.
And there’s more where this came from !
........ Muskoka’s climate in 2050

David Pearson
Laurentian University / Science North
and the

Ontario Panel on Climate Adaptation
24 April 2008
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GEOTHERMAL ENERGY
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Under-ice lakes
In Antarctica —
might they have
existed under
the Laurentian
Ice sheet ?
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Post-glacial
drainage
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Marine Record Land Record
Traditional
Glaciations Interglaciations “glaciations”
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Oxygen isotope values
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2001
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450,000 year record of CO2 and temp In an
Antarctic ice core (Vostok)

First rise in temp comes before CO2 increase until
release of ocean CO2 drives warming about 800 yrs later

Inter g I acC | al — Temperature in degrees centigrade (compared with 1960-1990 baseligjter glacial

warmin g ——Atmospheric carbon dioxide (CO2 in parts per million) warming
warm
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2. Loss of
polar snow

3. Release of
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Atlantic Ocean current system

* deep currents take 500 yrs to travel the length of the ocean

e cold deep water loses dissolved CO2 at warm ocean surface

Heat input
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40°S 20°S Latitude 20°N 40°N
Hegerl, G.C. and Bindoff, N.L. 2005. Science 309: 245-255




Climate responds to the pattern of

oceans and contments

/0 million years ago

« Efficient tropical ocean circulation
distributed heat to polar oceans

* No circum-Antarctic circulation
therefore no global refrigerator

e Earth 9-12°C warmer

« Deep ocean 15 - 20° C warmer and
much less effective sink for CO,
therefore more in atmosphere

« Sealevel much higher than today

« No ice at poles

e Dinosaur fossils found within 15
degrees of the South Pole at the
time

45 million years ago

e Redwood forests in the Arctic




- Efficient equatorial currents deliver energy
mill yr .
66 yrs ago A e [0 POlar North Atlantic

.

.yﬁﬁedto
Antarctica

Ancient Landmass «®
Moderm Landmass <2

Global
geography In
the geological
past
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the past 140 years (global) temperature

CO2 warming
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21%
Reflected
from clouds

67% Heat

Absorbed by air,
land and water and
converted to heat

Water vapor

5%
Reflected
from dust

6%

Reflected from
water, soil, air,
vegetation

1-2%
Absorbed
by plants

b e

Chiras, 2001



Communicating the science ....

Ontario Is already warmer than in the 1960s

Linear Trend of Mean
Annual Temperature 1948-2000 warmer

- Olirmate: Neacarch Branch Dircetion dela rechorzhe eBmatol ogique




Departures in temperature in °C (from the 1990 value)

Observations, Northem Hemisphere, proxy data ineciobal | Projections  Several models
observations 2ll SRES envelope
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Average Average Summer Temperature Siszicr::::*osetween 1971-2000 and 2041-
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Lengrlemmilemperature Changes

AVErage lemperature - using the Canadian model =
doublerCO2 hy 2060
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FROST FREE PERIOD
AND AIR MASSES
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Lake effect
snow =
evaporation
from open
water

Longer open

water season =
more
evaporation

More
evaporation =
potentially
lower lake
level

B E
- NASA Nov 2000
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PRECIPITATION AND
SNOWBELT AREAS

700 MEAN ANNUAL
PRECIPITATION IN mm
1300 1000
1200 900
1100 800
800 1000 700
600

800

MAJOR
SNOWBELTS
WITH RANGE

OF MEAN ANNUAL
SNOWFALLIN cm

Snowbelts are
defined as areas
of local snowfall
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cm in
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200 78.7 . . ]
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Great Lakes Water System Hudson Bay
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Warmer Winters = more
Winter rain, less snow

* Less and gradual Spring
run-off = less effective
flushing of phosphorus
released into bottom
water in winter = more
algal growth in nutrient
rich water

(Similar effect may occur
In bays of Great Lakes
when water level drops
and less water is available

to dilute incoming nutrients Simon Lake July 2007
from lawns and field beds)



E
g
2
L
'

« Turnover in the Fall mixes
oxygen through the water
column

= Lake depth (m)

B
s

-« Warm surface water traps cold
bottom water = lake trout habitat

CC causing this to happen earlier
and surface water becomes warmer

* bottom water loses oxygen as
decay of organic matter occurs
Possibly affecting lake trout health



Chris Morey
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John Gunn and Ed Snucins

S e,



—h
o

E
8
3
2
3
i

=+ Lake depth (m)
o

Pt

=
]
i

[ High 0, cone.
[] Medium O, conc.
[] Low O, cone.

- Under ice cover lake divides * Spring turnover occurs when
into layers with dense 4° C surface water warms to 4°C

water at the bottom.

* Dissolved oxygen is mixed into
- Rotting organic matter consumes  the lake replenishing the winter

oxygen in the bottom water loss.

« Phosphorus is released from . nutrie_nts like phos_phorus_ are
organic matter into the oxygen-poor  mixed into the lake increasing
bottom water biological activity

If climate change shortens the winter season will that reduce the
cycling of nutrients back to the lake from the sediment ?
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Departures in temperature in °C (from the 1990 value)

Observations, Northem Hemisphere, proxy data ineciobal | Projections  Several models
observations 2ll SRES envelope
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Thank you !



Future climate scenarios — GoGreenOntario site

Climate/Changein On'lag"o' h

Climate Change in Ontario - Map Browser

VWelcome to the Climate Change In Ontano map g enes
browser. To view the climate change maps, follow m mﬁlQ

the steps descnbed below. O <% Present Chmate

Step 1
Chocse between viewng Present Climate or
Future Climate maps.

A e aie 1elect yirr WD perspectee

A1 M08 1L pOF MAD PetiDaDen Trar &

Step 2
Select the desired map detalls. For present climate
maps, you must select a Climate Value, Map
Type anc Location; for future cimate maps, you

must also select the Time Period anc
Greenhouse Gas Scenario.

Step 3
Click on the View Map button to display the map.
For more information about Climate Change in
Ontario, click on the About button (¥ %).




Average Summer
Temp 1971 - 2000

Baseline for
“Future Climate”
scenarios

{ClimateChange!in Ontario}

Average Summer Temperature* 1971-2000
in Ontario.
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WINTER TEMPERATURES
AND ICE CONDITIONS

MEAN DAILY
AIR TEMPERATURE
FOR JANUARY IN °C
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Projected Summer Precipitation Change Between 1975-1995 and 2080-2100

Combined Effects of Projected Greenhouse Gas and Sulphate Aerosol Increases - Canadian Model

Precip. % Change
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Combined Effects of Projected Greenhouse Gas and Sulphate Aerosol Increases - Canadian Model

Precip. % Change
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MEAN WATER
TEMPERATURE
FOR JULY IN °C

20
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Selected isotherms
only are shown for
each lake
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TEMPERATURES
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AIR TEMPERATURE
FOR JULY IN °C

17.5
15
12.5
10
7.5




The future of GL water levels depends on how much increase In
precipitation occurs and whether it balances increased
evaporation because of higher temperatures and less ice cover

Lake Michigan—Huran Water Levels in Meters (IGLD2S)
T T I T T T I T T T I T T T I T T T I T T T

The Canadian
model shows
A decline of
1.38m by 2090
But the Hadley
(UK) model
Shows an
Increase of
0.35m

=

e \/\/ﬂ

Annually Averaged Water Levels
LDng—Tenn Mean Lewvel

1920- 1 940
Years

NOAA GLERL




Future climate
suggests an
Increase in the
ice free period
for Lake Ramsey
of
9 days - 2020

17 days - 2050 ———

29 days - 2080 -

(Bill Keller 2007) -

29 December ‘06



JLOGICAL CYCLE

If evaporation from Lake
Ramsey is roughly 30 to 50%
of the rate of Lake Huron
that would amount to '
an average of 6 to 8mm per day *=- it’
(approximately equivalent to
3 or 4 Olympic size Aake H“"’"

I"Q-"

Swimming pools a day) R

Stream and river flows into Lake Huron
from the surrounding watershed
total 1,400 cubic metres a second.

Precipitation onto the lake totals
1,500 cubic metres a second.

Evaporation from the lake surface
totals 1,200 cubic metres a second
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http://www.sprol.com/?p=355

Departures in temperature in °C (from the 1990 value)

Observations, Northem Hemisphere, proxy data ineciobal | Projections  Several models
observations 2ll SRES envelope
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Note especially
“Implications of climate warming for Boreal Shield lakes: a review and
By Bill Keller in “Environmental Review”, vol 15, 2007
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http://www.sudburyaviation.on.ca/_photogallery/aerial-lake-005b.jpg
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Location and community context ...




Extreme Temperature Range

SUDBURY A (6068150) 2040-2069 (Univ of Victoria —
Climate Change
Scenarios - on line)

Pc')tential 4b degreé heat we{ve

- 1951-1950 Max Temp Extreme
© o 1951-1990 My Temp Extreme
Bl Scearke N Temp Edremes
Bl Scearke M Temp Extreme

small yellow dots in range
are actual values within
range from all experiments

Summer in 2050
Hot July / August days
3 weeks potential over
40 C

Winter in 2050

é Coldest Jan days -30 C

Morth (1-Jawearny ... 12-Decembe )




Average Summer
Temp 1971 - 2000

Baseline for
“Future Climate”
scenarios

{ClimateChange!in Ontario}

Average Summer Temperature* 1971-2000
in Ontario.
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Communicating the science ....

Ontario Is already warmer than in the 1960s

Linear Trend of Mean
Annual Temperature 1948-2000 warmer
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Expert Panel on Climate Change Adaptation

Members
* Chief John Beaucage, Anishinabek First Nation

Alain Bourque, Consortium on Regional
Climatology and Adaptation to Climate
Change (OURANOQOS)

Dr. Quentin Chiotti, Pollution Probe, Director,
Climate Change Program

Dr. Judith Guernsey, Community Health and
Epidemiology, Dalhousie University

David Lapp, Engineers Canada
« Eva Ligetti, Exec Director, Clean Air Partnership



Expert Panel on Climate Change Adaptation

« Dr. Gord McBean, FRS, Policy Chalr, Institute for
Catastrophic Loss Reduction, Univ W.Ontario

« Jo-Ellen Parry, International Institute for
Sustainable Development, Winnipeg

« Dr. Barry Smit, Prof., Canada Research Chair in
Global Environmental Change

Co-Chairs:

 Dr. lan Burton, Prof. Emeritus, Env. Studies,
Univ. of Toronto

 Dr. David Pearson, Prof. Earth Sciences, and
Science Communication, Laurentian Univ.



Mandate

To provide advice to government

e concerning issues related to climate change
Impacts and adaptation such as

- actions, plans and best practices
- adaptation policies
- research needs

and to

* respond to requests for advice on impact and
adaptation topics or issues as reguested -
utilizing external expertise when required



Ontario Centre for Climate Impacts and
Adaptation Resources
(at Laurentian University)

To promote and deliver resources and
outreach activities related to climate change
Impacts and adaptation in Ontario through:

« workshops for communities and stakeholders

* an adaptation “toolkit” for municipalities to
mainstream adaptation to climate change into
everyday decision making processes

e communicating the science of climate change,
and potential impacts and adaptation issues



Ontario Centre for Climate Impacts and
Adaptation Resources

developing adaptation resource materials related
to impacts on communities and stakeholders

maintaining a climate change “knowledge” and
stakeholder network

maintaining a bibliographic database

maintaining a website of impacts and adaptation
iInformation, links etc

promoting regional climate modeling



