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Background
Trembling (Quaking) Aspen

Populus tremuloides Michx.

* The most widespread tree in North America
* Especially abundant in the western Canadian boreal forest:
- aspen forest area > 150,000 km? total for Canada's boreal plains & taiga plains ecozones
- estimated 800 million tonnes of carbon stored in aboveground aspen biomass

source: Canada’s National Forest Inventory, https://nfi.nfis.org

- Recent concerns about aspen decline across North America (Worrall et al. 2013)
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Major causes of aspen decline

- Severe drought
* Tent caterpillar defoliation

+ Spring thaw-freeze events

* Wood-boring insects
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Objectives

- Estimate the magnitude of interannual variation in aspen forest NEP*
at the regional scale across Canada’s western boreal forest.

* Examine the role of drought as a factor driving this variation.

*Note: NEP is Net Ecosystem Production (= annual net carbon uptake)
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Methods
Regional monitoring (CIPHA)

» Collaborative study initiated in 1999

« One of 13 boreal CIPHA sites was co-located

near BOREAS/BERMS Old Aspen flux tower of tree-rings & plot-based measurements

- Includes annual measurements of:

- aspen stem diameter, height, dieback & mortality
- defoliation and stem damage by insects & diseases
tree-ring widths from disks & cores (2000 & 2012)

- Estimated annual growth increment (g m-2 yr-1)
(AGI) of aboveground aspen biomass using

Aspen free-rings

Estimation of annual growth increment (AGI) through "scaling up”
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Further details are given by Hogg et al. (2005, 2008) includingcrr;h;oiﬁysir;zio(r;a plots)
Carbon flux measurements (BERMS) Tower-based monitoring of CO, fluxes (eddy covariance)

» Initiated during BOREAS & continued under Canadian programs
including BERMS (Boreal Ecosystem Research & Monitoring Sites)

» Long, continuous record of above-canopy C fluxes
1996-present, methods given by Barr et al. (2004, 2007)

- Comprehensive environmental monitoring, including soil water
content in the tree rooting zone (0 - 1.2 m depth, TDR probes)

CANADIAN PROGRAMME

* This enabled the calculation of on-site climate indicators e W G/
including a scalable model of soil moisture (Hogg, Barr & Black 2013) -

Results & Discussion
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Summary & Conclusions

* Aspen forests are abundant in the western Canadian boreal forest and show large (ca 18 Mt C yr)
interannual variation in annual growth increment (AGI) of aboveground biomass carbon.

- Recent, severe drought led to strong reductions in AGI but its effects on ecosystem C uptake (NEP)
were less evident because 1) both photosynthesis (GEP) and respiration (R) were reduced during
periods of low soil moisture; and 2) a tendency for reduced GEP & NEP in the wettest years.

* Further field-based research is needed to support modelling of longer-term drought impacts on
forest carbon cycling, including the question of how rapidly carbon is lost following episodes of
drought-induced tree mortality and subsequent snag fall down (Hogg & Michaelian 2015).
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