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The Overarching RACC Question EPS¢oR

How will the interactions of climate change and land
use alter hydrological processes and nutrient transport
from the landscape, internal processing and eutrophic

state within Lake Champlain, and what are the
implications for adaptive management strategies?
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. EPSCoR
Question 1 "

e Q1: What is the relative importance of endogenous (in-
lake) processes versus exogenous (to-lake) processes
to eutrophication and harmful algal blooms?
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Approach to Question 1 YA
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The Recipe for an Algae Soup in Lake
Champlain




Algae Cocktall



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=NUa8d7hTUfxhnM&tbnid=NfboSzZWNmncgM:&ved=0CAUQjRw&url=http://www.easy-immune-health.com/vitamin-d-supplements-and-sunlight.html&ei=DftfUrT9HbD54AOl14CYAg&bvm=bv.54176721,d.dmg&psig=AFQjCNHG4ClLyMQ9IjOt1LKqUc3HipwhBA&ust=1382108276678562

Algae Cocktall

| Light
Water Temperature (~ 20°C)
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Algae Cocktall

Light

Water Temperature (~ 20°C)
= L ——

Nutrients — P, N
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Algae Cocktall

Light
Water Temperature

Nutrients — P, N
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High Phytoplankton Primary Productivity
Cocktall

_ P input is the most manageable
W 1 Light ingredient of the cocktail!

~ Water Temperature

Nutrients — P, N
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How Will Climate Change Affect the Primary Productivity Cocktalil

Timing of when we reach the recipe?
For how long and at what level?
L 1 Does the recipe remain the same?
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Example Climate Change Effects on Lake
Champlain System

External Changes -
More frequent storms
eLonger growing season on land
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Where In the watershed does the
Phosphorous come from?
Most comes from high flow events

——Srowmelt—— e —————
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Watershed P Sources-High Flow Events

~ e Agricultural runoff during storms and flooding

USG5 842946860 HISSISQUOT RIVEE AT SHANTON, YT
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Watershed P Sources-High Flow Events
« Urban runoff during storms
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Watershed P Sources-High Flow Events
e Stream bank and road erosion
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Focus Watersheds  ‘erscor

Missisquoi

oS Agriculture: runoff,
4 groundwater, soils, stream
bank erosion




RACC Watershed Monitoring Sites

Winooski

Missisquoi
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. EPSCoR
Question 1 "

e Q1: What is the relative importance of endogenous (in-
lake) processes versus exogenous (to-lake) processes
to eutrophication and harmful algal blooms?




Lake sediment source or nutrients to the
system

Poorly understood feedback loop between water column processes and sediment

ISR AELERR S Biological Productivity
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Missisquoi Bay Advanced Environmental e AN
Monitoring Systems: Main Site R

Middlebury
Hydrodynamics

UVM Biogeochemical Station
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Weekly Depth Grabs

Vertical Profiler




UVM Biogeochemical High-Frequency Sampling
Strategy: Sample Site

« Water depth ~ 3-4 m

« SE portion of bay insulated from
S, E, W winds

e Sijte of the most intense BGA
blooms




High-Frequency Sampling Strategy: Measurements .2 ~°

 Hourly:

— Sonde measurements (DO, pH, turbidity, temp, phycocyanin,
chlorophyll a) (5 depths)

— Weather, river variables (temp, wind, discharge, water level)
 Every 8 hours (5am, 1pm, 9pm)
— Total nitrogen, total phosphorus, total metals (3 depths)

o Weekly

— SRP, TDP, NOg', NH,*, dissolved metals, colloidal metals, ===
DOC, phytoplankton species, zooplankton species, TSS, = .
« - sediment cores(forms of metals and P, Biweekly)
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Environmental Conditions: 2012 and 2013

Missisquoi Bay Buoy Data, 2012 & 2013
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Biology and Water Chemistry: 2012 and 2013

Missisquoi Bay Buoy Data, 2012 & 2013
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Process-Based Modeling

Load Hydrokysis & Mineraltzation
Uptae
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Example Output from Scenarios

Summer Avg. TP (ug/L)
N W u [+)]
s 8 & & 8

=
Q

[=]
o 4

e Pase  e—25% 503 e—7T5%

BT A A AVA\A.,-‘;A-A

\ -3
a <
5

A Y
_\j‘ = V'V“AV'A; -~ VYJL'{\‘VIA\IA ¥ d
\"d v b
_ il WWA_E%\Z/}?_‘"::: >

Target P conc.

5 10 15 20 25
Years after 2010

w 5 R

(=]

Cummulative Chl-a Conc. (ug/L)
o

1]

=

EPHYTL(BG) MW PHYT2 (Winter) m PHYT3 (Summer)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

e



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=vEz2E9B2OqGhiM&tbnid=WuBEpiC8gfa-DM:&ved=0CAUQjRw&url=http://sidedish.dmagazine.com/2013/03/14/what-to-drink-now-lucky-green-cocktails-for-st-patricks-day/&ei=DPpfUtzkNJW84AOwgoC4DA&bvm=bv.54176721,d.dmg&psig=AFQjCNGJhDG5QdEFZ9MmKz6YPLBkdWucAg&ust=1382107967465332

: AN
What have we accomplished? ‘&bicor

Winter Through Ice Sampling

Climate change in the Lake Champlain Basin, as reflected in
ice-over month by decade, 1816-2005
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Duration and extent of
ice cover is decreasing!

B Mo Freeze
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40% W Jan

B0% A
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Percentage of years in each
decade by freeze category
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How does ice cover affect lake biology, physics and
chemistry?




Conceptual Model: Basic Function of the System
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Conceptual Model: External Drivers and Climate Change

Fall Winter
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