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CO2 levels are increasing
in the earth’s atmosphere

https://www.theguardian.com/environment/
2016/sep/28/the-world-passes-400ppmcarbon-dioxide-threshold-permanently

http://scrippsco2.ucsd.edu/graphics_gallery/mauna_loa_record/mauna_loa_record_color
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The earth’s climate is warming

September 2012

By NASA Goddard Institute for Space Studies
http://data.giss.nasa.gov/gistemp/graphs/

https://www.ncdc.noaa.gov/sotc/global/201613

▪ Global temperature increase of more than 1oC over the past century
▪ Year 2016 was the warmest on record
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Especially in northern continental areas
Canadian temperature trends - 1948 to 2012

https://www.canada.ca/en/environment-climate-change/services/climate-change/science.html
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Some direct impacts of climatic warming
(already happening)

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

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
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GCM projections of future climate change
(2011-2100)
Many different GCM versions and modelling groups

e.g., CGCM3 – Canada; MIROC – Japan; Hadley – UK; GISS - US

Uncertain future re: CO2 emission scenarios
All the models agree that warming will continue
both globally and across Canada

Most of the models predict future drying in our region
but a few predict wetter conditions

Future
is drier

http://www.geos.ed.ac.uk/geography/IPCC.gif
for further information see www.ipcc.ch/
(Intergovernmental Panel on Climate Change)

Future
is wetter

Alternative model projections of changes in the Climate Moisture Index (2011-2011)
Wang et al. (2014 Forestry Chronicle)
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Projected northward movement of prairie-like climates

Future climatic drying could affect all aspects of ecosystem functioning!

8

Drought-induced forest decline:
An emerging global concern

9

Uncertainty about climate change
impacts on northern forests
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Uncertainty about climate change
impacts on northern forests
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Collaborative projects
•

Climate Impacts on Productivity & Health of Aspen (CIPHA)
Collaboration with Alberta Agriculture & Forestry; Sask. Environment

•

Alberta white spruce tree-ring study
Collaboration with Alberta Agriculture & Forestry

•

National Forest Inventory (NFI)
Federal – provincial/territorial partnership

•

Arctic-Boreal Vulnerability Experiment (ABoVE)
NASA-led project with Canadian collaborators

•

High Elevation & Latitude Climate Change Impacts & Adaptation (HELCIA)
Proposed new collaborative initiative under the NRCan-CFS Forest Change program
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Trembling Aspen

Populus tremuloides
(Locally known as “White poplar”)
• The most widespread tree species in North America
• ~2000 MT of aspen biomass in the Canadian boreal forest
• Important ecologically, commercially, & for carbon uptake
• Primary native tree in the parkland zone in western Canada

Populus tremuloides
distribution

Aspen-spruce mixedwood
Cypress Hills, Alberta

Aspen at high elevation
in Colorado
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Aspen dieback in western Canada
Local dieback events prompted public & industry concerns in the early 1990s
Early studies showed that drought was a major causal factor
• Hogg & Schwarz 1999: study funded by Mistik Management, Meadow Lake, SK
• Hogg et al. 2002: study funded by Weyerhaeuser Canada, Grande Prairie, AB

Raised questions about potential impacts of climate change
• Significant warming trend (up to 2°C during the 20th century)
• 1998 was a record-warm year with widespread drought

1998

Aspen dieback & decline in Alberta & Saskatchewan, 1990s
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Potential climate change impacts on aspen

?

Boreal aspen forest
(moist climate)

Aspen parkland
(dry climate)

CIPHA study

Climate Impacts on Productivity & Health of Aspen
• Established in 2000 & continuing with provincial partnerships
Alberta Agriculture & Forestry (AF), Sask. Environment
• Monitoring of tree health across a plot network in pure aspen stands
including dieback, mortality, defoliation, insects & diseases
• Changes in aspen biomass (T ha-1) are estimated using tree measurements,
tree-rings, and biomass equations (Lambert et al. 2005)

BERMS

Aspen
tree-rings

20 m

25-30 trees
per plot

2 plots per stand

3 stands per site

CIPHA study region
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Tree-ring analysis of aspen
1978

1995

“White” tree rings formed during
defoliation by forest tent caterpillar
Hogg et al. 2002, CJFR

Tree-ring
sampling

Forest tent caterpillar
(Malacosoma disstria)

Aspen defoliation by
forest tent caterpillar
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Climate Moisture Index (CMI)
A simple index for assessing moisture variation and drought severity

CMI = P − PET

P PET

(units in cm/year)

P is mean annual precipitation
includes water input as both rain and snow

PET is annual potential evapotranspiration
loss of water vapour from a well-vegetated landscape,
estimated from monthly temperature (mean daily max and min)

For details see: Hogg (1997) Agric. For. Meteorol. 84: 115-122
Hogg et al. (2013) Agric. For. Meteorol. 178/179: 173-192

runoff
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CIPHA study results
• Tree-ring analysis showed dramatic oscillations in
aspen growth at the regional scale
• Major factors leading to
growth collapses:

Insect defoliation (D)

Aspen growth index (A’)

Drought (CMI)

Aspen growth variation
Severe drought years

Severe defoliation years

Regression equation: A’ = 1.169 + 0.0111 CMI + 0.0099 CMI-1
+ 0.0071 CMI-2 + 0.0058 CMI-3 + 0.0055 CMI-4 – 0.0119 D, r2 =0.697

CIPHA sites included in analysis

From Hogg et al. 2005. CJFR
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The exceptional drought of 2001-2002
long-term
mean CMI

• Worst drought in >80 years across large areas
of Alberta & Saskatchewan

Climate Moisture Index (CMI) in drought survey area
for 12-month periods ending 31 July of each given year

Dry

CMI Moist
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Drought
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CIPHA study results
Impacts of the 2001-2002 drought
•

30% decrease in regional aspen growth

•

Massive dieback & mortality in most severely drought-affected parkland

Hogg et al. (2005, 2008; Can J For Res)

Michaelian et al. (2011; GCB), Worrall et al. (2013, For Ecol Manage), Hogg & Michaelian (2015; GCB)

•

Other tree species also affected (birch, urban forests & shelterbelts)

•

Drought impacts were assessed annually in CIPHA plot network

2001-2002
CMI

Severe
dieback
area
DRY

MOIST

-60 -30 0 +30 +60 +90
Climate Moisture Index (CMI)

Severe mortality in the parkland
(August 2004)

Drought-affected aspen
stand (May 2003)
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CIPHA study results
Impacts of the 2001-2002 drought
• Aspen mortality increased and has remained higher than normal
• Generally higher mortality in the drier parkland zone
• Recent observations show a sharp mortality increase in the parkland
• Drought impacts were likely amplified by insect & disease damage
Mortality losses of aspen biomass in CIPHA plots
across western Canada
2001-02
Drought

Long-term
mortality
from PSPs
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Aspen mortality: contributing factors

Wood boring
insects

Cankers

Drought

Insect defoliators & leaf miners

Stressed
trees

Armillaria root rot

Mortality
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CIPHA study results
Changes in aspen biomass following the 2001-2002 drought

CIPHA sites

Boreal sites

Boreal
Parkland

Parkland sites

• Boreal sites: greatly reduced biomass increment after the drought
• Parkland sites: negative biomass increment
(mortality losses exceeded growth gains)
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CIPHA study results
Dunvegan, Alberta
Extreme aspen mortality (61%)
during 2012–2106

Percent mortality of aspen biomass in CIPHA plots
2012-2016

Photo by Ted Hogg, CFS
DVG CIPHA site, July 2017
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CIPHA study results
Dunvegan sites, Alberta

Photo by Devin Letourneau, AAF
Aspen decline near DVG CIPHA site, July 2017

Photos by Ted Hogg, CFS
DVG CIPHA site, July 2017
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An emerging concern:
Prolonged & repeated drought
in Alberta’s forests
Estimated using the Climate Moisture Index (CMI)
CMI = annual precipitation minus potential evapotranspiration
(Hogg, Barr & Black, 2013, Agric. For. Meteorol.)

CMI 1991-2000

CMI 2001-2010

CMI interpolations using the BioSIM program

Trends in the Climate Moisture Index (CMI) for
for Alberta’s managed forests (from BioSIM)

Change in CMI
1990s to 2000s
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White spruce (Picea glauca)
• Important boreal tree, both ecologically and commercially
• Commonly grows with aspen in mixedwood stands
• Less prone to dieback and mortality following drought
but concerns about drought impacts on productivity

• Prompted this tree-ring study on recent changes in white spruce growth
(Collaboration between CFS & Alberta AF)

https://esp.cr.usgs.gov/data/little/piceglau.pdf
Map from: Little, E.L., Jr., 1971, Atlas of United States trees, volume 1,
conifers and important hardwoods: U.S. Department of Agriculture
Miscellaneous Publication 1146, 9 p., 200 maps.
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White spruce tree-ring study: Objectives
• Reconstruct recent changes in growth of aboveground biomass (GBM)
in pure white spruce stands using tree-ring analysis
• Examine role of climatic drying as a cause
of growth decline at the decadal scale
1991-2000 to 2001-2010
• Compare the magnitude of growth decline
in younger vs. older stands

Increment core from Cynthia (CYN) Stand 5 Tree 3
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White spruce tree-ring study: Methods
• Increment cores collected from 75 pure white spruce stands in 23 study areas
2 radii per tree at 1.3-m height
• Sampled 5 or more co-dominant trees per stand
total of 400 trees
• Ring width measurements used to reconstruct
annual dbh of each tree
• Growth in aboveground biomass (GBM) estimated
from annual dbh using biomass equations
(Lambert et al. 2005)

Increment core from Cynthia (CYN) Stand 5 Tree 3

30

White spruce study results
Change in white spruce growth (GBM) from the 1990s to 2000s
• Average decadal decrease of 16%
• Growth decreased in 57 of the 75 stands

Drought-induced decline of white spruce
STO site near Edmonton (2010)
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White spruce study results
Change in white spruce growth (GBM) from the 1990s to 2000s
• Average decadal decrease of 16%
• Growth decreased in 57 of the 75 stands
• Percent growth decrease was greatest
in areas with strong drying trends

Change in the CMI from the 1990s to the 2000s
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White spruce study results
Analysis of stand age effects
Comparison of growth (GBM) responses between the youngest & oldest stands
in each of 10 Alberta study areas sampled in 2015

Mean tree age in 2015
Youngest stands
Oldest stands

79 yr

(51-134 yr)

162 yr (105-289 yr)
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White spruce study results
Analysis of stand age effects
Comparison of growth (GBM) responses between the youngest & oldest stands
in each of 10 Alberta study areas sampled in 2015
• Strong drying trend since late 1990s
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White spruce study results
Analysis of stand age effects
Comparison of growth (GBM) responses between the youngest & oldest stands
in each of 10 Alberta study areas sampled in 2015
• Strong drying trend since late 1990s
• 38% growth decrease 1997-2015
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White spruce study results
Analysis of stand age effects
Comparison of growth (GBM) responses between the youngest & oldest stands
in each of 10 Alberta study areas sampled in 2015
• Strong drying trend since late 1990s
• 38% growth decrease 1997-2015
Young versus old stands:
• No significant difference
in % decrease in growth
• However, absolute decrease
was greater in young stands
For more details see:
Hogg, Michaelian, Hook & Undershultz (2017, Global Change Biology)
“Recent climatic drying leads to age-independent growth reductions of white spruce stands in western Canada”
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Browning of spruce – aspen mixedwood near
Fort McMurray during a simultaneous outbreak
of spruce budworm & forest tent caterpillar
(June 2008)

Urban forest decline, Edmonton (2011)

Spruce budworm defoliation of white spruce
near Inuvik, NWT (Photo by Roger Brett, 2015)

Multi-species forest decline
Waterton National Park (2010)
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Conclusions
• Recent droughts are having a major and long-lasting impact on aspen and
white spruce forests across large areas of western Canada.
• These forests are at risk of further decline if climate change leads to
a future continuation of more frequent & severe droughts.

• The direction of future changes will depend on the balance between
positive factors (e.g., longer growing seasons & CO2 fertilization) and
negative factors (e.g., drought & damage by insects & diseases).
• The results point to the need for innovative forest management approaches
for adapting to an uncertain future under a changing climate.
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