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CIPHA field tour 2017

Northern Forestry Centre (NoFC)
5320-122 Street, Edmonton

•

One of 5 regional centres of the Canadian Forest Service, Natural Resources Canada

•

Long history of scientific research on forests in the Prairie Provinces and NWT (est. 1970)

•

Research program on forests and climate change (since 1992)
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Edmonton’s natural areas
Whitemud ravine

NoFC
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Birdwatching in Edmonton’s natural areas

Pileated woodpecker
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Woodpeckers are increasing!

Pileated woodpecker
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Ongoing dieback of Edmonton’s urban trees
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Ongoing dieback of Edmonton’s urban trees

2009

2009
2010
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From City of Edmonton web site:

“Drought Impacts on the Urban Forest”

Increased Tree Losses Due to Reduced Precipitation

•

3000-6200 trees removed each year from
parks & boulevards during 2001-2010

•

normal removals: 600-900 trees/year
https://www.edmonton.ca/programs_services/documents/
PDF/Drought_Impacts_on_the_Urban_Forest.pdf
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Impacts of prolonged drought near Edmonton
Ground water levels SW of Edmonton

Changes in Beaverhill Lake
east of Edmonton

Alberta Environment records from Well #159 at Devon, Alberta
https://www.edmonton.ca/programs_services/documents/
PDF/Groundwater_Observation_Well_Levels.pdf
http://www.environment.alberta.ca/apps/GOWN/#

Dry during 2005-2015!
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General Circulation Model (GCM) projections
of future climate change
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 (2011-2100)
Wang et al. (2014 Forestry Chronicle)

Emerging climate change concerns:
Forest fires
•

Climatic warming & drying leads to increases in area burned

•

Recent exceptional fire years in western Canada

e.g., Flannigan et al. 2008, GCB

2014: >3 million hectares burned in NWT
2015: 3.7 million hectares burned across western Canada
2017: 1.2 million hectares burned in BC
2018: >1 million hectares burned in BC

•

Climate change is driving increased fire in the western US
Harvey et al. 2016, PNAS

Fort McMurray fire, May 2016

Aftermath of Kenow fire, Waterton National Park
September 2017

see also:
Canadian Wildland Fire Information System: http://cwfis.cfs.nrcan.gc.ca
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Emerging climate change concerns:
Insects & diseases
•

Pest outbreaks are often favoured by drought and warm summers,
and controlled by severe winter cold
e.g., recent, unprecedented expansion of mountain pine beetle
into Alberta’s boreal forest

Lodgepole pine forest killed by
mountain pine beetle & blue-stain fungus
Miette Hotsprings, Jasper National Park 2018
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http://www.nrcan.gc.ca/forests/fire-insects-disturbances/top-insects/13397

Emerging climate change concerns:
Drought-induced forest decline
Recent publications:
Luo et al. 2018. Divergent temporal trends of net biomass
change in western Canadian boreal forests (GCB)
Hember et al. 2016. Relationships between individual‐tree
mortality and water‐balance variables indicate positive trends
in water stress‐induced tree mortality across North America
(GCB)

Chen & Luo. 2015. Net aboveground biomass declines of four
major forest types with forest ageing and climate change in
western Canada’s boreal forests (GCB)
Zhang et al. 2015. Half-century evidence from western Canada
shows forest dynamics are primarily driven by competition
followed by climate (PNAS)
Williams et al. 2012. Temperature as a potent driver of
regional drought stress and tree mortality (Nature CC)
Peng et al. 2011. A drought-induced pervasive increase in
tree mortality across Canada’s boreal forests (Nature CC)
Allen et al. 2010. A global overview of drought and heatinduced tree mortality reveals emerging climate change risks
for forests (For. Ecol. Manage.)
Van Mantgem et al. 2009. Widespread increase of tree
mortality rates in the western United States (Science)

Global locations with recent episodes of drought-induced tree mortality
(Allen et al. 2010, For. Ecol. Manage; Allen et al. 2015, Ecosphere)

Climate change concern for the western Canadian boreal forest:
Projected northward movement of prairie-like climates

Hogg & Bernier 2005, Forestry Chronicle

Hogg 1994, CJFR; Hogg & Hurdle, 1995 Water Air Soil Pollut.

Future climatic drying could affect all aspects of ecosystem functioning!
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Early studies of aspen dieback in western Canada

Aspen dieback & decline in Alberta & Saskatchewan, 1990s

•

Local dieback events prompted public &
forest industry concerns in the 1990s

•

Early tree-ring studies showed that drought
& insects were major causal factors
Grande Prairie area (study with
Weyerhaueser Canada; Hogg et al. 2002)
Bronson forest (study with Mistik
Management Ltd.; Hogg & Schwarz 1999)

Grande Prairie study area and sample plots

Method for assessing drought severity
Climate Moisture Index (CMI)
Hogg (1997, 2013) Agric. For. Meteorol.

A simple index for assessing moisture variation in remote forested regions where
long-term climate data are typically limited to temperature and precipitation

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)

runoff

Tree-ring analysis of aspen
1978

1995

“White” tree rings formed during
defoliation by forest tent caterpillar
Hogg, Hart & Lieffers 2002, CJFR

Tree-ring
sampling

Forest tent caterpillar
(Malacosoma disstria)

Aspen defoliation by
forest tent caterpillar

Potential climate change impacts on aspen forests
in western Canada

CIPHA study

Climate Impacts on Productivity & Health of Aspen
• Established in 2000 & continuing with provincial partnerships
Alberta Agriculture & Forestry (2010-present), Sask. Environment (2016)
• 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)

CIPHA study: early results
Tree-ring analysis showed dramatic changes
in regional aspen growth since the 1950s

Drought (CMI)
Insect defoliation (D)

Aspen growth index (A’)

Major factors affecting growth:
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, Brandt & Kochtubajda (2005, CJFR)
See also: Chen, Huang, Dawson et al. (2018, GCB)

CIPHA study results
Impacts of the exceptional 2001-2002 drought
• Massive aspen dieback & mortality in severely drought-affected area
• 30% decrease in stand-level growth of aspen across the region

• Other trees affected (e.g., birch, farm shelterbelts & urban forests)
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)

Drought-affected aspen
stand (May 2003)

Severe mortality in the parkland
(August 2004)
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CIPHA study results
Longer-term drought impacts (2000-2016)
• Aspen mortality increased and has remained higher than normal
• Led to a regional, multi-year collapse in aspen biomass increment
• Drought impacts were likely amplified by insect & disease damage
Mortality losses of aspen biomass in CIPHA plots
across western Canada

CIPHA sites included

Trends in aboveground aspen biomass in CIPHA plots
across western Canada

Long-term normal
mortality from PSPs
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Aspen mortality: contributing factors

Wood boring
insects

Cankers

Drought
Insect defoliators & leaf miners

Stressed
trees

Mortality
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Armillaria root rot

Recent results
Extreme aspen mortality (61%)
during 2012–2106
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Percent mortality of aspen biomass in CIPHA plots
2012-2016

Photo by Ted Hogg, CFS
DVG CIPHA site, July 2017

Recent results
Dunvegan CIPHA site (80 km NE of Grande Prairie)
Mapping of drought & insect defoliation in northern Alberta
from BioSIM & aerial insect surveys (Alberta AF)

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

An emerging concern:
Prolonged & repeated drought
in Alberta’s forests
Estimated using the Climate Moisture Index (CMI)
(Hogg, Barr & Black, 2013, Agric. For. Meteorol.)
Trends in the Climate Moisture Index (CMI) for
for Alberta’s managed forests (from BioSIM)
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Alberta’s major commercial trees
White spruce

48% of coniferous merchantable growing stock

Trembling aspen

81% of hardwood inventory

Lodgepole & jack pine

41% of merchantable growing stock

http://www.albertacanada.com/business/industries/
bp-wood-species.aspx

http://species.abmi.ca/contents/2017/geospatial/vegetation/
ABMIw2wLCV2000v2_web_LARGE.jpg
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White spruce (Picea glauca)
• Important boreal tree, both commercially and ecologically
• Commonly grows with aspen in mixedwood stands

• Less prone to dieback and mortality following drought
but concerns about recent drought impacts on productivity in Alberta
• Prompted this tree-ring study on recent changes in white spruce growth
(Collaboration between CFS & Alberta AF)
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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.
https://esp.cr.usgs.gov/data/little/piceglau.pdf

Alberta white spruce tree-ring study
Change in decadal white spruce growth in biomass (GBM) from the 1990s to 2000s
• Growth decreased in 57 of the 75 stands
• Percent growth decrease was greatest in areas with
strong drying trends (west-central & northern Alberta)

Change in the CMI from the 1990s to the 2000s
across Alberta & Saskatchewan

White spruce increment core from Cynthia (CYN) site
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Alberta white spruce tree-ring study
Comparing growth responses of young versus old stands
in 10 study areas across Alberta’s managed forest
• Overall growth decrease of 38%
during 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”

Summary and Conclusions
• Recent droughts are having a major and long-lasting impact on aspen and
white spruce forests across large areas of western Canada, especially in Alberta.
• These forests are at risk of further decline if climate change leads to
a future continuation of more frequent & severe droughts.
• The results point to the need for new approaches for managing our trees & forests
under the future uncertainties of a changing climate

32

Managing our forests under an uncertain future:
The emerging need for climate-adaptive strategies
Examples:
•
•
•
•
•
•
•
•
•
•

Watering & irrigation (e.g., urban trees & farm shelterbelts)
Enhanced site preparation & weed control
Thinning (fewer trees sharing limited moisture)
Flexible harvest scheduling & salvage logging
Tree improvement programs (drought-tolerant genotypes)
Planting more diverse provenances and/or species
Assisted migration (relaxing the “local is best” rule)
Anticipatory adaptation through test plantings
Climate-driven models of forest growth & yield
Monitoring for early detection of changes & their causes

Watering our spruce
Calgary 1959
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Managing our forests under an uncertain future:
The emerging need for climate-adaptive strategies
For further information see:
Ogden & Innes (2007) Incorporating climate change adaptation considerations into forest management and
planning in the boreal forest (International Forestry Review)
Gauthier et al. (2014) Climate change vulnerability and adaptation in the managed Canadian boreal forest
(Environmental Reviews – Table 5 gives a list of adaptation options for the managed boreal forest)
Edwards et al. (2015) Climate change and sustainable forest Management in Canada: A guidebook for assessing
vulnerability and mainstreaming adaptation into decision making (Canadian Council of Forest Ministers)
http://cfs.nrcan.gc.ca/pubwarehouse/pdfs/35956.pdf

Nagel et al. (2017) Adaptive silviculture for climate change: A national experiment in manager-scientist
partnerships to apply an adaptation framework (Journal of Forestry)
CFS-NRCan web site on climate change indicators and adaptation tools for the forestry sector:
https://www.nrcan.gc.ca/forests/climate-change/13083
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