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Motivation

Snow Is a critical component of Great Lakes hydrology

Literature in snow hydrologic changes for ralpine settings
lacking
Snow studies In noalpine, nonarctic settings generally too big or

too small

Continental or country scale settings too coarse for regional/local
Interpretations

Studies at local/regional scales focused on one aspect of hydrologic cy
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Significance
Changes to melt amounts and timing could affect:

Ecosystems

Spring a critical spawning time for many freshwater fish spespasvning sensitive to
temperature and flow changes

Infrastructure
Shifts in flooding from spring to winter could have management implications
Great Lakes one of the largest fresh water reservoirs on the planet

Economies
Snow tourism spending



Dissertation Objectives

ldentify winters warmer and cooler than the norm

Quantify changes to snow melt
Timing
Amount
Frequency of coverage

Quantify hydrologic changes

Surface water flow amounts and timing
Shallow groundwater recharge amounts



Approach

1. Lay the Foundation
ASmall temporal and spatial scales
AEstablish methodology

2. Expand the temporal and spatial scale
AlLarger areas lead to better interpretation
ALonger temporal scales establish changes to climate

3. Fill in the data gaps through simulation
AEmpirical groundwater data not as available as surface processes

4. Examine reaworld consequences

AMakes the data tangible, leading to more informed public and decision
makers




Ch. 1: Laying the Foundation
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Multimetric Analysis
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Multimetric Analysis
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Multimetric Analysis
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Multimetric Analysis
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Annual
Multimetric

Scores

Multimetric analysis resulted in 4 warr
winters and 5 cool

Some winters are uniformly warm/coo
across all basins
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Warmer winters in all regions have decreased
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Melt event defined as periods of
consecutive days with melt
generated from snowpack
A Complete melts are melt
events that end with no
remaining snowpack

More melt in the north regardless of
winter type, but more melt events
In the south



Basin yield defined as stream
discharge/basin area
A Vertical lines represent center of
discharge volume (CDV) for Oct
May (gray box), or the day when
pE: 2F OUKF G LISNH
occurred

Warm years have earlier and reduced
peak flows, especially in the northern
two regions

Warm years also have earlier CDV for
sSnow period

Median Basin Yield (mam)

3.0t

2.0+

1.0+

a) UP

" ¢) SLP

B Warm winters
I Cool winters

oMo

0

100 200 300
Day of Water Year




Estimate monthly net recharge to SLP NLP upP

shallow groundwater using the 3 E 00|
water balance equation: £8 sof
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storage (i.e., net recharge) g5
P: Rain S8
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Q: stream discharge expressedas nNboJrma
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Ch. 2: Expanding Scals

October 1959; May 2019
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Mean Annual Snow (cm) Tried to capture all nomlpine areas in US with quantifiable

- SNOW amounts
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Mean = 3.94 years

Mean = 3.96 years

Number of Warm Winters




Metric Mean
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Mean Metric

Annual Multimetric Score Temporal Trends

Decade Average - = Trendline
= Cool Winter Threshold < Seasonal Metric Mean
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The increasingly

warmer winters

correlates with

less snow on the

ground

A Thereis a

northward
shift of
Increasing
bare
ground
days (blue
line)

HUC-4 Decadal Median Bare Ground Days
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HUC-4 Bare Ground Days Temporal Trends

Bare Ground Days
per Season Slope
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Almost all basins show increasing trend of bare ground days per season, with
two basins showing decreasing trend for entirey&ar period



HUC-2 Median Daily Show Depth in Warm and Cool Winters
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In all but the southernmost basins snow depth is lower in warm winters for the
entire snow season
A Bulk snowpack melts earlier



HUC-2 Median Daily Basin Yield in Warm and Cool Winter Years
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Ch. 3: Filling in the Gaps

Previous chapter showed warmer winters becoming warmer and mc
frequent
ALeads to thinner snowpacks which melt earlier and more frequently
AHigher winter streamflow, reduced spring flow, earlier and reduced peak f

AWith larger temporal and spatial scales can link to anthropogenic climate
change more confidently

But left one unexamined component of the hydrologic cycle:
groundwater



Landscape Hydrology Model (LHM
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Ch. 4: Reaworld Consequences

Previous chapters have shown the hydrologic consequences for changing sr
warmer winters, but what about the human impact?

For scientific data to be meaningful to policy makers, tied results to somethin
UKFGO KAGa Oft2aS 02 K2YSX
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economy



The Midwest Ski Destination

40 ski areas located within Michigan, the most of any state in the Midwest (S
et al., 2021)

In 20042005, MI had second highest number of ski slopes in the country (Sf
al., 2009)

IN2009H nmMn s alAAy3d | yR

a 5021 NRAY 3 |
along with 10,889 associated joldurakowskand

YV 2 @

Magnusso 2012)
Outdoor rec and tourism is third largest industry in MI, behind only auto
manufacturing and ag) (Shih et al., 2009)

A Skiing the most popular winter rec activity



An Industry Under Threat

716% of Great Lakes ski slopes considered economically viable (Scott et al, 2021)
Under high emissions scenarios decreases&%/by 2100

Under high emissions, holiday period ski days reduced by up to 66%, with a >50%
decrease in snow depths during those weeks (Chin et al., 2018)

& HANynQasX RlIéda 6AUK AdzZFFAOASYU ayz2é
up to a month shorter, with < 1 month per year with suitable temperatures for
snowmaking (Chin et al., 2018)

Under high emissions, by 2100 snowmaking requirements increase 516% and stat
skiable terrane reduced by twice as much compared to low emissions scenarios (S

et al., 2021)



21 HUGB basins containing active ski
areas

Study period from 20032020

Analyzed snow depth in warm/cool
winters for those basins

GHCN temperature data in those basin
utilized to quantify snowmaking days

Visitor totals from National Ski Areas
Association

Additional data for Shanty Creek
Resorts from 201-2021 provide by CEC
Pete Bigford



