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A praise for small scale (detailed) study! 

• “We need to expand our research agenda to 
include human systems (economics, land-use, 
etc.)” - Kenneth Davis, Monday morning 
… and to develop new niches that tackle global warming! 

(From Halsnæs et al. 2007) 



Urgent need to hurry (and worry!) 

• Chances to curb global warming to 2 °C are 
extremely thin, but massive mitigation 
measures must be rapidly implemented to 
limit severe and global disturbances 



Mitigation options in the LULUCF sector 

• Activities with rapid impact = maintaining forest areas, 
site-level C density, and landscape-scale C stocks  
REDD+ activities in the tropics… 
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Cumulative mitigation potential of low cost options 

• Most of cheap and 

short term (as well 

as longer term) 

mitigation gains 

are with reduced 

deforestation 

options in the 

tropics (Nabuurs 

et al. 2007) 
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REDD+ initiatives in the tropics 

• Tropics = both an important source and sink of C and harvested wood 
products (HWP)  need the enforcement of the REDD+, but with strong 
consideration to the management of land-use conflicts, loss of arable lands, 
leak risks and poverty 

• Tropics = important MRV needs, and for the development or adaptation of 
accounting approaches and tools (C accounting models) 

(From Grassi 2008) 



Population change between 2010 and 2100 by major 
region (millions) 

Source: United Nations, Department of Economic and Social Affairs, Population Division (2011): World Population 
Prospects: The 2010 Revision. New York 



Projected high demand for building 
materials in Africa… 



… but where the wood products will come 
from to face the African demand?? 

(photo: R. Nsielolo Kitoko) 



In the global warming context, wood 
products is the right choice 

(From Nabuurs et al. 2007) 
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CO2 emissions of different building materials 

(Photo: A.-B. Laurent) 
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Example of a building life-cycle analysis (LCA) 

• Laurent et al., In prep. 

Glulam beam 

LCA 
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Net C balance of different construction alternatives 
(Laurent et al., In prep.) 

• Steel production (from Toronto) = 0.91 kg CO2 kg-1 

• Black spruce in glulam = 745 kg CO2 m-3 

• LCA of glulam production = 110 kg CO2 m-3 (Laurent 2012)  Net biogenic C 
in 1 m3 of glulam = 635 kg CO2 sequestered (during its life time) 

Wood only Hybrid Steel only 
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Mitigation options in the LULUCF sector in high 
latitude regions 

• Strategic advantage with the forest C management in the boreal zone = few loss 
of opportunity, few land use conflicts, and no displacement of arable lands 

• Disadvantages are: slow growth rates, C debt creation, risks of reversibility 
associated to natural disturbances, and the albedo change related forcing 
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• Boreal OWs = 1.6 M 
ha in Québec 

• End-of-project 
sequestration (70 
years) = 77 t C ha-1 

• Net C balance: 
positive after 27 
years 
→ initial tree 
harvesting 
simulated 

• C sequestration = 
one aspect of the 
radiative forcing of 
an afforestation 
project… 

The C balance of simulated (with CO2Fix) boreal OW 
afforestation (Gaboury et al. 2009) 



Albedo change related forcing can offset the C sequestration 
related forcing in high latitude afforestation 



Albedo change related forcing can offset the C 
sequestration related forcing in high latitude afforestation 

Low albedo 
(forcing = warming) 

High albedo 
(forcing = cooling) 



Albedo change related forcing can offset the C 
sequestration related forcing in high latitude afforestation 

(From Bernier et al. 2011) 

Aerial photo of a managed 
landscape, during the 
winter 



• To address both the uncertainty associated to the 
albedo change with high latitude afforestation AND 
the adaptation of boreal forests to climate change 

• See the presentation from Price et al. at 11:30!! 

19 

Conversion from coniferous to deciduous 
composition… 



Net C drawdown related forcing used in the literature for 
simulation of high latitude afforestation 

Net C 
drawdown 

(t C ha-1) 
Region considered Reference 

21–42 Boreal Québec (Canada) Bernier et al. (2011) 

60 Boreal Canada Betts (2000) 

50–75 Boreal Canada Betts et al. (2007) 

55 Boreal latitudes Claussen et al. (2001) 

100 Global Gibbard et al. (2005) 

170 Boreal Canada Montenegro et al. (2009) 

77 Boreal Québec (Canada) Gaboury et al. (2009) 
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R&D on the optimization of a boreal 
afforestation project 
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(Gaboury et al. 2009) How can we reduce the net 
emission period (the “C debt”) 
and optimize the return on 
investment (ROI) of an 
afforestation project?? 

How can we increase the net 
sequestration rate and the 
cumulated C stocks? How can we 
protect an afforestation project 
from the reversal risks?? 
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Reducing the C debt period… 

• Positive net C balance after 10 years (with planted 
jack pines)  16 year long reduction on the C debt 

C stock accounting in 10-year old plantations 
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Tamarack 

• Faster and greater stocking with understory plantations (no 
harvest) with jack pine than that simulated in Gaboury et al. 
(2009) 

New simulations with CBM-CFS3 
(Boucher et al. 2012) 

Jack pine 
Black spruce 



Offset potential with large scale afforestation 
(Boucher et al. 2012) 

• A large-scale afforestation of boreal OWs – scheduled at 20 kha per year during 20 
years for a maximum of 400 kha – could provide capped industrials with a 
significant offset potential, for instance up to nearly 8% offset of all Québec 
industrial process emissions (2009 data) after 45 years. 24 

A C debt 
remains… 



Management of the C debt 
• The management of the 

C debt created by 
afforestation initiatives 
could include joint-
ventures within the 
forest management on 
the landscape, for 
example by increasing 
the rotation length or 
replacing clear cutting by 
partial cutting (beyond 
business as usual 
practices)  incentives 
(eg. C markets) and 
juridictions should be 
flexible enough… 
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Mature OWs VS mature BSFM stands 

  Mature OWs Mature BSFM stands 
  (=Baseline scenario) (≈Afforestation scenario) 

Comparable stand characteristics (stand age, soil deposits, 
slope, aspect, drainage, etc.) on 10 pairs of OWs and BSFMs 



Mature OWs VS mature BSFM stands 
(Dufour et al., in prep.) 

Stand 
type 

Site 
index 
(m) 

Mean 
DBH 
(cm) 

Density 
(stems/ha) 

Spruce density 
(stems/ha)  

Basal 
area (m²) 

Volume 
(m³/ha) 

Measured 
C stocks in 
biomass  

(t/ha) 

 

OW 9.9 5.59 597.5 550.0 8.79 36.78 23.2 

BSFM 12.6 11.79 2587.5 2350.0 42.95 230.40 114.0 

Diff. 2.7 6.2 1990 1800 34.16 193.62 90.8 

• New allometric equations developed for OWs (Fradette 
2013) 

• The difference between OWs and BSFMs in measured C 
stocks in the biomass (90.8 t ha-1) is somewhat higher than 
that estimated (65 t ha-1) in Gaboury et al. (2009) 
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Mature OWs VS mature BSFM stands 
(Dufour et al., in prep.) 

• Reconstruction of ecosystem C stocking of the afforestation scenario using 
CBM-CFS3 = equivalence between a BSFM stand based simulation and a 
black spruce plantation growth & yield table based simulation 

Black spruce plantation 
growth & yield table 
based simulation 

BSFM stand based 
simulation 



Accounting for fire risks in the C budgets of afforestation projects 
within the continuous boreal forest (Cavard et al., in prep.) 

• Study objectives: 
– Identify risk factors that contribute to wildfire occurrence 
– Estimate average C loss due to wildfires in open woodlands vs. dense afforested 

areas 



Accounting for fire risks in the C budgets of afforestation projects 
within the continuous boreal forest (Cavard et al., in prep.) 

Main conclusions: 
• Increased tree density in the landscape with afforestation projects in open woodlands tends 

to diminish fire risks 
• A logistic regression can predict mean annual burnt areas at a temporal resolution of 11 years 

and a spatial resolution of 350 km² with acceptable accuracy, which will allow to include 
impact of fire in C budgets, and eventually better comply with reversal risk calculations and 
management in regulated carbon markets or standards 



The economical potential of the carbon offset opportunity 
offered with the afforestation of boreal open woodlands 

(Dufour et al., see poster 153) 



Conclusions 
• Rapid and important mitigation from the 

tropics… however, problems with land-use 
conflicts, loss of arable lands, leak risks, poverty, 
lack of accounting approaches and tools 

• Mitigation with high latitude activities = few loss 
of opportunity, few land use conflicts, and no 
displacement of arable lands… but problems 
with slow growth rates, C debt creation, risks of 
reversibility, and the albedo change related 
forcing 
– Management at the landscape level can help mitigate 

(offset) these limitations and promote the creation of 
new forested areas, new valuable GHG offset 
opportunity, and eventually increased flow of wood 
products in the market to face increasing demand for 
building materials with low C intensity 
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Merci! 
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