.21 24.81 71.00
DT-35 May-03 15.90 3.16 0.09 17.92 32.70
DT-35 Aug-03 116.00 2.99 0.18 22.85 31.90
DV-04 Dec-01 2.54 9.79 0.03 11.17 7.00
DV-04 Feb-02 5.43 13.92 0.16 4.59 80.00
DV-04 May-02 5.07 13.32 0.26 12.78 117.00
DV-04 Jul-02 17.50 3.93 0.15 27.21 11.20
DV-04 Jun-03 5.88 14.79 0.08 17.79 21.80
DV-04  Aug-03 7.42 7.55 0.05 26.21 36.80
DV-04 Oct-03 17.80 1.00 0.07 10.42 9.23
E-18 Apr-02 3.08 13.96 0.07 6.58 23.00
E-25 Nov-00 12.20 6.04 0.29 4.14 8.90
E-25 Feb-01 9.53 7.81 0.47 3.75 100.00
E-25 Apr-01 19.60 7.25 0.26 18.08 40.00
E-25 Aug-01 191.00 3.24 0.70 26.90 44.00
E-25 Nov-01 13.70 4.27 0.52 10.60 25.00
E-25 Feb-02 13.40 8.51 0.29 2.81 65.00
E-25 Jul-02 28.90 9.09 0.30 26.30 88.00

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,
Temp = temperature, Turb = turbidity
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Station
ID

E-26
E-26
E-26
E-26
E-26
E-26
E-28
F-01
F-01
F-01
F-03
F-11
F-16
F-16
FB-01
FC-01
FF-01
FFB-01
FKA-01
FLD-01
FLDA-01
FLF-01
FLH-02
FLI-06
FLIA-01
FLIC-04
G-07
G-08
G-08
G-08
G-11
G-11
G-11
G-11
G-18
G-26
G-33
GB-01
GBK-02
GBL-02
GC-03
GG-04

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,

Date

Oct-00
Jan-01
Mar-01
Jul-01
Jan-02
Jul-02
Mar-02
Mar-01
Dec-01
Mar-02
Oct-00
Nov-00
Jun-03
Sep-03
Oct-00
Nov-00
Sep-00
Oct-00
Sep-00
Nov-00
Nov-00
Oct-01
Nov-00
Nov-00
Nov-00
Oct-01
Jun-03
Feb-02
Jun-02
Jun-03
Jan-02
May-02
May-03
Sep-03
Jul-03
Jun-03
Jul-03
Jun-03
Jun-03
Jun-03
Jun-03
Jun-03

Appendix C-2. continued

Chl a,
Corrected

(ug/L)

9.71
17.00
6.45
73.00
24.70
31.40
1.59
0.00
5.29
4.33
3.90
531
23.40
5.19
0.19
1.87
0.96
2.90
1.50
4.72
6.54
10.30
18.50
3.17
2.16
1.30
25.20
3.60
60.60
16.80
7.17
19.80
113.00
16.70
57.70
22.20
54.10
21.10
25.40
6.47
4.98
3.49

TN

(m

g/L)

3.85
8.00

10.74

4.01

10.00

9.94

13.55

0.11
7.09
4.36
0.77
0.53
6.15
2.45
2.87
1.95
2.05
3.38
0.24
1.00
1.17
1.40
0.70
0.56
0.77
1.96
6.31
6.68
8.00
5.16
9.77
3.91
5.52
6.11
6.01
5.30
5.27
5.82
4.22
9.79
7.81
4.46

Temp = temperature, Turb = turbidity
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TP
(mg/L)

0.50
0.66
0.20
1.90
0.38
0.39
0.08
0.10
0.15
0.05
0.05
0.02
0.10
0.15
0.01
0.01
0.17
0.63
0.02
0.02
0.03
0.11
0.30
0.01
0.56
0.03
0.59
0.09
0.11
0.14
1.44
0.43
0.61
1.03
0.73
0.45
0.71
0.95
0.75
1.45
0.33
0.89

Temp
()

10.73
-0.24

5.34
25.07

3.05
26.80

5.48

3.40

8.51

3.82
11.52
13.54
26.66
21.86
15.01
12.87
22.66
15.47
18.81
14.44
15.67
18.57
12.52
15.87
14.46
15.70
18.77

0.62
23.61
19.90

1.10
13.76
21.03
19.83
23.67
18.78
24.57
20.81
19.91
16.92
18.59
19.34

Turb
(NTU)

62.60
7.40
24.00
60.00
7.20
74.00
17.00
23.00
42.00
7.00
9.80
9.40
25.60
20.40
3.70
1.90
1.10
1.90
0.80
3.20
18.00
120.00
21.00
26.00
9.70
5.50
38.00
12.00
6.00
40.00
11.00
41.00
29.40
37.90
40.00
38.00
32.00
19.00
18.00
36.00
20.00
6.30



Station
ID

GGC-FN-A
GGC-FN-A
GGC-FN-C
GGC-FN-C
GGC-FN-C
GGC-FN-E
GI-02
GI-02
GI-02
GI-02
GI-02
GI-02
GI-02
GI-02
GI-02
GI-02
GL-09
GL-09
GL-09
GL-09
GL-09
GL-09
GV-01
HB-01
HBD-05
HBD-06
HBDB-03
HCC-02
HCC-07
HCC-07
HCC-07
HCC-07
HCC-07
HCCA-02
HCCB-05
HCCC-02
HCCC-02
HCCC-02
HCCC-02
HCCC-04
HCCD-09
HCCD-09

Appendix C-2. continued

Date

Jul-03
Sep-03
Aug-03
Jul-03
Sep-03
Aug-03
Aug-00
Jan-01
Apr-01
Aug-01
Oct-01
Jan-02
Apr-02
Jun-02
Jul-03
Sep-03
Dec-01
Apr-02
Jun-02
Feb-03
May-03
Jul-03
Jun-03
Jun-01
Jun-01
Aug-01
Jun-01
Jul-01
Dec-01
Apr-02
Jul-02
Jul-03
Nov-03
Sep-01
Jul-01
Dec-01
Mar-02
Jul-02
Jul-03
Aug-01
Jul-01
Sep-01

Chl a,
Corrected

(ugl/L)

11.20
9.53
2.09
8.12
6.74
1.24
4.50
2.46
5.57
7.93
2.06
1.00
3.86

11.50

12.50
6.69
8.47

16.96
5.73
3.28

120.65

20.19
5.93

14.30
0.19
4.82
2.30
1.50
7.55

12.60

23.35

14.30

13.20
211
4.68
7.89
5.12
1.87

36.50
7.58
7.61
7.42

TN

(mg/L)

1.51
1.41
511
1.57
3.84
5.76
5.20
8.66
9.12
5.61
6.12
13.33
9.02
7.12
6.41
6.15
6.54
5.03
6.99
13.44
7.83
3.23
1.93
5.55
0.97
12.11
1.88
9.85
4.27
5.36
7.62
3.39
2.06
2.43
16.79
1.03
0.63
2.36
1.56
8.69
8.58
2.80

TP
(mg/L)

0.15
0.11
2.69
0.36
0.48
2.83
1.10
1.10
0.92
0.70
0.63
1.95
0.82
0.85
0.76
0.94
1.05
0.66
1.22
291
1.31
0.73
0.07
2.30
0.15
5.90
0.37
2.30
0.58
0.73
1.42
0.72
0.19
0.46
3.80
0.07
0.04
0.26
0.15
1.80
2.00
0.44

Temp
()

21.19
17.50
21.92
19.55
17.67
21.94
29.76
12.41
15.21
27.41
16.60
11.01
12.93
30.48
28.97
25.70

9.08
10.94
21.36

0.02
21.90
24.88
18.16
23.64
21.17
23.45
21.09
22.05

6.94

6.68
24.54
22.60
10.45
15.27
18.14

4.70

1.49
23.49
22.63
25.82
18.25
16.10

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,
Temp = temperature, Turb = turbidity
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Turb
(NTU)

75.00
80.00
10.40
70.00
45.00
10.90
11.20

6.00
12.00
18.00
30.00
13.00
24.00
15.00
13.80
25.40
21.00
17.25
64.03
27.10
11.20
22.70
36.00
26.00
14.00
10.00
34.00
15.00
41.00
11.00
25.50
51.30
37.40
16.00
36.00
27.00
17.00
13.50
24.80
14.00
29.00
21.00



Appendix C-2. continued

Station
ID Date

HF-01 Aug-01
1-05 Dec-01
1-05 Aug-03
J-98 Feb-01
J-98 Mar-02
J-98 Aug-03
K-17 Jun-02
K-21 Nov-01
K-21 Jun-02
K-21 Nov-03
K-22 Jun-02
K-22 Nov-03
M-02 May-02
M-02 Nov-03
M-12 Feb-02
M-12 Jun-03
M-12 Nov-03
M-13 Nov-01
M-13 Jun-03
M-13 Nov-03
MJB-03 Oct-00
MN-07 Oct-00
MN-19 Oct-00
MNI-12 Oct-00
MQ-02 Oct-00
MS-01 Oct-00
N-12 Oct-00
N-12 Jan-01
N-12 Mar-01
N-12 Aug-01
N-12 Nov-01
N-12 Feb-02
N-12 May-02
N-12 Jul-02
N-12 Jun-03
NK-01 Jun-01
NK-01 Nov-01
NK-01 Apr-02
NK-01 Jun-02
NK-01 Jun-03
NK-01 Oct-03

Chl a,
Corrected

(ugl/L)

5.47
20.30
69.20

0.00

8.29
76.90

8.32

8.81

8.46

5.60

5.09
50.50
42.20

4.26
65.30
72.10
34.90
68.00
62.20
12.90

5.96

4.78
18.90

5.06

4.99

6.71
71.60

4.79
25.30
45.20
81.00
20.40
10.10
44.30

9.22
15.60

4.86

3.76
11.32

5.26
17.40

TN

(mg/L)

1.25
2.96
2.96
5.67
8.42
2.89
5.86
3.57
5.61
1.36
6.05
2.05
1.97
2.32
3.08
3.23
2.40
2.24
3.51
3.53
17.32
3.08
3.77
8.85
5.44
4.83
1.16
2.96
1.65
1.21
1.78
1.17
0.79
0.79
1.88
5.53
1.04
1.34
1.95
1.49
0.50

TP
(mg/L)

0.07
0.18
0.23
0.46
0.27
0.21
0.27
0.16
0.26
0.16
0.18
0.14
0.15
0.16
0.12
0.15
0.22
0.11
0.14
0.14
0.04
0.07
0.06
0.22
0.02
0.05
0.10
0.38
0.13
0.30
0.24
0.16
0.16
0.06
0.25
0.90
0.23
0.12
0.12
0.14
0.37

Temp
()

20.62

8.70
27.80

2.30
11.30
28.10
23.10
11.10
22.80

8.76
23.60

7.58
15.45

7.09

4.55
18.45

6.56

9.87
18.29

3.89
13.14
14.71
14.26
15.28
14.25
13.69
18.80

1.50

9.50
27.90
12.70

7.20
16.90
28.50
22.70
21.10
13.00
12.73
24.13
23.65
10.60

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,
Temp = temperature, Turb = turbidity
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Turb
(NTU)

13.00
21.50
39.00
95.00
54.00
21.00
113.00
23.00
111.00
27.00
44.00
25.00
41.00
27.00
32.00
38.00
73.00
17.00
23.00
36.00
12.00
1.60
9.10
2.30
11.00
16.00
35.00
105.00
32.50
53.00
37.00
27.00
17.00
56.00
55.00
384.00
5.00
52.20
15.73
17.65
7.60



Station
ID

0-02
0-02
0-02
0-02
0-02
0-02
0-02
0-02
0-02
0-02
0-07
0-11
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
P-20
P-20
P-20
P-20
P-20
P-20
PQ-07
PQ-13
PQ-14
PQC-02
PQC-11
PQCL-02
PQD-05
PQD-07
PQE-06
PQF-06
PQJ-01

Appendix C-2. concluded

Date

Oct-00
Jan-01
May-01
Jul-01
Oct-01
Dec-01
Mar-02
May-02
Jul-02
Jul-03
Jul-02
Oct-01
Nov-00
Feb-01
May-01
Aug-01
Nov-01
Feb-02
May-02
Jun-03
Oct-03
Mar-01
Aug-01
Feb-02
May-02
Jun-03
Sep-03
Jun-01
Jun-01
Aug-01
Jun-01
Aug-01
Jun-01
Jun-01
Jun-01
Jun-01
Jun-01
Jun-01

Chl a,
Corrected

(ugl/L)

2.93
2.46
9.39
59.10
12.50
1.00
4.92
3.63
23.90
40.70
29.00
8.13
35.60
10.60
27.80
16.00
44.70
52.00
24.20
15.30
1.75
32.30
86.10
74.60
53.90
162.00
15.20
6.11
3.04
9.03
15.30
155.00
3.16
8.35
9.04
4.06
6.01
15.80

TN

(mg/L)

9.59
9.99
9.65
4.53
2.22
11.62
11.62
12.01
10.80
6.69
2.44
2.52
0.86
3.88
3.07
0.89
1.39
2.54
3.76
7.03
1.11
6.82
5.55
6.90
9.00
4.97
3.99
4.50
3.19
4.68
13.07
3.70
8.45
6.15
4.66
7.33
8.88
7.81

TP
(mg/L)

0.12
0.04
0.15
0.23
0.24
0.06
0.04
0.20
0.17
0.19
0.19
0.03
0.11
0.38
0.19
0.28
0.21
0.20
0.29
1.09
0.20
0.23
0.33
0.16
0.26
0.25
0.28
0.20
0.20
0.13
0.47
0.44
0.25
0.22
0.20
0.12
0.16
0.06

Temp
()

11.63
-0.16
18.99
26.42
16.80

0.90

6.63
11.90
28.80
24.20
27.00
15.50
18.30

5.10
22.00
26.50
13.30

6.30
17.30
20.50
12.50

1.94
28.15

3.47
15.01
25.27
18.95

9.66
20.76
21.36
19.80
21.87
18.49
19.23
21.64
16.55
21.64
20.22

Notes: Chl a = Chlorophyll a, TN = total nitrogen, TP = total phosphorus,
Temp = temperature, Turb = turbidity
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Turb
(NTU)

14.90
2.30
84.00
55.00
38.00
4.00
9.00
67.00
48.40
46.00
22.00
15.00
32.00
131.00
32.00
25.50
14.00
32.00
82.00
539.00
24.00
20.00
40.00
17.00
29.90
56.60
33.90
32.00
22.00
19.00
30.00
24.00
34.00
54.00
31.00
20.00
49.00
14.00
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