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Background

@ The Intergovernmental Panel on Climate
Change (IPCC) concludes that the release of
greenhouse gases by humans is responsible
for much of the observed climate change
seen in the 20th and early 21st centuries.

@ Climate models predict that climate change
will continue into the 21st century because of
the additional release of greenhouse gases
by human activities.



Climate Change Impacts

@ Future changes in temperature and
precipitation will have profound effects on
many components of human systems.

@ Being able to forecast how human systems
will respond to climate change is important
for developing mitigation and adaptation
strategies.

® One human system that should be influenced
by warmer temperatures and changes in
precipitation is recreational alpine skiing.
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Our Research Work

@ Research on the effect of human caused climate
change on recreational skiing has mainly been
rudimentary.

@ The reason for this is the lack of good climate
data for analysis.

@ The research presented here uses statistically
downscaled climate data that is spatially
interpolated and adjusted for elevation to
determine the effect of global warming and
changes in precipitation on selected ski resorts
in western Canada.



Research Question

How will human caused climate change
influence ski resorts in western Canada?

We can test this question by examining
historical and future forecasted climate
data related to winter mean temperature,
winter snowfall, and ski season length.



ClimateBC/NA
Data for Analyzing the
Effects of Climate Change



ClimateBC/NA

@ ClimateBC/NA can create a virtual weather
station for any location in western Canada.

@ Generated data includes monthly precipitation,
monthly snowfall, monthly mean temperature,
annual precipitation, annual snowfall, annual
mean temperature, degree days < 0°C, etc.

@ Historical period covers 1901-2018.

@ Future climates in 2025, 2055, and 2085 as
generated by fifteen GCMs (IPCC ARDS).
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ClimateBC/NA Data
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Model Name Country of Origin

ACCESS1-0 Australia
CanESM?2 Canada
CCSM4 United States
CESM1-CAMS5 United States
CNRM-CM5 -rance
CSIRO-Mk3-6-0 Australia
GFDL-CM3 United States
GISS-E2R United States
HadGEM?2-ES Britain
NM-CM4 Russia
PSL-CM5A-MR -rance
MIROC-ESM Japan
MIROCS Japan
MPI-ESM-LR Germany
MRI-CGCM3 Japan




Time Period Carbon Dioxide, Methane | Nitrous Oxide
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Western Canada
Ski Resorts Studied




Future Climate Change - 12 Resorts Studied
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Future Climate Change - 12 Resorts Studied
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Latitude @ Longitude Mid-Elevation

Resort

(decimal) @ (decimal) WEIES)
A. Mt. Washington 49.7469 | -125.2992
B. Cypress 49.4009 | -123.1986 1124
C. Whistler 50.1038 -122.9136 1480
D. Sasquatch 49.3802 | -121.9356 1174
E. Sun Peaks 50.8934 | -119.8996 1639
F. Big White 49.7356 | -118.9508 1930
G. Revelstoke 50.9558 | -118.1299 1369
H. Whitewater 49.4396 -117.138 1728
|. Lake Louise 51.4476 -116.143 2142
J. Sunshine 51.0942 | -115.7636 2207
K. Fernie 49.4606 | -115.0936 1593
L. Castle Mt. 49.3128 -114.419 1842




Western Canada
Ski Resorts
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Winter Mean Temperature °C

Mt. Washington Ski Resort - Mid-Elevation 1336 m

Historic Winter Temperature 1901-2018
RCP8.5 Average of Climate Models
% Winter 2015
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Winter Snowfall (water equivalents mm)

Mt. Washington Ski Resort - Mid-Elevation 1336 m

1200-
1100-
1000-
900 -
800
700 -
600 -
500 -
400 -
300 -
200-

100-

Historic Winter Snowfall 1901-2018
RCP8.5 Average of Climate Models
8 Winter 2015

1 mm water = 1cm snow Winter = Total
of Dec/Jan / Feb

0

-1 1 - 1 1 1 1 T T T
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080

Year

2100




25 -

Mt Washington Ski Resort Elevation 1336 m

Mean Daily Temperature °C
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Winter Mean Temperature °C

Cypress Ski Resort - Mid-Elevation 1124 m

Historic Winter Temperature 1901-2018
RCP8.5 Average of Climate Models
8 Winter 2015
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Winter Snowfall (water equivalents m

Cypress Ski Resort - Mid-Elevation 1124 m
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1 mm water = 1cm snow
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Cypress Ski Resort Elevation 1124 m

Mean Daily Temperature °C
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Whistler Ski Resort - Mid-Elevation 1480 m

Historic Winter Temperature 1901-2018
RCP8.5 Average of Climate Models
% Winter 2015
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Winter Snowfall (water equivalents mm)

Whistler Ski Resort - Mid-Elevation 1480 m
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Whistler Ski Resort Elevation 1480 m
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Mean Daily Temperature °C
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Sasquatch Mt. Ski Resort - Mid-Elevation 1174 m
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Sasquatch Mt. Ski Resort - Mid-Elevation 1174 m
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Sasquatch Ski Resort Elevation 1174 m

Mean Daily Temperature °C
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Sun Peaks Ski Resort - Mid-Elevation 1639 m

Historic Winter Temperature 1901-2018
RCP8.5 Average of Climate Models
% Winter 2015
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Winter Snowfall (water equivalents mm)

Sun Peaks Ski Resort - Mid-Elevation 1639 m
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Mean Daily Temperature °C

Sun Peaks Ski Resort Elevation 1639 m
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Big White Ski Resort - Mid-Elevation 1930 m

Historic Winter Temperature 1901-2018
RCP8.5 Average of Climate Models
% Winter 2015
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Winter Snowfall (water equivalents mm)

Big White Ski Resort - Mid-Elevation 1930 m
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Mean Daily Temperature °C

Big White Ski Resort Elevation 1930 m
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Revelstoke Ski Resort - Mid-Elevation 1369 m

Historic Winter Temperature 1901-2018
RCP8.5 Average of Climate Models
% Winter 2015
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Winter Snowfall (water equivalents mm)

Revelstoke Ski Resort - Mid-Elevation 1369 m
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Mean Daily Temperature °C

Revelstoke Ski Resort Elevation 1369 m
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Whitewater Ski Resort - Mid-Elevation 1729 m
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Whitewater Ski Resort - Mid-Elevation 1729 m

Historic Winter Snowfall 1901-2018
RCP8.5 Average of Climate Models
¢ Winter 2015
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Mean Daily Temperature °C

Whitewater Ski Resort Elevation 1729 m
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Lake Louise Ski Resort - Mid-Elevation 2142 m

Historic Winter Temperature 1901-2018
RCP8.5 Average of Climate Models
% Winter 2015

Winter Mean Temperature °C
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Winter Snowfall (water equivalents mm)

Lake Louise Ski Resort - Mid-Elevation 2142 m

700
Historic Winter Snowfall 1901-2018
600 - RCP8.5 Average of Climate Models
7 % Winter 2015
500
400 - | | |
| | |
300
| —_—
200 -
| %
100- Winter = Total
] of Dec/Jan / Feb
1 mm water =1 cm snow
04—

-1 1~ 1 -~ "~ Tr- -~ 11T 1T 1 1
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100
Year



Mean Daily Temperature °C

Lake Louise Ski Resort Elevation 2142 m
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Winter Mean Temperature °C

Sunshine Ski Resort - Mid-Elevation 2207 m

Historic Winter Temperature 1901-2018
RCP8.5 Average of Climate Models
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Winter Snowfall (water equivalents mm)

Sunshine Ski Resort - Mid-Elevation 2207 m
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Mean Daily Temperature °C

Sunshine Ski Resort Elevation 2207 m
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Winter Mean Temperature °C

Fernie Ski Resort - Mid-Elevation 1593 m

Historic Winter Temperature 1901-2018
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Winter Snowfall (water equivalents mm)

Fernie Ski Resort - Mid-Elevation 1593 m
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Mean Daily Temperature °C

Fernie Ski Resort Elevation 1593 m

25
I ; 1971-2000 vs Day Number — Fit of RCP8.5 2085 vs Day Number
00 KL, . | = Fitof 1971-2000 vs Day Number - One Standard Deviation Error
RN * RCP8.5 2085 vs Day Number

-20 e TR AR CE rat ey [EET R T C TS VT ATy | T LT T R ST [HETTT TR T T IE T [FETT LT GO TT VATt [USHEES T T TIn TS [FTS T TR ST T TP E LT T TUE L [EETTE A LTS T T T
01-Sep 01-Oct 01-Nov 01-Dec 01-dan 01-Feb 01-Mar 01-Apr 01-May

Date

Ski Season Reduction 39%



Winter Mean Temperature °C

Castle Mtn Ski Resort - Mid-Elevation 1842 m
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Winter Snowfall (water equivalents mm)

Castle Mtn Ski Resort - Mid-Elevation 1842 m
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Mean Daily Temperature °C

Castle Mt Ski Resort Elevation 1842 m
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Ski Season Reduction 36%
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Ski Resorts
Analysis Summaries
RCP4.5 and RCP8.5
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Coastal Resorts - Winter Mean Temperature (°C)

Resort 1971-2000 RCP4.5 - 2085 RCP8.5 - 2085

Mt.
Washington

Cypress

Whistler

Sasquatch

+ 1 standard deviation from the 15 climate model results
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Interior Resorts - Winter Mean Temperature (°C)

Resort 1971-2000 RCP4.5- 2085 RCP8.5 - 2085

Sun Peaks

Big White

Revelstoke

Whitewater

Sunshine

Lake Louise

Fernie
Castle Mt

+ 1 standard deviation from the 15 climate model results



Take Aways - Winter Temperature

@ Coastal resorts are warmer than interior resorts.

® Winter season warming under best-case
scenario (RCP4.5) is about 2.3 to 3.1°C with the
greatest increase seen in the resorts located Iin
the central interior of British Columbia.

@ Winter season warming under worst-case
scenario (RCP8.5) is about 4.1 to 5.2°C
depending on the resort with the greatest
Increase seen In resorts located in the central
interior of British Columbia.
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Coastal Resorts - Winter Snowfall

(mm water equivalent)

Resort 1971-2000 RCP4.5 - 2085 RCP8.5 - 2085

Mt.

Washington 392 + /8

Cypress 448 223 + 58 117 = 46

Whistler 400 318 + 49 195 + 59

Sasquatch 848 485 + 115 261 = 99

+ 1 standard deviation from the 15 climate model results
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Interior Resorts - Winter Snowfall

(mm water equivalent)

Resort 1971-2000 RCP4.5- 2085 RCP8.5 - 2085

Sun Peaks

Big White

Revelstoke

Whitewater

Sunshine

Lake Louise

Fernie
Castle Mt

+ 1 standard deviation from the 15 climate model results



Take Aways - Winter Snowfall

@ More snow falls on the coast compared to the interior.

® Under best-case scenario (RCP4.5) snowfall will
increase by 1 to 31% at Fernie, Castle Mt., Sunshine
and Lake Louise. Snowfall decrease by 1 to 28% for
Sun Peaks, Big White, Revelstoke and Whitewater.
Coastal resorts will see a large decrease between 21

to 50%.

@ Under worst-case scenario (RCP8.5) snowfall will
decrease 52 to 74% for coastal resorts. Sunshine and
Lake Louise will see snowfall increase by about 15
and 29%, respectively. Decrease in snowfall of 26 to
38% for other interior resorts.



Ski Season Length (days)
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Coastal Resorts - Ski Season Length (days)

Resort 1971-2000 RCP4.5 - 2085 RCP8.5 - 2085

Mt.

Washington 65 (37,96)

Cypress 103 0 (0,40) 0

Whistler 161 108 (84,132) 53 (0,90)

Sasquatch 113 49 (0O, 76) 0

+ 1 standard deviation from the 15 climate model results



Ski Season Length (days)
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Interior Resorts - Ski Season Length (days)

Resort 1971-2000 RCP4.5- 2085 RCP8.5 - 2085

Sun Peaks 128 (113,143) | 99 (7/6,120)

Big White 185 140 (124,160) | 108 (82,138)
Revelstoke 151 113 (97,129) 83 (58,105)
Whitewater 165 123 (106,141) | 93 (68,118)

Sunshine 203 172 (156,187) | 147 (124,169)
Lake Louise 199 172 (158,186) 151 (132,171)

Fernie 151 118 (102,134) = 92 (69,114)

Castle Mt 164 131 (115,147) | 105 (83,127)

+ 1 standard deviation from the 15 climate model results




Take Aways - Ski Season Length

@ SKki season length generally increases inland
because of colder temperatures (continentality).

® Under best-case scenario (RCP4.5) ski season
will shrink by 27-45 days for interior resorts and

53-103 days for coastal resorts. Cypress no ski
season under RCP4.5.

@ Under worst-case scenario (RCP8.5) ski season
will shrink by 48-77 days for interior resorts and
103-136 days for coastal resorts. Cypress, Mt.
Washington, and Sasquatch will have no ski
season under RCP8.5.
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