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Focus on Extreme Events
and Resilience —

What are the properties and
processes critical to maintaining
water quality resilience across
soil-stream-lake system of the
LCB?

Tropical Storm Irene, Aug. 27, 2011
(Gordon Miller)
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Major Features of the BREE Integrated =5BREE
Assessment Model

in the Lake Champlain Basin
Regional Climate
Full suite of atmospheric variables generated by regional climate model;
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Land use & season influence event-scale
nitrate and phosphorus exports & export
stoichiometry from headwater catchments

Dustin Kincaid Erin Seybold, E. Carol Adair, William Bowden,
Julia Perdrial, Matthew Vaughan, Andrew Schroth

VT EPSCoR - Fall 2019 — Policy & Technical
Advisory Committee Meeting
Thu, December 19, 2019
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The relative availability or
stoichiometric ratios of N & P,
can affect autotrophic
biomass and production

And N:P can influence the
likelihood of harmful algal
blooms

Autotrophic response
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Tributary inputs are important for lake chemistry

http://Icbp.org/sol18dev/wp-content/uploads/2018/06/tributary-loading.jpg



External controls on lake chemistry in shallow bays
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What controls riverine N and P loading patterns on the event-scale?

Rain/melt

Land use ~ Season

Nutrient production Nutrient transport

Biogeochemical

Hydrologic flo th
rates & pools ydrologic tflow paths

¥
Watershed nutrient export



Can now predict N & P concurrently using in situ sensors & algorithms

Nitrate

SRP
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SRP = soluble reactive
phosphorus;
essentially phosphate



We quantified N & P dynamics for >400 high flow events across
three LULCs from 2014-2018
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% of annual nutrient load

Storms matter for annual loads,
though slightly less so for nitrate in the urban site

Nitrate

2014 2015 2016 2017 2018 2014 2015 2016 2017 2018
Year

100
75
50
25

|eJn)noLby

100

ueqgin
v3]
)
o
@
=h
S
=

P9]S8.10




NO,

SRP

Runoff-normalized NO; yield

Runoff-normalized SRP yield

Agriculture increases event NO;™ yields & masks
typical seasonal decline in NO; yields
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But what about the relative availability or RATIO of NO5™ to SRP for each event?
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Export ratios decrease from spring to fall & converge close to N:P ratio of 16:1;
BUT convergence is driven by different NO;~ & SRP dynamics at each site
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Smallest events had greatest magnitude and variability;
large events drive down export ratios
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Implications for Lake Champlain

400 1

Highest
export ratios
In spring

: SRP yield

3
for each event

300 1

200 1

Ratio of NO

100 1
N e [ SEER
SpringSummer Fall SpringSummer Fall SpringSummer Fall
Season

Key collaborator:
Dr. Erin Seybold,
now at the Kansas
Geological Survey

ra
o

I ROS
[ Snowmelt

-
o

Early season rain-
on-snow /
snowmelt events
matter A LOT!

n

Norm NC}3 yield
(kg km™ per mm runoff)
o

o

DONVEITDOND DD W

ALY g A B i A TS WY S g

e SRR
Date



[P

TN

Mar Apr May Jun Jul Aug Sep Oct Nov

Modified from Isles et al. 2017 BGC



Review of 2017-2019 bloom dynamics - Andrew
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Missisquoi Bay

157 Relative severity similar by year,
10 timing often offset between sites
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Both were muted in 2019!



