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Executive Summary

Purpose and scope

Lake Champlain is a treasured natuesource and the subject of several water quality

restoration goaldetermining the amount of watarutrients, and sediment delivered to the lake
each year by major tributaries is critical to inform management objeciilessreport compiles

water quality and discharge data for 18 major tributaries to Lake Champkiartone

concentration, load, artcends for key water quality parameters: total phosphorus, dissolved
phosphorus, total nitrogen, chloride, and total suspended solids. The influence of annual water
flux variability was reduced with a flowormalization technique. Trends in flavermalizel
concentration and load were considered for three time periods for all parameters: full record, and
the first and second halves of record. Model biases were generally within acceptable limits for all
constituents besides total suspended solids, wheremiations and loads were often over
estimatedModels and results were generated using custom automated programmingiogde

R statistical software, whichill reduce the time and cost required for future iterations of this
report to be generated for kea Champlain Basin stakeholders.

Total phosphorus

The Winooski and Missisquoi Rivers, Lake Cham
roughly 100 to 300 metric tons of phosphorus to the lake most yeaout af the 18

tributaries, ndrendsin flow-normalized total phosphorus load were fofmdany time period.
Flow-normalized total phosphorus load decreased ihitlle Ausable Rivethroughout the

period of record. Flownormalized loads decreased sharply in the first half of the regothd

LaPlatte River, but no trends were found in the second half of the record. Lewis and Little Otter
Creeks showed significant increases in fioermalized load for entire record. For the
MissisquoiandPoultneyRiversand PutnanCreek increasing tretts were only found in the

second half of the record.

Dissolved phosphorus

Dissolved phosphorus losadanged from roughly 20 to 80 metric tons per year for the Missiquoi
River and Otter Creek, and roughly 10 to 40 metric tons per year for the Winooskkand P
Rivers.Sevenout of the eighteen tributaries showed no trend in#hmsmalized dissolved
phosphorus load for all of the three trend periods considéhed aPlatte River showed a
significant decrease in flowormalized loadhroughout record, and @t Creek and Winooski
River showed a significant decrease for the first half of the record anedolid trend periods,

but not for the second half of recofichere wereignificant increases in flomormalized load

for several tributaries in the firbalf of record and full record trend periods, including: Ausable,
Boquet, Salmon, and Saranac Rivansl Putnam CreelOf these, only the Putna@reek

continued to increase in flomormalized loadn the second half of record; no trend in the second
half of record was observed for the others.

Total nitrogen
The Winooski and Missisquoi Rivers each delivered roughly 750 to 2,000 metric tons of nitrogen
to Lake Champlain most years. The Pike Riverahflow-normalized total nitrogen yield often
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exceeded that of other tributaries by a factor of two and Pike River annual mean total nitrogen
concentrations were much higher than other tributaries. Trends, mostly downward; in flow
normalized load were foul for at least one trend period for all luteetributaries. Flow

normalized total nitrogen load significantly decreased for all three trend periods in the Saranac
River. Six tributaries decreased in flemormalized total nitrogen load for the full reddrend

period the LaPlatteMettawee, Saranaand Salmon Rivers, and Ottnd PutnanCreels. The
Ausable, BoquetandLittle ChazyRiversshowed no trend for the first half of record, then had
significant decreases in the second half of the reGbgadificant increases in flommormalized

loadfor the second half of recomdere found irthe Great Chazy River and the Little Otter

Creek.

Chloride

The Winooski River delivered roughly 15,000 to 45,000 metric tons of chloride to Lake
Champlain each yearsitoads and yields often exceeded those of other tributaries. The LaPlatte
River had the highest flowwormalized chloride concentration for much of the record, though this
decreased significantly and was similar to the Winooski and Mettawee Rivers irF2047.

record significant increases in flemormalized chloride load were observed in all but two
tributaries, the LaPlatte and Pike Rivers, where decreasing trends wereHousid tributaries

that had significant first half and full record increasksre was no trend or a decreasing trend in
flow-normalized chloridéoadfor the second half of record: Ausable, Boquet, Missisquoi, and
Winooski Rivers, and Lewis and Otter Creeks.

Total suspended solids

Winooski and Missisquoi Rivers had the highestumhmotal suspended solittsads at times
exceeding an estimated 200,000 nedtynsper yearFive tributaries had significantly increasing
trends in flownormalized total suspended solldadfor thefull record: LaPlatte, Missisquoi,
and Pike Riversand Lewis and Little Otter Creeks. Of these, only Little Otter Creek had an
increasing trend in the second half of record; the others had noTretdamoille River was the
only tributary to show a decreasing trend in floarmalized total suspended sidloadfor the

full recordtrendperiod. The Little Ausable and Little Chazy Rivers had relatively low chloride
loads and yields, and both decreased significantly in the second half of record.

Water

Annual water fluxes for Lake Champlain tributaries waoesely related to contributing
watershed area, anarfjer watersheds generally had greater runoff per landTdreaVinooski
and Missisquoi Rivers delivered roughly one to three billion cubic meters of water to Lake
Champlain most years. There were remts inwater fluxfor the full record or for the first half
recordfor any tributary For the second half of record, the Boquet, Mettawee, @ttdr,
Poultney Riverand Putnam Creedhowed significant decreases in annual water flux.
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Introduction

Purpose of study

Lake Champlain is a treasured natural resource situathd US states of New York and
Vermont, and the Canadian Province of Quélbégufel). Its tributaries deliver water,

nutrients, sediment, and pollutants to lthiee from a drainage basin that is roughly 18 times the
size of the water bodyhelake and its tributaries are the subject of several restoration efforts.
To inform these r&oration efforts,lte Lake Champlain Basin Program supports the eng
Water Quality and Biological Monitoring Program for Lake Champ{BiiVIP) in collaboration
with New York and Vermont Departments of Environmental Conservatdrthe New England
Interstate Water Pollution Control Commissidiis program has collected extensive water
guality andaquatic community data since 19@tcluding 22 Lake Champlain tributary
monitoring stations wheieey water quality parameters are measisederal times gr year.n
addition, the U.S. Geological Survey has recorded estimates of dischargmpof thesenajor
Lake Champlain tributaries every frfinutes over the same time period.

ThelLake Champlain Basin ProgranTMP and US Geological Survey datasptevidethe
opportunity toconsider historical recorgsariability, andchanging trendsf the delivery of
water, nutrierg, sediment, and chloride delivery to the Iakece 1990This analysis is central to
Opportunities for ActionAn Evolving Plan fothe Future of the Lake Champlain Basivhich
calls for the assessment of progress toward established water quality tegetslly, it informs
theLake Champl ai n StBesobthernakéana Erosysterd Isdicators Reptith
disseminates thalest scientific knowledge a document accessilile all stakeholders in the
Lake Champlain Basin.
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Figurel. Mapof Lake Champlain, its drainage basimajor tributaries, ando-locatedlongterm
monitoringand streangauge stations(Medalie 2016)

Summary of past efforte estimatd_ake Champlain tributarjoads

Several pastftorts have calculatedoncentrationdpads,andtrendsfor Lake Champlain

tributaiies The Lake Champlain Diagnostieeasibility Study(1997) was the firsmajor effort

to documentributaryconcentrations anidadsof total phosphorus, dislved phosphorus, and
chloride At thattime, water samples and continuous discharge measurements were collected at
31 tributaries of Lake ChamplaiAlso anong the earliest efforts wl&edalie and Smeltzer

(2004) where tributary total phosphorus concentrations were summarizeldaalsdvere
calculatedor 18 major tributariesising the U.S. Army Corps of Engineers FLUX program
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(Walker 1987; Walker 1996)n this study, trends were determined using two separetieods
including the ESTIMATOR progrartCohn et al. 1992and a timeseries moving average
approach(Vecchia 2000)In Smeltzer and Simoneau (200Bhosphorusoads wereestimated

for tributaries of Missisquoi Bafyom 2002i 2005using the FLUX progranThis was also the
first study to incorporate laboratophhasphorusmeasurementsom the LTMP and the Québec
Ministere duEnvironnement et Lutte contre les changements climatiques (MElGG£S}imate
phosphorusoadfor the Pike River, which flows throughe twonations.Although
methodologicalifferences likely caused results from the two labs to be significantly different
linear regression model was used to adjust the data for inclustothéFLUX model

Medalie et al. (2012)as the first to estimate load trerfds 18ofLa ke Champl ai nd s
tributariesusing the weighted regression on timecHarge and season (WRTDS) model. This
method was then repeatadd updated wititerativeimprovements ilrMedalie (2013)Medalie

(2014) andMedalie (2016)The latest effort considered data fra®90i 2014, included

uncertainty estimates for the first time, and omitted estimates for the winter deaaddition,

Patoine (2017)sed the same modelastimate phosphorus logfiilom 2009 to 201 2or all

MELCC monitored streams in @bec,includingthe Pike River.

Phosphorusoadestimates fot.ake Champlaitave been made in the development atfal
Maximum Daily Load (TMDL)determinations for the states of New Y¢dNew York and
Vermont DECs2002)and Vermon{EPA, 2016. Both efforts were based on the BATHTUB
modeling progranfWalker 1987)and Lake Champlain Basin Program LTMP data. The
Vermont TMDL for Lake Champlairsegmentsiso incorprated the Soil and Water Assessment
Tool (SWAT) model to determinghosphorusoadsfrom areas that areutside of monitored
tributarywatersheds

Goalsof this work
The goat of this workareto consider available data fdischarge phosphorus, nitrogen,
chloride, andsuspendededimenfor the major tributaries of Lake Champlaio determine

1. annual mean concentration estimates for each constituent;

2. annual load estimates for eamdnstituentand

3. mid-term and longermtrends in corcentration and loadstimatesvith associated
uncertainties

Among many factors, annual constituéitiutaryloads and concentrations are driven by

m

precipitation and annualater flux, whichareh i ghl y vari abl e in the Lake

humidclimate.Flow-normalization by the WRTDS model is a methodaducethe influence of
annual variability in water fluand determine water quality trends that may be attributed to
watershed restoration effodsid/or environmental stressors

Methods
The LTMP collets water samples amdbutary dataat 22 tributary sites; 18 of these sites have
sufficient records for the WRTDS analy$isablel). Availablerecords began in 1990 for total
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phosphorus, dissolved phosphorus, and chloride. For total nitrogen and total suspended solids,
records began in 199Retailed methods on sample @ation can be found in the LTMP Quality
Assurance Project PlaApendixA). These concentration measurements were paired with
measurements of discharge by the U.S. Geological Survey at 17 of the 18 sites, and by the
MELCC at the Pike River.

Estimates anttends for concentration ahabdsfor water quality parameters were calculated
using WRTDS models generated with the EGRET packaggtirBch et al. 2010; R Core
Team 2015)Thisflexible statisticamethod igntended tgrovide estimates of actual
concentrations and fluxeand artificial estimates that reduce thiBuence ofannualwater flux
variability. Its regression to predict concentration values for any givensdagsed on a model
that weights time, discharge, and seasots f@gression takes the basic form

fio 1+ 1o 71 11 1 OEdg“o 1t AT o -, (1)
wherec is the estimated concentratidnyalues are fitted coefficientsis the time of the
estimate irfractionalyears,Q is daily mean discharge on the day of estimate (isa residual
term.The fitted coefficients are determined using weights that correspond to the multi

di mensiehahciéd of the esti mat e Thisriscdeterrkimedbyn s am
the equation

p  IQ EA&As Q
T EA&As Q
wherew is the weight used for regressiah, s t h e A d theestimatepeidt tothe o m
known sample concentration point, ani the halfwindow width, a usespecified input. This
function approximates a normal distribution with a flat top of the bell curve and tails equal to

zero past the halvindow width, rather than asymptotic tails. More detail on how these weights
determne regression coefficients can be foundtirsch et al. (2010)

(2)

Flow-normalizel estimates are intended to reduce the influence of annual variability in water
flux. These estimates acemputed ira similarway as actual estimates, thoughktead of using
the actual daily mean discharge for each estintla¢ealgorithm usethe mearof estimates using
all dischargameasurementsbservedt each site on the date of estim&ter example, if
estimating concentration on May 1, 2000, the model compestesates using discharges for
each observed May 1 on record, then calculates the ofi¢hese estimates.

WRTDS models and all results were generated using custom R programming code that
automated calculations, compilation, and graphical presentbks@rspecified parameters were
identical toMedalie (2016 andmostwater quality and discharge datasvetrieved

automatically through online databases and incorporated into model calcul@himns.
programming infrastructure will reduce the time and cost required for future iterations of this
report to be generated for Lake Champlain stakeholdénesulting das generated from this
report, including daily and annual estimates of concentration and load for all parameters and
tributaries, can be found in Appendix B.
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One notable difference froMedalie (2016)s thatannualestimates were generated for full
years rather than neminter periodsonly. Although winterwater qualitysample data is sparse
and including the wirr period may introduce uncertainty to estimatestershed managers and
other stakeholders have expressed a preference fyefuilestimates in order to compagsults
to nutrientload target@nd regulations

A second notable difference frowhedalie (2016)s theadditionof Québec MELCC phosphorus
concentration datep Pike Rivertotal phosphorus concentratiestimatesrom the LTMP. From

the earliest record until March 2009BUCC total and dissolved phosphorus concentrations
were determined by automated colorimetric method using ammonium molybdate. From April
2009until the present, these concentratioresedetermined bycid-persulfatedigestion aswith
LTMP samplesWhere appropriate, a conversion factor was appliedEaGA laboratory

results based on the correlation demonstratesnbgltzer and Simone42008)

The discharge gauging stations for the Little Chazy River was discontinued on September 30,
2014, and then resumed operation on October 1, 2015. In order to generate estimates and
calculate trends, the missing year of record @siBnated using a linear correlatiohavailable

daily mean discharge valuastLittle Chazy River gagewith the nearby Great Chazy River
gauge.The linear model incorporategd®6 days of data and was highly significant (p < 0.001)
with an adjustedR? of 0.81.

Tablel. Tributary informationand dates used in the analy$i®te that the tributaries are sorted
in descending order by watershed afidee Pike River gage number corresponds to the
MELCC gauge networkThe mean annualater flux is for years considered in this report.

Mean annual USGS STORET Date of first Date of first Date of last

Watershed water flux gage station  estimate for TP, estimate for estimate for all
Tributary area (kmz) (109 m3) number number TDP, Cl TN, TSS parameters
Winooski 2704 1.80 4290500 501903 1990-03-01 1992-06-01 2017-11-30
Missisquoi 2201 1.63 4294000 500505 1990-03-01 1992-06-01 2017-11-30
Lamoille 1777 1:2 4292500 501794 1990-03-01 1992-06-01 2017-11-30
Otter 1627 1.02 4282500 500509 1990-03-01 1992-06-01 2017-11-30
Saranac 1575 0.91 4273500 500491 1990-03-01 1992-06-01 2017-11-30
Ausable 1155 0.73 4275500 500500 1990-03-01 1992-06-01 2017-11-30
Bouquet 699 0.34 4276500 500498 1990-03-01 1992-06-01 2017-11-30
Great Chazy 629 0.32 4271500 500492 1990-03-01 1992-06-01 2017-11-30
Pike 584 0.33 30424 500512 1990-03-01 1992-06-01 2017-11-30
Poultney 484 0.25 4280000 500578 1990-03-01 1992-06-01 2017-11-30
Mettawee 433 0.25 4280450 500508 1990-03-01 1992-06-01 2017-11-30
Lewis 200 0.10 4282780 500503 1990-03-01 1992-06-01 2017-11-30
Little Ausable 176 0.05 4273800 500501 1991-10-01 1992-06-01 2017-11-30
Salmon 164 0.06 4273700 500502 1990-03-01 1992-06-01 2017-11-30
Little Otter 148 0.06 4282650 501371 1990-03-01 1992-06-01 2017-11-30
Putnam 134 0.07 4276842 500495 1990-03-01 1992-06-01 2014-09-30
Little Chazy 130 0.06 4271815 500490 1990-03-01 1992-06-01 2017-11-30
LaPlatte 116 0.05 4282795 501594 1990-03-01 1992-06-01 2017-11-30
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Annual ©ncentrationestimategnd uncertainties

Annual concentratioestimatesvere calculated in three ways: (1) thweightedmean
concentration, (2) flowveightedmeanconcentration, and (3Jow-normalized concentration.
The timeweightedmeanconcentratiorior a gven year is the arithmetic mean of all estimated
daily concentration valuesffeach tributaryand year Flow weighted concentration is given by
the equation,

8 - ©)

whereCrww is the annual flowwveighted mean concentratianjs the daily concentration on the
i'" dayof the yeayq; is the daily discharge on thi dayof the yeayandt; is the time duration of
thei™ dayof the year This results in the equivalent of the tatass flux divided by the total
flux volume ofwater. In other words, if the tributahypotheticallyflowed into a buckethatwas
well mixed at the end of the year, its concentration would equal thedkghted mean
concentrationThe difference between the fleweighted and timsveighted concenttens
indicates the importance of high discharge events (storms and snowmelt) on the bulk
concentration of water delivered to Lake Champlahe annualflow-normalized concentration
was found bycalculating thearithmeticmean ofall daily flow-normalizedconcentration values
for each tributaryand yearConfidence interval§@5%)for annualflow-normalized
concentratiorvalueswere generated using the EGRETci packadge.

Annualload estimatesand uncertaines

Annualloads for each sitevereestimatedy multiplying daily concentration estimates by daily
mean discharge estimatéisen summing each of thedaily loadestimates to attain a totalad
for each year. Annual flommormalizedoadwas calculated ia similarway, but using flow
nomalized concentrations rather thectual concentration estimat€onfidence interval§95%)
for annualflow-normalized loacstimatesvere generatkin the same way as those for flow
normalized concentration estimatésinual yield estimates weralculated by dividing the
annual loacestimats by thecontributingwatershed area for each tributa®ymilarly, annual
water yield estimates were calculated by dividing the annual water flux estimates by the
contributing watershed area for each tribytand converting units to millimeters.

Theflux bias statistids adimensionless diagnostic metric that indicates the difference between
modeled and observed loads for each WRTDS mdidelcalculated by the difference of the
mean predicted flux antté mean observed flux, divided by the mean obsditurdFlux bias
values outside of the rangeiof0 to*0.1(representation a range of +10% ermgyindicate

that the model has an unacceptable level of uncert@iitsch 2014; Medalie 2016)

Trends and uncertairgs

Trends and associated uncertairgiere calculatefbr three different time periods each site

and parareter. thefull record, beginningf recordto 2004 her eaf t erandi®®4tost hal f
theendofrecord her eaf t er . Re®rescused fbrenusnltofalgphosphorus,

dissolved phosphorus, and chloride begin in 1991 for all tributaries bédite#\usable River,
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which began in 1992. Records used for trends in total nitrogen and total suspended solids began
in 1993 for all tributaries. The last year of record used for trend analyses was 2017 for all
tributaries besides Putna@reek where 203 was used ahefinal yeardue to discharge data
availability.

The probability of a statistically significant trenddflmw-normalized concentration ahohd

was determinedsing the EGRETci R packagehich uses &ootstrap test using Monte Carlo
simuations to estimate the probability of detecting a trend when a trend is not pkéséel.
parameterseplicatedthose ofMedalie (2016)100 bootstrap replicates, 40 or more replicates,
and 200 days in a bootstrap blockjends were determined to be significant if their probability
of being different from zero wageater than oequal to 90%Changes from therst year of

trend to the last year of tremade reportedas well as the annualizeércentchangeorovided by
the equation

A 0, 4)

whereca is the annualized percent changes the final value in the trend periodjs the first
value in the trend period, ands thedurationof the trend period in years. Notettihismetric
differs from previous reports on Lake Champlain tribyiteendsand reflects the annual percent
change expected from year to year

Monotonic tends in annual water flux were determined by the nonparametric-Kiamahall
test and rates ofhangewere determined by Sens slagstimatoy which is equivalent to the
median of the slopes of all pairs of dated in each tegHelsel and Hirsch 2002)

Resultsand discussion

Modelperformance

Flux bias statistics for each modé&hble?2) indicate that most models were validated within an
acceptable amount of prediction ermor total phosphorus, models were acceptable for 16 out
of 18tributaries. Flux bias statistics for Putn&reekand Saranac River were less th@ri,
indicating thatotal phosphorus concentrations and loads may be underpredttexhdels
predicting dissolved phosphorus concentrations and loads were acceptathés bhat for

Saranac River, which tended to underpredict concentrations and loads. All WRTDS models for
total nitrogen and chloride were validated with acceptable flux bias statistics.

Of the 18 WRTDS models for total suspended sobd$y six were vdidated with an acceptable
flux bias statistic valueOf 12 others that had large errors, 10 tended to overpredict total
suspended solids concentrations and loadstvemtended to overpredict themotal suspended
solids often have a nonlinear relatioipstvith discharge, and #se relabnshipg may not be
adequately captured by the WRTDS metfidatsch et al. 2010; Medalie 2016)

Pagellof 77



Lake Champlain BasiRrogram Technical Report #86
M.C.H. Vaughan, 2019

Table2. Flux bias statistics (unitless) for each WRTDS model. Values lessGHaand greater
than +0.1 areutlined andshown inbold.

Tributary Total Dissolved .Total Chloride Total su:_a'pended
phosphorus  phosphorus  nitrogen solids
Ausable 0.007 -0.041 -0.044 -0.022 0.221
Boquet 0.058 0.075 0.057 -0.028 0.371
Great Chazy -0.014 -0.005 -0.001 -0.014 0.129
Lamoille -0.058 0.024 -0.007 -0.020 -0.138
LaPlatte 0.063 0.084 0.011 0.000 0.130
Lewis 0.007 -0.091 -0.013 -0.004 0.109
Little Ausable -0.069 -0.025 0.013 -0.018 0.118
Little Chazy -0.019 -0.006 0.001 -0.009 0.015
Little Otter -0.008 -0.002 0.014 -0.009 0.037
Mettawee 0.071 0.009 0.000 -0.001 0.217
Missisquot -0.017 0.005 -0.027 -0.016 0.063
Otter -0.016 0.008 -0.017 -0.013 0.006
Pike -0.003 0.026 -0.034 -0.009 0.035
Poultney 0.007 -0.005 -0.011 -0.004 0.116
Putnam -0.138 -0.028 -0.043 -0.035 -0.013
Salmon -0.035 -0.072 -0.014 0.015 0.117
Saranac -0.216 -0.170 -0.013 -0.020 -0.686
Winooski 0.012 -0.020 -0.010 -0.017 0.133

Total phosphorus

Annual time and flowrweighted mean total phosphorus concentrations demonstrate the
influence of annualydrologic variability on phosphorus concentratiéig(re3). Flow-
weighted mean concentrations tend to be higher thanvienghted mean concentrations for
total phosphars because total phosphorus trends to increase with higher discharge.

Monte Carlo simulations revealed that there were no trends in total phosphorus concentration
during any of the three trend periods Tavut of the 18 tributaried~{gure3, Table3). The

LaPlatte and Pike Rivers and Otter Creek showed significantrftmwalized concerdtion

decreases in the first half of the record, but these trends were not found in the second half of the
record. LewisLittle Otter, and PutnanCreeks all increased in flemormalized concentration

for full record and second halend periods. Finallythe flowrnormalized concentration in the
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Missisquoi River increased slightlgr the full record timeframebut no significant trerglwere
foundfor half record timeframes

Annual total phosphorus loads were also influenced by hydrologic variabilithesneiffect was
artificially reduced in annual flommormalized loads for trend analys&sgure4). Although the
largest tributaries generally had the highest loads (e.g., Winooski and Missisquoi Rivers), the
Pike River had the highest flemormalized total phosphorus yield (load per wdtedsarea) for

the entirerecord(Figure5). The Little Ausable, Saranac, and Salmon Rigrd Putham Creek
were among the tributaries with the lowest airilow-normalized total phosphorus yields.

In 10 out of the 18 tributaries, noends in flownormalized total phosphorus load were found for
any of the three trend periodBaple4). Flow-normalized loads decreased strongly in the first
half of the record for the LaPlatte Rivamd over the full record timeframleut no trends were
found in the second half of the record. Lewis and Little Otter Creekseshsignificant

increases in flownormalized load fofull and second haliend periods. For the Missisquemd
PoultneyRiversand PutnanCreek trends were only found in the second half of the record,
where trend probabilities were high (> 97%).
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Figure2. Estimated annual flowweighted mean (black dots and lines) and fimeghted mean
(grey dots and linegptal phosphorus concentrations for eighteen Lake Champlain tributaries.
An asterisk (*) indicates that the flux bistatisticwas outside of the acceptable raage that

the results should be interpreted waetne.
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the legend is in descending order by the latest value for each tributary.
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Table3. Trendprobabilitiesand magnitudefor flow-normalized total phosphorus concentrationover three trend periods for
eighteen Lake Champlain tributari®&ote that trend pericador (*) Little Ausable Rivebegin as early ak993, and trend perigdior
(® PutnamCreekendas late a®013.Significant trends (probability 0.90) are outlined and shownbold.

First half (1991 to 2004)

Full record (1991 - 2017)

Second half (2004 to 2017)

Annualized Annualized

Probability Change Annualized Probability Change  percent Probability =~ Change percent

Tributary Direction of trend (mgL™h percent change| Direction oftrend (mgL™) change |Direction oftrend (mgL™") change
Ausable Increase 0.91 0.005 1.6 No trend 0.62 0.000 0.1 No trend 0.82 -0.005 -14
Boquet No trend 0.89 0.008 2.0 No trend 0.72 0.005 0.6 No trend 0.60 -0.003 -0.6
Great Chazy | Imcrease 0.016 2.6 No trend 0.87 0.025 19 |Notrend  0.65 0.009 1.1
Lamoille No trend 0.77 0.007 2.0 No trend 0.72 -0.001 -0.1 No trend 0.74 -0.007 -2.2
LaPlatte  |Decrease -0.190 98 Decrease 0.99 -0.190 550 |Notrend 057 0.000 0.0
Lewis No trend 0.82 0.008 1.4 Increase 0.99 0.023 1.8 Increase 0.91 0.015 21
Little Ausable® | No trend 0.70 -0.008 -0.9 Decrease 0.97 -0.028 -1.6 Decrease 0.99 -0.020 -23
Little Chazy | No trend 0.72 0.037 2.7 No trend 0.60 -0.010 -0.4 No trend 0.87 -0.047 -35
Little Otter | Notrend  0.70 -0.006 -0.4 Increase 0.042 13 |Increase 0.047 3.1
Mettawee No trend 0.62 0.006 0.6 No trend 0.60 -0.001 -0.1 No trend 0.72 -0.007 -0.8
Missisquoi | No trend 0.60 0.003 0.5 Increase 0.90 0.007 0.5 No trend 0.79 0.003 0.5
Otter Decrease 0.97 -0.043 -3.7 Decrease 0.92 -0.037 -1.5 No trend 0.67 0.007 0.7
Pike Decrease 0.99 -0.051 -3.9 Decrease 0.99 -0.057 -23 No trend 0.89 -0.006 -0.7
Poultney No trend 0.55 0.000 0.0 No trend 0.84 0.011 0.7 No trend 0.88 0.011 14
Pumam®  [Notrend  0.50 0.000 0.2 Increase 0.011 24  |Increase 0.010 5.7
Salmon No trend 0.89 0.004 1.3 No trend 0.82 0.004 0.6 No trend 0.57 0.000 -0.1
Saranac | Increase 0.003 0.9 No trend 0.72 0.001 02 |Notrend 062 -0.002 -0.6
Winooski No trend 0.82 -0.005 -0.9 No trend 0.60 0.001 0.1 No trend 0.79 0.006 1.1
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Figure4. Estimated annual total phosphoload (black dots and lines) and flemormalized

total phosphorus load (grey lines) with 95%fidence intervals (grey shaded arefas)eighteen
Lake Champlain tributarie&\n asterisk (*) indicates that the flux bias statistic was outside of the
acceptable range and that the results should be interpreted with care.
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Figure5. Plot of aanual flowrnormalized total phosphorus yield estimdtaseighteen Lake
Champlain tributaries. The flowormalized yield is an estimate of load per watershed area, with
the influence of annual water flux variabilitydueced.Note that the legend is in descending order
by the latest value for each tributary.
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Table4. Trend probabilities and magnitudes flmw-normalized total phosphorusload over three trend periods for eighteen Lake
Champlain tibutaries. Notehat trend periosifor (*) Little Ausable River begin as early as 1993, and trend pefisd® Putnam
Creekend as late as 2018Significant trends (probability 0.90) are outlined and shownbold.

First half (1991 to 2004) Full record (1991 - 2017) Second half (2004 to 2017)
Annualized Annualized

Probability Change Annualized Probability Change percent Probability Change percent

Tributary Direction oftrend  (10°kgyr') percent change| Direction oftrend (10°kgyr') change |Direction oftrend (10°kgyr")  change
Ausable No trend 0.89 10.0 1.8 No trend 0.65 1.1 0.1 No trend 0.70 -9.0 -1.5
Boquet No trend 0.89 43 12 No trend 0.60 -1.5 -0.2 No trend 0.89 -5.8 -1.7
Great Chazy | No trend 0.75 2.7 0.9 No trend 0.72 23 0.4 No trend 0.65 -0.4 -0.1
Lamoille No trend 0.82 6.9 1.0 No trend 0.77 -2.6 -0.2 No trend 0.77 -9.5 -1.4
LaPlatte  |Decrease 52 45 Decrease 0.99 44 -18  |[Notend  0.79 0.9 0.9
Lewis No trend 0.70 04 03 Increase 0.99 59 1.9 Increase 0.97 54 34
Little Ausable* | No trend 0.84 -1.4 -2.2 Decrease 0.99 -23 -1.9 Decrease 0.99 -0.9 -1.7
Little Chazy | No frend 0.70 13 1.9 No trend 0.65 0.0 0.0 No trend 0.84 -13 -1.9
Little Otter No trend 0.60 0.0 0.0 Increase 4.0 1.4 Increase 4.0 2.9
Mettawee No trend 0.55 -1.8 -0.5 No trend 0.70 -2.7 -0.4 No trend 0.60 -0.9 -0.3
Missisquoi | Notrend 087 -21.0 -0.9 No trend 0.86 15.0 03  |Increase 36.0 15
Otter No trend 0.82 -23.0 -1.7 No trend 0.70 -18.0 -0.6 No trend 0.70 5.1 04
Pike Decrease .95 -13 No trend 0.72 37 02 |Notrend  0.72 5.7 08
Poultney No trend 0.62 1.5 0.4 No trend 0.89 19.0 22 Increase 0.97 17.0 39
Putnam® No frend 0.60 -0.4 -1.5 No trend 0.60 0.4 0.6 Increase 0.97 0.8 39
Salmon No trend 0.74 0.2 0.6 No trend 0.72 0.2 0.2 No trend 0.62 -0.1 -0.1
Saranac No trend 0.86 22 0.7 No trend 0.87 2.7 0.4 No trend 0.57 0.5 0.2
Winooski No trend 0.65 -10.0 -0.5 No trend 0.82 44.0 0.9 No trend 0.87 54.0 23
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Dissolvedphosphorus

Dissolved phosphorus concentrations were generally highest in Little@é#ek and thePike
and Little ChazyRivers and were similar and relatively l@nfor several tributarief~igure6
andFigure?). For 7 out of 18 tributaries, no trends in flemormalized dissolved phosphorus
concentration were fourfdr any of the thre trend period§Table5). Flow-normalized
concentration decreased in the Otter Creek and the LaPlatte River for the fiestchhlfirecord
trend periodsbut these trends were not found in the second half of record. Conversely, flow
normalized concentration significantly decsed inthe Little Ausable River for the second half
of the record onlyThe Pike River showed significant flemormalized concentration decreases
for full record and second half trend perioBall record significant increases in flemormalized
concentrabn were observed the Mettawee, Missisquoi, and Saranac Rivers and Putnam
Creek. Only Putnam Creek showed a significant increase in the second half of record.

Dissolved phosphorus losderehighest at Otter Creek and Missisquoi River, where loads were
often above 40 metric tord dissolvedphosphoruper year Figure8). Dissolved phosphorus
yieldswere relatively higHor Little Otter Creek, and the Pike and Littlea&2ly RiverqFigure

9). Sevenout of the eighteen tributaries showed no trend in-tmsmalized dissolved

phosphorus load for any of the three trend periods consilEagte6). The LaPlatte River was

the only tributary to demonstrate a significant decr@aiew-normalized loador all three

trend periods, and the Ott€reek and Winooski River showed a significant decrease for the first
half of the record, but no trends for the second Badfnificant increases in flowormalized
loadwere observed for several tributarfes thefirst half andfull recordtrend peridals,

including: Ausable, Boquet, Salmon, and Saranac RarsPutnam CreelOf these, only the
PutnamCreekcontinued to increase in flewormalized loadn the second half of record; no

trend was observed for all others.
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Figure6. Estimated annual flowweighted mean (black dots and lines) and fimegghted mean

(grey dots and lines)issolvedphosphorus concentrations for eighteen Lake Champlain
tributaries.An asterisk (*) indicates that the flux bias statistic was outside of the acceptable range
and that the results should be interpreted with care.
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Figure7. Plot d annual flowrnormalizeddissolvedphosphorus concentration estimates for
eighteen Lake Champlain tributaries. The annual4hmrnmalized concentration is an estimate of
the annuaimean concentration with the influence of annual water flux variabilitycestitlote
that the legend is in descending order by the latest value for each tributary.
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Table5. Trend probabilitieend magnitudes fdtow-normalized dissolvedphosphorus concentrationover three trend periods for
eighteerLake Champlain tributaries. Notieat trend pericsifor (*) Little Ausable River begin as early as 1993, and trend pefard
(® Putnam Creek end as late as 2@ignificant trends (probability 0.90) are outlined and shownbold.

First half (1991 to 2004) Full record (1991 - 2017) Second half (2004 to 2017)
Annualized Annualized

Probability Change Annualized Probability Change  percent Probability ~ Change percent

Tributary Direction of trend (mgL™h) percent change| Direction oftrend (mgL™) change |Direction of trend (mg L™ change
Ausable Increase 0.96 0.0030 25 No trend 0.84 0.0009 0.4 No trend 0.84 -0.0021 -1.6
Boquet No trend 0.88 0.0061 38 No trend 0.86 0.0040 13 No trend 0.55 -0.0022 -1.2
Great Chazy | No trend 0.77 0.0110 3.1 No trend 0.60 0.0045 0.7 No trend 0.79 -0.0061 -1.6
Lamoille Increase 0.91 0.0053 35 No trend 0.89 0.0024 0.9 No trend 0.60 -0.0029 -1.7
LaPlatte  |Decrease|  0.99 -0.1700 -12.7 Decrease 0.1800  -7.3 [Nowend  0.89 -0.0078 -1.9
Lewis No trend 0.57 0.0003 0.1 No trend 0.77 0.0012 0.3 No trend 0.65 0.0009 0.4
Little Ausable* | No trend  0.84 0.0030 0.5 No trend 0.87 20.0130  -1.4  |Decrease -0.0160 -3.1
Little Chazy | No trend 0.89 0.0340 31 No trend 0.57 -0.0140 -0.9 No trend 0.82 -0.0480 -4.8
Little Otter | No trend 0.82 -0.0097 -1.2 No trend 0.90 -0.0081 -0.5 No trend 0.67 0.0016 0.2
Mettawee Increase 0.99 0.0092 2.6 Increase 0.97 0.0094 1.3 No trend 0.50 0.0002 0.0
Missisquoi | Increase 0.94 0.0032 1.4 Increase 0.90 0.0063 1.2 No trend 0.87 0.0031 1.1
Ofter Decrease 1.00 -0.0380 -6.3 Decrease 0.99 -0.0380 -3.2 No trend 0.52 0.0001 0.0
Pike Notrend  0.84 -0.0140 2.0 Decrease 0.99 20.0270  -2.1  [Decrease -0.0130 24
Poultney No trend 0.57 -0.0023 -1.0 No trend 0.67 -0.0027 -0.6 No trend 0.62 -0.0004 -0.2
Pumam®  |Increase|  0.97 0.0025 28 Tncrease 0.0043 25  |Increase 0.0017 2.1
Salmon Increase 0.99 0.0038 22 No trend 0.89 0.0018 0.6 No trend 0.74 -0.0019 -1.1
Saranac | Increase| 0.9 0.0031 22 Increase 0.0036 12 |Notend  0.67 0.0005 03
Winooski No trend 0.86 -0.0018 -1.4 No trend 0.90 -0.0015 -0.6 No trend 0.60 0.0003 0.3
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Dissolved phosphorus load (10° kg P yr-)
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Figure8. Estimated annualissolvedohosphorugoad (black dots and lines) and flew
normalizeddissolvedphosphorus load (grey lines) with 95% confidence intervals (drayesl
areasYor eighteen Lake Champlain tributariés asterisk (*) indicates that the flux bias

statistic was outside of the acceptable range and that the results should be interpreted with care.
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Figure9. Plot of aanual flowrnormalizeddissolvedphosphorus yield estimatés eighteen Lake
Champlain tributaries. The flowormalized yield is an estimate of load per watershed area, with
the influence of annual water flux variability reducBidbte that the legend is alescending order

by the latest value for each tributary.
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Table6. Trendprobabilitiesand magnitudes fdtow-normalized dissolvedphosphorusload over three trend periods for eighteen
Lake Champlain tributaries. Notieat tend period for (*) Little Ausable River begin as early as 1993, and trend pefard?)
Putnam Creek end as late as 2@ ignificant trends (probability 0.90) are outlined and shownhold.

First half (1991 to 2004) Full record (1991 - 2017) Second half (2004 to 2017)
Annualized Annualized

Probability Change Annualized Probability Change percent Probability Change percent

Tributary Direction oftrend  (10°kgyr") percent change| Direction oftrend (10°kgyr') change |Direction oftrend (10°keyr”")  change
Ausable Increase 1.00 24 2.8 Increase 0.97 1.6 1.0 No trend 0.84 -0.8 -0.8
Boquet Increase 0.91 23 34 Increase 0.91 1.4 1.1 No trend 0.67 -0.9 -1.2
Great Chazy | No frend 0.84 3.5 2.5 No trend 0.57 0.5 0.2 No trend 0.87 -3.0 -2.0
Lamoille No frend 0.84 4.5 2.1 No trend 0.79 1.5 0.4 No trend 0.67 -3.0 -1.3
LaPlatte Decrease -5.3 -8.6 Decrease -5.7 -5.0 Decrease -0.4 -1.4
Lewis No trend 0.74 -0.3 -0.9 No trend 0.52 -0.1 -0.1 No trend 0.82 0.2 0.7
Little Ausable* | No trend 0.65 -0.5 -1.7 No trend 0.84 -1.0 -1.8 No trend 0.89 -0.5 -1.8
Little Chazy | Increase 11 23 No trend 0.70 -0.1 202 |Notrend  0.89 -13 26
Little Otter | No trend 0.87 -0.5 -0.9 No trend 0.50 0.0 0.0 No trend 0.89 0.5 0.8
Mettawee | Increase 1.6 14 No trend 0.81 11 05 |Notrend 070 0.3 -04
Missisquoi | No frend 0.86 2.7 0.6 Increase 0.90 9.0 0.9 No trend 0.89 6.3 1.2
Otter Decrease 27.0 -44 Decrease 0.99 -26.0 21 |Notrend 057 13 0.3
Pike No trend 0.57 -1.5 -0.6 No trend 0.89 -3.6 -0.7 No trend 0.86 -2.1 -0.8
Poultney No trend 0.60 -0.7 -0.8 No trend 0.62 -0.5 -0.3 No trend 0.55 0.2 0.2
Putnam® Increase 0.99 0.2 2.7 Increase 0.99 03 2.6 Increase 0.2 24
Salmon Increase 0.99 0.3 2.0 Increase 0.94 02 0.9 No trend 0.55 0.0 -0.1
Saranac Increase 0.97 3.1 24 Increase 0.99 3.7 1.4 No trend 0.72 0.6 0.4
Winooski  |Decrease 0.90 -4.7 -1.8 Decrease 0.97 -4.8 -0.9 No trend 0.57 -0.1 0.0
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Total nitrogen

In general, thdighest annual mean total nitrogen concentrations were observed at the Pike
River, and the lowest concentrations were observed at the P@reek(Figure10 andFigure
11). Although8 of the 18 tributaries demonstrated no treindflow-normalized concentration
over any of the three trend s, ninetributariesshowed decreasing trenitisflow-normalized
concentratiorior at least one trend peridg@iable?). Significant full record fbw-normalized
concentratiordecreases were found for seven tributaries: Ausable, LaPlatte, Little Chazy,
Mettawee, Salmon, and Saranac Rivers and Putnam.GhéelRiver demonstrated trenly full
recordsignificant increase in flommormalized concentratiothough no trend was observed in
the second half of recor@he Winooski River demonstrated a significant increasem-
normalized concentration fole firsthalf of record and a significant decrease in the second half
of record, resulting in nsignificantfull record trend.

AlthoughLakeChamplai® krgest tributarieghe Winooski and Missisquoi Rivergenerally
had the highesinnualtotal nitrogen loadsthe Pike River annudlow-normalizedtotal nitrogen
yield often exceeded that of other tributaries by a factor of Bigure13). Flow-normalized

total nitrogen yield was lowest in the SalmendBoquetRiversand PutnanCreek Trends in
flow-normalized load were found for at least one trend period for afbbutributaries(Table

8). Six tributaries decreased in flemormalized total nitrogen load for the full record trend
period: the LaPlatte, Mettawee, Saranac, and Salmon Rivers, and Otter and Putnam Creeks.
Several tributaries had trends tkhingedrom the first half of the record to the second half.
The Ausable, Boquet, Little Chazand Mettawedivers showed no trend for the first half of
record, then had significant decreases in the second half of the rEeerd/inooski River
demonstated a significant increase in fleomormalized load for the first half of record and a
significant decrease in the second half of record, resulting signdicantfull record trendIn
addition full recordsignificantincreasesn flow-normalized loadvere found irthe Little Otter
Creek (ncreasedull record and second half on|yPike River (increased first hahd full record
only), Great Chazy River (increased second half galyyl Missisquoi River (increased first half
of record only).
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Figurel0. Estimated annual flooweighted mean (black dots and lines) and timeéghted mean
(grey dots and linegdtal nitrogenconcentrations for eighteen Lake Champlain tributaries.
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Figurell Plot ofannual flownormalizedtotal nitrogenconcentration estimates for eighteen
Lake Champlain tributaries. The annual flomrmalized concentration is an estimate of the
annualmean concentration with the influence of annual water flux variability redhe.that
the legend is in descending order by the latest value for each tributary.
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Table7. Trend probabilitieend magnitudes fdtow-normalized total nitrogen concentration over three trend periods for eighteen
Lake Champlain tributaries. Notieat trend periosifor (¥) Putnam Creek end as late as 2®ignificant trends (probability 0.90)
are outlined and shown bold.

First half (1993 to 2004) Full record (1993 - 2017) Second half (2004 to 2017)
Annualized Annualized

Probability Change Annualized Probability ~Change  percent Probability =~ Change percent

Tributary Direction oftrend (mgL™) percent change| Direction oftrend (mgL™) change |Direction oftrend (mgL™M) change
Ausable No trend 0.57 -0.02 -0.4 Decrease 0.97 -0.12 -1.3 Decrease 0.99 -0.11 221
Boquet No trend 0.89 -0.05 -1.2 No trend 0.87 -0.10 -1.1 No trend 0.74 -0.05 -1.2
Great Chazy |Decrease -0.14 -1.9 No trend 0.52 0.00 00 |Notrend 088 0.14 16
Lamoille No trend 0.60 0.00 0.0 No trend 0.50 -0.02 -0.2 No trend 0.65 -0.02 -0.3
LaPlatte Decrease -0.25 -3.1 Decrease -0.34 -2.2 Decrease -0.10 -1.3
Lewis No trend 0.70 0.03 0.6 No trend 0.74 0.02 0.2 No trend 0.57 -0.01 -0.2
Little Ausable | No trend 0.84 0.07 0.8 No trend 0.87 0.09 0.4 No trend 0.60 0.02 02
Little Chazy | Notrend  0.65 -0.07 -0.5 Decrease -0.38 .14 |Notrend  0.86 -0.31 2.2
Little Otter No trend 0.62 0.05 0.5 No trend 0.87 0.12 0.5 No trend 0.72 0.07 0.6
Mettawee No trend 0.62 -0.06 -0.6 Decrease -0.19 -0.9 Decrease -0.13 -1.2
Missisquoi | No trend 0.76 0.06 0.8 No trend 0.89 0.06 0.3 No trend 0.62 -0.01 -0.1
Otter No trend 0.70 -0.02 -0.2 No trend 0.75 -0.05 -0.3 No trend 0.60 -0.03 -0.3
Pike Increase 0.46 25 Increase 0.52 13 |Notend  0.62 0.06 0.2
Poultney No trend 0.50 0.00 -0.1 No trend 0.89 -0.06 -0.5 No trend 0.74 -0.05 -0.8
Putnam® Decrease 0.97 -0.06 -1.6 Decrease 0.99 -0.09 -14 No trend 0.84 -0.03 -1.1
Salmon Decrease 0.95 -0.05 -1.1 Decrease 0.99 -0.11 -1.0 Decrease 0.96 -0.05 -1.0
Saranac Decrease 0.97 -0.08 -1.4 Decrease 0.99 -0.14 -1.2 Decrease 0.99 -0.07 -1.2
Winooski Increase 0.99 0.19 23 No trend 0.67 0.04 02 Decrease 0.99 -0.15 -1.5
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Figurel2 Estimatecannual totahitrogenload (black dots and lines) and flemormalized total
nitrogen load (grey lines) with 95% confidence intervals (grey shaded &oeag)hteen Lake
Champlain tributaries.
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Figurel3. Plot of annual flonnormalized total nitrogen yield estimates for eighteen Lake
Champlain tributariesThe flowrnormalized yield is an estimate of load per watershed area, with
the influence of annual water flux variability remed.Note that the legend is in descending order

by the latest value for each tributary.
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Table8. Trend probabilities and magnitudes flmw-normalized total nitrogen load over three trend periods for eighteen Lake
Champlain tribtaries Notethat trend periasifor (]) Putnam Creek ehas late as 201&ignificant trends (probability 0.90) are
outlined and shown ibold.

First half (1993 to 2004) Full record (1993 - 2017) Second half (2004 to 2017)
Annualized Annualized

Probability Change Annualized Probability Change percent Probability Change percent

Tributary Direction oftrend  (10°kgyr') percent change| Direction oftrend (10°kgyr") change |Direction oftrend (10°kgyr")  change
Ausable No trend 0.62 -1.7 0.0 No trend 0.90 -105.0 -1.2 Decrease 0.99 -103.0 S22
Boquet No trend 0.82 -17.0 -0.9 No trend 0.84 -54.0 -14 Decrease 0.99 -37.0 -1.9
Great Chazy |Decrease -44.0 -1.6 No trend 0.57 14.0 0.2 |Increase| 0.94 59.0 1.7
Lamoille No trend 0.52 10.0 0.1 No trend 0.62 -35.0 -0.2 No trend 0.79 -46.0 -0.5
LaPlatte  [Notrend  0.90 -12.0 25 Decrease -16.0 .16 |Notend 086 41 0.9
Lewis No trend 0.62 34 0.5 No trend 0.65 42 0.3 No trend 0.55 0.8 0.1
Little Ausable | No trend 0.57 -1.4 -0.2 No trend 0.77 3.6 0.3 No trend 0.87 5.0 0.7
Little Chazy | No trend 0.67 0.2 0.0 No trend 0.85 -11.0 -0.7 Decrease 0.91 -12.0 -1.2
Little Otter | No trend 0.55 1.1 0.1 Increase 0.99 15.0 0.9 Increase 0.97 14.0 1.5
Mettawee No frend 0.79 -30.0 -1.1 Decrease 0.97 -66.0 -1.1 Decrease 0.97 -36.0 -1.2
Missisquoi | Increase 126.0 1.0 No trend 0.89 130.0 04 |Notrend 067 46 0.0
Ofter No trend 0.74 -26.0 -0.3 Decrease 0.92 -80.0 -0.4 No trend 0.72 -55.0 -0.5
Pike Increase 208.0 2.8 Increase 0.99 194.0 12 |Notend  0.52 -14.0 -0.1
Poultney No trend 0.89 14.0 0.9 No trend 0.55 0.6 0.0 No trend 0.79 -14.0 -0.7
Putnam® Decrease -4.6 -1.6 Decrease 0.94 -5.2 -1.0 No trend 0.62 -0.6 -0.3
Salmon No trend 0.82 -3.0 -0.8 Decrease 0.92 43 -0.5 No trend 0.76 -1.3 -0.3
Saranac Decrease 0.96 -64.0 -1.3 Decrease 0.99 -120.0 -1.1 Decrease 0.99 -56.0 -1.1
Winooski Increase 0.97 185.0 1.4 No trend 0.60 -9.6 0.0 Decrease 0.99 -195.0 -1.2
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Chloride

In general,itne-weighted mearchloride concentratiomalueswere higher than flowveighted
mean values, in contrasttiwese relationships farutrients and total suspended soligure

14). This is because baseflachlorideconcentrations terdito be higher than chloride
coneentrations during storm events, whebutaries had mordiluted concentrationsThe
LaPlatte River had relatively high chloride concentrations, and the largest difference between
time- and fow-weighted annual mean concentratiofise LaPlatte Rivewas the only tributary
to demonstrate a significant decreasing trend in chloride concentfasible9). Nearly all (16)
of the other tributaries showed significant increasing trends infilennalized chloride
concentratiorior the full recordtrend periodEight of these tributaries showed no trend in the
second half of thescord.

Annual chloride loadand yieldsn the Winooski Rivepftenexceeded those of all other
tributaries and the Metiwee River chloride yield was also relativéligh (Figure16 andFigure
17). Firsthalf and till-record significanincreasingrends in flownormalized chloride loadere
observed in all but two tributaries, whdud recorddecreamg trends were foun{Pike and
LaPlatte RiversTable10). Seven bthesesixteentributariesshowed no trend in flow
normalized loadn the second half of the recotttie Ausable, Boquet, Meitee, Missisquoi,
and Winooski Rivers, and Lewis and Otter Creédthough thePutnamCreekincreased in
flow-normalized load for the full and first half of recordslitowed a decreaser the second half
of the record.
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Figurel4. Estimatecannual flowweighted mean (black dots and lines) and timeéghted mean
(grey dots and lineghlorideconcentrations for eighteen Lake Champlain tributaries.
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Figurel5. Plot of annual flownormalizedchlorideconcentratio estimates for eighteen Lake
Champlain tributaries. The annual flavermalized concentration is an estimate of the annual
mean concentration with the influence of annual water flux variability redized.that the
legend is in descending order by thie&d value for each tributary.
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Table9. Trendprobabilities and magnitudes fiblow-normalized chloride concentration over three trend periods for eighteen Lake
Champlain tributariedNotethattrend period for (*) Little Ausable River begin as early as 1993, and trend pefosd® Putnam
Creek end as late as 20B3gnificant trends (probability 0.90) are outlinednd shown irbold.

First half (1991 to 2004) Full record (1991 - 2017) Second half (2004 to 2017)
Annualized Annualized

Probability Change Annualized Probability Change percent Probability Change percent

Tributary Direction  of trend (mgL™h percent change| Direction oftrend (mgL") change |Direction oftrend (mg L™ change
Ausable Increase 0.99 8.1 5.8 Increase 0.99 6.5 24 No trend 0.90 -1.6 -0.8
Boquet Increase 0.99 7.6 3.8 Increase 0.99 6.8 1.8 No trend 0.67 -0.7 -0.3
Great Chazy |Increase 0.99 31 15 Increase 0.99 6.5 15 Increase 0.99 3.5 1.4
Lamoille No trend 0.88 1.1 0.8 Increase 0.97 3.2 1.1 Increase 0.93 2.1 1.3
LaPlatte Decrease 0.98 -9.2 -1.6 Decrease 0.99 -23.0 2.4 Decrease 1.00 -14.0 =33
Lewis Increase 0.99 14 1.2 Increase 0.97 1.7 0.7 No trend 0.67 0.2 0.2
Little Ausable* | Increase 0.99 4.4 2.7 Increase 0.99 7.1 1.9 Increase 2.7 1.2
Little Chazy |Increase 0.99 36 1.5 Increase 0.99 34 0.7 No trend 0.52 -0.1 0.0
Little Otter Increase 0.99 3.6 1.7 Increase 0.99 4.4 1.0 Increase 0.96 0.8 03
Mettawee Increase 0.99 9.7 43 Increase 0.99 15.0 29 Increase 0.99 5.1 1.5
Missisquoi | Increase 0.99 1.7 1.6 Increase 0.92 L5 0.7 No trend 0.70 -0.2 -0.2
Oftter Increase 0.99 38 22 Increase 0.99 4.2 1.2 No trend 0.74 0.4 0.2
Pike No trend 0.70 0.7 0.3 No trend 0.80 -0.9 -0.2 No trend 0.90 -1.5 -0.8
Poultney Increase 0.99 34 1.7 Increase 0.99 5.2 1.2 Increase 1.8 0.7
Putnam® Increase 0.99 5.1 4.0 Increase 0.99 4.6 2.2 No trend 0.72 -0.5 -0.4
Salmon Increase 0.99 2.8 2.9 Increase 0.99 7.7 3.1 Increase 0.99 4.9 3.4
Saranac Increase 0.99 5.1 4.7 Increase 0.99 8.2 33 Increase 0.99 3.2 1.9
Winooski Increase 0.99 13.0 5.0 Increase 0.99 12.0 23 No trend 0.74 -1.5 -0.4
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Figurel6. Estimatecannualchlorideload (black dots and lines) and flemormalizedchloride
load (grey lines) with 95% confidence intervals (grey shaded dmrasiphteen Lake Champlain
tributaries.
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Figurel7. Plot of annual flownormalizedchlorideyield estimates for eighteen Lake Champlain
tributaries. The flowrnormalized yield is an estimate of load per watershed area, with the
influence of annual water flux variability reduced. Note that the legeinddisscending orddryy
the latest value for each tributary.
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Table10. Trendprobabilities and magnitudes ftlow-normalized chloride load over three trend periods for eighteen Lake
Champlain tributariedNotethat trend pericsifor (*) Little Ausable River begin agarly as 1993, and trend perfdr (%) Putnam
Creek end akate as 2013Significant trends (probability 0.90) are outlined and shownbold.

First half (1991 to 2004) Full record (1991 - 2017) Second half (2004 to 2017)
Annualized Annualized

Probability Change Annualized Probability Change percent Probability Change percent

Tributary Direction oftrend  (10°kgyr") percent change| Direction oftrend (10°kgyr') change |Direction oftrend (10°kgyr")  change
Ausable Increase 0.99 4276 5.7 Increase 0.99 3601 2.5 No trend 0.85 -675 -0.6
Boquet Increase 0.99 2099 4.0 Increase 0.99 1849 1.8 No trend 0.70 -250 -0.4
Great Chazy |Increase 0.99 1105 2.1 Increase 0.99 2302 1.9 Increase 0.99 1197 1.7
Lamoille Increase 0.97 1365 0.9 Increase 0.99 3999 1.2 Increase 0.97 2634 1.5
LaPlatte Decrease 0.95 -109 -0.7 Decrease 0.99 -288 -1.0 Decrease 0.97 -180 -1.3
Lewis Increase 0.99 97 0.9 Increase 0.97 135 0.6 No trend 0.79 38 0.3
Little Ausable* | Increase 0.99 154 2.0 Increase 0.99 306 1.7 Increase 0.99 152 1.5
Little Chazy |Increase 0.99 175 1.5 Increase 0.99 289 1.1 Increase 0.99 114 0.8
Little Otter Increase 0.99 129 1.3 Increase 0.99 162 0.8 Increase 0.92 34 0.3
Mettawee Increase 0.99 1873 4.0 Increase 0.99 3066 2.8 Increase 0.99 1193 1.7
Missisquoi | Increase 0.99 1817 13 Increase 0.98 2336 0.8 No trend 0.82 519 0.3
Otter Increase 0.99 3236 2.2 Increase 0.99 3654 1.2 No trend 0.74 417 0.2
Pike No trend 0.57 -32 -0.1 Decrease 0.91 -375 -0.4 No trend 0.85 -343 -0.7
Poultney Increase 0.99 578 1.5 Increase 0.99 914 1.2 Increase 1.00 337 0.8
Putnam? Increase 0.99 305 44 Increase 0.99 234 2.1 Decrease 0.91 -71 -1.2
Salmon Increase 0.99 180 3.1 Increase 0.99 451 3.1 Increase 0.99 271 3.1
Saranac Increase 0.99 4356 4.7 Increase 0.99 7077 3.3 Increase 0.99 2721 1.9
Winooski Increase 0.99 16126 4.4 Increase 0.99 15887 2.1 No trend 0.65 -239 0.0
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Total suspended solids

Becausevalidations showed thabhany of the models to predict total suspended solids
concentration and load were bias&dlfle2), results below should be interpreted witire and
with the caveat that they have notable uncertaisiyual 1ow-weightedmean total suspended
solids concentrations wergeavily influenced by annual discharge variabidityd were
consistently higher than annual timeighted mean valué&igure18). For 8 out of 18
tributaries, 1 trends in flownormalized total suspended solids concentratiere found for any
trend periodTablel1). Full record significant increasas flow-normalized concentrationere
found in the LaPlattand Poultney Rivers and Lewis, Little Otter, and Otter Crdé&aever,
Lewis and Otter Creeksad no significantrends in the second half of recoha.contrast, the
Winooski River had no trend in flowormalized concentration in the first half of record, but
significantly increased in the second half of record.

Winooski and Missisquoi Rivers had the highestutotal suspended solids logdt times
exceeding an estimated 300,000 meetvnsper yearFigure20). In addition to these two
tributaries, the Poultney River had relatively haginualflow-normalized total suspended solids
yields (Figure21). Although five tributaries had significantly increasing trends in flow
normalized loador thefull recordtrend periodLaPlatte, Missisquoi, and Pike Rivers, and
Lewis and Little Otter Creeks), only twadsignificantlyincreasing trends in the second half of
record (Little Otter Creek and Winooski Rivéhable12). Three tributaries showesignificant
decreases in flommormalized loadLamoille River for theull recordtrend periogand Little
Ausable and Little Chazy Rivers for the second half of record.
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Figurel8. Estimated annual flowweighted mean (black dots and lines) and tmegghted mean

(grey dots and linegptal suspended solidercentrations for eighteen Lake Champlain
tributaries.An asterisk (*) indicates that the flux bias statistic was outside of the acceptable range
andthat the results should be interpreted with care.
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Figurel9. Plot of annual flownormalizedtotal suspended solid®ncentration estimates for
eighteen Lake Champlain tributaries. The annual#t@msmalized concentration is an estimate of
the annuamean concentration with the influence of annual water flux variability redized.

that the legend is in descendingler by the latest value for each tributary.
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Tablell Trendprobabilities and magnitudes fitlow-normalized total suspended solidsoncentration over three trend periods for
eighteen Lake Champlain tributariééotethat trend pedds for (]) Putnam Creek end as late as 2@ignificant trends (probability
> 0.90) are outlined and shownhwold.

First half (1993 to 2004) Full record (1993 - 2017) Second half (2004 to 2017)
Annualized Annualized

Probability Change Annualized Probability Change percent Probability Change percent

Tributary Direction  of trend (mg L™ percent change| Direction oftrend (mgL') change |Direction oftrend (mgL™h change
Ausable Increase 0.90 1.7 23 No trend 0.65 0.0 0.0 No trend 0.89 -1.7 -2.0
Boquet No trend 0.67 0.7 0.6 No trend 0.65 -0.4 -0.2 No trend 0.62 -11 -0.8
Great Chazy | No trend 0.55 -1.1 -0.9 No trend 0.70 2.5 0.9 No trend 0.60 3.5 24
Lamoille No trend 0.65 2.8 2.8 No trend 0.89 -23 -1.4 No trend 0.74 -5.1 -4.9
LaPlatte  |Notrend  0.79 32 2.1 Tncrease 0.97 8.9 23 |Increase 5.7 2.4
Lewis Increase 0.99 12.0 6.9 Increase 0.97 220 4.6 No trend 0.87 9.9 2.7
Little Ausable |Increase 0.92 1.1 1.4 No trend 0.57 -0.8 -0.5 Decrease 0.98 -1.9 -2.2
Little Chazy | No trend 0.55 -0.2 -03 No trend 0.89 -23 -1.7 Decrease 0.97 221 -2.9
Little Otter | Notrend  0.84 8.3 41 Increase 51.0 6.5 |Imcrease  0.99 43.0 8.5
Mettawee No trend 0.74 -5.6 -2.5 No trend 0.84 -4.7 -0.9 No trend 0.62 0.9 0.4
Missisquoi | No trend 0.79 -1.4 -0.8 No trend 0.65 1.1 0.3 No trend 0.89 2.6 1.2
Otter Noftrend  0.85 8.0 3.4 Increase 19.0 31  |Notrend  0.74 11.0 2.8
Pike Increase 0.96 16.0 7.0 No trend 0.88 9.5 22 No trend 0.79 -6.0 -1.7
Poultney Increase 0.91 6.2 2.0 Increase 23.0 2.8 Increase 17.0 34
Putnam® No trend 0.50 -0.9 -1.5 No trend 0.50 -0.6 -0.5 No trend 0.74 03 0.7
Salmon No trend 0.52 0.0 -0.1 No trend 0.72 -1.0 -1.0 No trend 0.84 -1.0 -1.8
Saranac No trend 0.55 0.0 0.0 No trend 0.74 -0.8 -0.9 No trend 0.87 -0.8 -1.7
Winooski | Notrend  0.82 -5.4 2.2 No trend 0.90 5.1 0.8 |Increase 11.0 3.4
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Figure20. Estimatecannuattotal suspended solidisad (black dots and lines) and flew
normalizediotal suspended solidsad (grey lines) with 95% confidence intervals (grey shaded
areasYor eighteen Lake Champlain tributariés asterisk (*) indicates that the flux bias

statistic was outside of the accdgearange and that the results should be interpreted with care.
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Figure21l. Plot of annual flomnormalized total suspended solids yield estimates for eighteen
Lake Champlain tributarie3 he flowrnormalized yield is amstimate of load per watershed area,
with the influence of annual water flux variability reduced. Note that the legend is in descending
order by the latest value for each tributary.
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Tablel12 Trend probabilities and magnitugléorflow-normalized total suspended solids loadver three trend periods for eighteen
Lake Champlain tributaries. Note that trend pesifmd (¥) Putnam Creek end as late as 2®ignificant trends (probability 0.90)
are outlined and shown bold.

First half (1993 to 2004) Full record (1993 - 2017) Second half (2004 to 2017)
Annualized Annualized

Probability Change Annualized Probability Change percent Probability Change percent

Tributary Direction oftrend  (10°kgyr') percent change| Direction oftrend (10°kgyr”) change |Direction oftrend (10°kgyr’)  change
Ausable No trend 0.70 3461 1.7 No trend 0.79 479 0.1 No trend 0.67 -2982 -1.2
Boquet No trend 0.72 1399 1.0 No trend 0.52 -1191 -0.4 No trend 0.70 -2591 -1.5
Great Chazy | No trend 0.60 -671 -0.9 No trend 0.60 -652 -0.4 No trend 0.65 19 0.0
Lamoille No trend 0.52 349 0.1 Decrease 0.91 -6543 -1.1 No trend 0.84 -6892 2.1
LaPlatte No trend 0.82 581 2.3 Increase 0.94 1213 2.0 No trend 0.87 632 1.7
Lewis Increase 3537 63 Increase 0.97 6709 44 |Notrend  0.89 3172 2.8
Little Ausable | No trend 0.64 60 0.7 No trend 0.79 -137 -0.9 Decrease 0.97 -197 -23
Little Chazy | No trend 0.55 19 0.3 No trend 0.89 -111 -1.0 Decrease 0.97 -130 -2.1
Litle Otter | Notrend  0.89 578 28 Increase 3370 47  |Increase| 0.97 2792 6.4
Mettawee No trend 0.72 -3020 -1.8 No trend 0.65 -2420 -0.7 No trend 0.62 600 03
Missisquoi | No trend _ 0.60 2808 03 Tncrease 37110 15 |Nowend  0.89 34303 25
Otter Increase 0.92 14117 3.5 No trend 0.87 28442 2.8 No trend 0.65 14325 22
pike Increase|  0.99 11392 6.6 Increase 15211 37 |Notrend  0.60 3820 12
Poultney No trend 0.75 3360 1.6 No trend 0.78 18556 3.0 No trend 0.87 15196 42
Putnam® No trend 0.70 -485 -3.8 No trend 0.60 -348 -1.4 No trend 0.84 137 1.6
Salmon No trend 0.55 -17 -0.2 No trend 0.74 -115 -0.6 No trend 0.77 -98 -0.9
Saranac No trend 0.65 -348 -0.6 No trend 0.62 -526 -0.4 No trend 0.35 -178 -0.3
Winooski | Notrend  0.79 -25022 1.7 No trend 0.90 36760 0.9 |Increase 61782 3.2
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Water

Annual water fluxes for Lake Champlain tributaries were closely related to contributing
watershed ared @blel, Figure22). The highest observed water flux was from the Winooski

River in 2011, when 3.0 billion cubic meters of water were delivered to the Lake. There were no
trends inwater fluxfor the full recordor for the first half recordor any tributary For the second

half of record, the Boquet, Mettawee, Otter, PoultRexersand PutnanCreekshowed

significant decreases in annual water flralfle13). Plotting mean annual water yield vs.
contributing watershed area shows that tributaries with larger watersheds generally had greater
runoff per land area~gure24).
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Figure22. Estimated annual water flux for eighteen Lake Champlain tributaries.
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Figure23. Estimated annual watgreld for eighteen Lake Champlain tributaries.
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