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http://www.nasa.gov/topics/earth/features/2012-seaicemin.html

September 2012

 Warming of more than 1oC over the past century
 Year 2016 was the warmest on record

see: http://www.ncdc.noaa.gov/sotc/global/201612

From NASA web site at: http://data.giss.nasa.gov/gistemp/graphs/

Global warming is realGlobal temperature record
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Global climate trends

+1.17

+1.06

+0.95

Temperature Anomaly relative to 1881—1910 (°C)

http://www.climatecentral.org/gallery/graphics/the‐10‐hottest‐global‐years‐on‐record

10 HOTTEST YEARS ON RECORD (GLOBAL MEAN)
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Image from: Global Warming Art: http://www.globalwarmingart.com/wiki/Image:1000_Year_Temperature_Comparison_png 
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Global temperature record correlates 
with CO2 Emissions

CO2 Concentration Change

Pre‐industrial (1850): 
~270 ppmv

Present‐day (2018): 
~409 ppmv

(409 – 270)/270 = 0.515

~50% increase since 1850!
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Global temperature record correlates with 
average CO2 Concentration Increase

Data source: EPA (2016): Compilation of 10 underlying datasets.

Ice‐core records Modern measurements
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Most sunlight penetrates the atmosphere and 
warms the surface. Heated surfaces (ground, 
veg, water) reradiate at longer wavelengths.

Atmospheric GHGs (CO2, 
water vapour, methane) 
absorb some of the 
reradiated longwave. 
Increasing GHGs increases 
the absorption – the Earth 
gets warmer on average. 
This increase is called the 
Radiative Forcing.

The Greenhouse Effect 
makes Earth habitable!).
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http://www.climatechange2013.org/images/uploads/WGIAR5_WGI‐12Doc2b_FinalDraft_All.pdf 

For the IPCC’s Fifth 
Assessment Report (AR5)
a new set of “radiative forcing” 
scenarios were developed. 
These “RCP” scenarios super‐
sede the “SRES” scenarios 
used in the Third and Fourth
Assessments. This Figure
1.15 appears in the AR5 
WG1 report to compare 
the SRES and RCP scenarios. 

IPCC radiative forcing (RF) scenarios

RCP 8.5

RCP 2.6

SRES A2

Current trajectory 
is above this line!
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Some effects of climate warming 
(already seen to be happening)

Permafrost zones

Continuous (>90%)

Extensive (50-90%)

Sporadic (10-50%)

Isolated (<10%)

None

From National Atlas of Canada
http://atlas.gc.ca/site/english/maps/ 
environment/land/permafrost

Thawing of permafrost
• mainly northern boreal forest & Arctic
• profound changes to ecosystems
• poses problems for existing infrastructure

Glacier melting
• implications for water supply to the prairies

Shorter winter period of frozen ground
• poses major challenges for winter access
to forested land base & remote communities

Slide from: Ted Hogg, CFS-NoFC
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Climate Change in Ontario
(Projected Change in Mean Annual Temperature; Composite GCM)

RCP 2.6 (low) RCP 4.5 
(medium) 

RCP 8.5 
(high)
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Climate Change in Ontario
(Projected Change in Winter Temperature; Composite GCM)

RCP 2.6 (low) RCP 4.5 
(medium) 

RCP 8.5 
(high)
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Climate Change in Ontario
(Projected Change in Annual Precipitation; Composite GCM)

RCP 2.6 (low) RCP 4.5 (medium) RCP 8.5 (high)
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Why Is Future Climate Uncertain?

Emissions
(IPCC 

scenarios)

Climate 
change

Biophysical 
impacts

Socioecono
mic impacts

The climate models make projections, not predictions

20
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Forest dieback in Alberta and Saskatchewan

 Severe aspen mortality in the parkland 
(resembling fire in some areas!)

 Other species also affected 
(white spruce, jack pine, urban trees)

Severe aspen mortality following drought
near North Battleford, Saskatchewan
(Photo by M. Michaelian, August 2004)

Drought-damaged aspen foliage

Drought-induced mortality of white spruce, 
Battle River valley near Alliance, Alberta 
(Photo by Ted Hogg, July 2004)

Major cause: Prolonged drought
(1998 and 2001-2003)

Slide from: Ted Hogg, CFS-NoFC
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Fire and climate effects on conifers
 Expected increases in fire occurrence 

(annual area burned)
 Will conifers be able to regenerate naturally

under a drier future climate?

Conversion of jack pine forest to grassland
following fire near Prince Albert, SK
(Hyde & Smith 1996, SERM report)

Conversion of mature white spruce forest
to prairie-like vegetation 45 years after
the Takhini burn near Whitehorse, YT

Slide from: Ted Hogg, CFS-NoFC
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Future climate effects on fire occurrence

Predicted changes in fire 
under doubling of CO2

From Flannigan et al.,
Canadian Forest Service

From Amiro et al., 2001
Canadian Forest Service
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East of Fort McMurray, AB. 26 June 2008 

From overview flight for remote sensing research by Ron Hall et al., CFS & CCRS
(photos by Eric Arsenault & Mike Michaelian, CFS Northern Forestry Centre)

#1709 #1830

Spruce Budworm (SBW) Forest Tent Caterpillar (FTC)
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Spread of Mountain Pine Beetle 1910-2016

Found north
of 60° for the
first time in
2012!
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The cumulative effects of disturbances and 
other changes to the forest will be complex 
 Pests, such as mountain pine beetle, and drought may leave trees more 

susceptible to fire: could lead to annual area burned doubling by 2100.
 Projected changes to forest productivity and tree species composition will 

add to cumulative effects on forests. 

Drought Fire

Mountain 
pine beetle  Gypsy

moth
Spruce 
budworm

Short‐term impact projections (2011‐2040)
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• Ontario has been getting warmer and wetter over the past century

• These trends are expected to continue in the future

• Warmness expected to outpace wetness = drier in the future

• These changes will have big implications for forests, including susceptibility to MPB

Summary
- Climate and Climate Change in Ontario -
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Can-IBIS Run #309: Dominant vegetation types

Tropical evergreen broadleaf forest
Tropical deciduous broadleaf forest
W-temperate evergreen broadleaf forest
Temperate evergreen conifer forest
Temperate deciduous forest woodland
Boreal evergreen forest
Boreal deciduous forest
Boreal larch forest
Temperate/tropical savanna
C4-dominated grassland/prairie
Dense cool-evergreen shrubland
Open cool-evergreen shrubland
Tundra
Desert
Polar desert / rock / ice
Grassland/boreal forest transition
Temperate mixedwood 
Boreal mixedwood
Conifer-grassland “savanna”
Barren ground
Dense dry-deciduous shrubland
Open  dry-deciduous shrubland
C3-dominated grassland/steppe
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Can-IBIS Run #309: Dominant vegetation types (CGCM2-A2)

Tropical evergreen broadleaf forest
Tropical deciduous broadleaf forest
W-temperate evergreen broadleaf forest
Temperate evergreen conifer forest
Temperate deciduous forest woodland
Boreal evergreen forest
Boreal deciduous forest
Boreal larch forest
Temperate/tropical savanna
C4-dominated grassland/prairie
Dense cool-evergreen shrubland
Open cool-evergreen shrubland
Tundra
Desert
Polar desert / rock / ice
Grassland/boreal forest transition
Temperate mixedwood 
Boreal mixedwood
Conifer-grassland “savanna”
Barren ground
Dense dry-deciduous shrubland
Open  dry-deciduous shrubland
C3-dominated grassland/steppe
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North American Protected Areas

https://adaptwest.databasin.org/pages/climate‐displacement‐protected‐areas
Batilori et al. 2017, Global Change Biology; Parisien et al. 2018 (W.I.P.)

Wabakimi Provincial Park
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North American Protected Areas

https://adaptwest.databasin.org/pages/climate‐displacement‐protected‐areas
Batilori et al. 2017, Global Change Biology; Parisien et al. 2018 (W.I.P.)

Wabakimi Provincial Park



© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

Can Canada’s forests adapt to a changing climate, and how?

Questions?



© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

Can Canada’s forests adapt to a changing climate, and how?

Topic Chooser 
Is global climate changing?

Are humans causing climate change?

How will Canada (Ontario) be affected?

What are effects on forests?

How can forest communities adapt?

(Return to Topic Chooser Home)



© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

http://www.gov.mb.ca/conservation/climate/climate_effect.html

Your Community?
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Coming Soon! 
Written by 
Cindy Pearce

Publically available
from CFS late‐2018?

Contact us for a 
test‐drive!!
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Adaptation Trail Map
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Community Resource Collection
(publications, websites, tools, data)
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Community Resource Collection
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Community Adaptation Process Example
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