The GHG offset potential of
the open woodland
afforestation in the boreal
forest of Eastern Canada

Jean-Francois Boucher?!, Claude Villeneuve!, Jean-Robert Wells',
Yves Bergeron2, Sophie D'Amours3, Isabelle Cété', Daniel Lord'

T Université du Québec a Chicoutimi, Qc, Canada
2 Université du Québec en Abitibi-Témiscamingue, Qc, Canada

3 Université Laval, Qc, Canada

3rd North American Carbon Program All-investigators Meeting

New-Orleans, LA
February 3 2011



I*I Matural Resources
Canada

Canadian Forest
Senice

A
Regsoyrces naturelles U 7 Q u

FOREST REGIONS
of CANADA

S
@ ] Canadlan boreal forest

) 295 Mha, approx. 30% of
- Canada’s total land and 22% of
the world’s boreal forest

Hudson
Bay

BRITISH ( '
Pl COLUMBIA - "

ocoanl \ " ° ALBERTA

9,1

SASKATCHEWAN
MANITOBA

» % , =
! ¥ QUEBEC
Y ; \
: ONTARIO
FOREST REGIONS PRINCIPAL TREE SPECIES - b
BoREAL - PREDOMINANTLY FOREST [ whie spruce, black spruce, balsam fir, jack pine, white birch, trembling aspen

BOREAL - FOREST AND BARREN [ White spruce, black spruce, tamarack
BOREAL - FOREST AND GRASS - Trembling aspen, willowe
sugaLPiNE [ Engelmann spruce, alping fir, lxdgepole ping
monTane [ Douglas-ir, lodgepole pine, ponderssa pine, trembling aspen
GOAST - Western red Cedar, western hemlock, Sitka spruce, Douglas-fir
COLUMBLAMN - Western red cedar, western hem bk, Douglas-fir
peciouous Besch, maple, black walnut, hickory, oak
GREAT LAKES - ST, LAwRENCE [ Red pire, 2astern white ping, ¢astern hemlock yellow birch, maple, cak
ACADIAM |:| Red spruce, balsam fir, maple, yelkw birch
GrassLAMDE [ Trembling aspen, willows, bur oak

TUNDRA []

Atfantic
Ocean







0C nngia

mgitaleiun“ ¥ ?._ ST, g iy : _ ua‘ianOOgle

T e - . i . ,f,':_. i . R N
. : ] Wi ) -\ FRE

| .i ) & ’
o LT U - ok L v K o™ S N }
Date des images satellite : 13 juil. 2006 5D"19"49 4?"“ TO°06'50.25°0 elév. 4Tém _ Altitude  4.28 km O



Natural crown cover patchiness of
Canada’s boreal forest
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Natural crown cover patchiness of
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Canadian extent of OWs?

Terrestrial il §0 40 Land?%c_:ape Density Area (ha)
_Context Ecozone position class
Boreal Shield Vegetated - treed®*  Upland Sparse** 14 907 131
Simulated © - Baregl Plains Vegetated - treed*  Upland Sparse** 1514 075
jeae Boreal Cordillera  Vegetated - treed*  Upland Sparse** 6 825 763
. Support Total boreal Vegetated - treed®  Upland Sparse** 23 246 969
capacity
' stock *Vegetated - treed: Vegetated crown closure = 5%, and Tree crown closure = 10%

permanence oparse: Treed cover 10-25%
. Albedo

. Carbone
boreal

Volume

per ha
54.8
61.9
91.6
66.1




Assets of afforestation in the boreal zone

1. Context

2. Simulated C

e * Olgnificant potential territories available

3. Support

capacity across Canada

4. C stock
permanence

5. Albeco * No (or very few) loss of opportunities:
6. Carbone

£ — Forestry

— Agriculture

* Cheap and low C-intensive mitigation
method
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The C balance of simulated OW afforestation
(Gaboury et al. 2009)
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 Life-Cycle Analysis (LCA) approach

e CO2 FIX model

Baseline scenario (intact OW)
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The C balance of simulated OW afforestation
(Gaboury et al. 2009)
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1. Context 120 -
2. Simulated C —e—Total stem —®—Leafs Branches
balance “: 100 Roots —*— Soil —e— Total
3. Support =
: (&)
capacity - 80 A
4. C stock 3
=
permanence % 60 .
5. Albedo o]
(&)
6. Carbone % 40 -
boréal =
©
=
=]
k=)
o
m

80

Time (years)

-20

End-of-project sequestration (70 years) = 77 t C ha"’
Net C balance: positive after 27 years

— Initial tree harvesting simulated .



Operations related emissions (LCA)

1. Context Seed productlon

2. Simulated C
balance

Containerized
3. Support Se_edllng .
capacity . o

4. C stock
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A : Transport and
¥ | <1% of net C sequestration | site access
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Boreal OW afforestation: Known issues

ey 1. Support capacity?

2. Simulated C
balance

— Growth and yield (C sequestration)

3. Support

capacity . g
T — Soil fertility
w 2. C stocks permanence?
g — Natural disturbances related reversal risk

— Harvested wood products

3. Albedo (surface radiative forcings)?
— Albedo management
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Support capacity projects: Site location
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Support capacity projects: experimental design
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Growth and yield of afforested OWs

250

. Context

BSFM - Planted JP
. Simulated C p ’ ante

balance 200 -

. Support /
capacity 7

. C stock
permanence

150 4
OW - Planted JP

|
- BSFM — Planted BS

Albedo

Height (cm)

. Carbone

boréal 100

OW - Planted BS
S0

0 2 4 6 8 10
Years after plantation

65% less height growth in planted OWs than in planted BSFM

120% more height growth with jack pine than with black spruce
in afforested OWs (posters #G-163 and #G-164) 5



Growth and yield of afforested OWs

1. Context 350 |
2. Simulated C |
balance 300
3. Support ]
capacity ‘@ 250 Gaboury et al. (2009)
4. C stock 3 Site Index used
permanence S 200 (143 cm at 10 yrs)
5. 'Albedo -
6. Carbone (}ﬁ: 150_
boreal E
Q
?» 100
§ 50
|
" 0~
fiy | BS JP N BS JP
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* Projected yield: not with black spruce!
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1. Context

2. Simulated C
balance

3. Support
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4. C stock
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Support capacity: soil fertility

Al

Al stocks (t ha™)

Fe stocks
=

0.04 -
0.02 -

Ca stocks (t ha™)

0.08 -

0.06 -

0.04 -

0.02 -

0 -

Mg
B BSFM

. Sustalned 10 years ) lower nutrient stocks in OW

mineral SOI

— early growth limitation?

(poster #G-162):7



1. Context

2. Simulated C
balance

3. Support
capacity

4. C stock
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5. Albedo

6. Carbone
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p=0,3124

Support capacity: C stock growth

70

60 p=0,1017

M Baseline scenario

Ul
o
\

M Afforested scenario

Carbon (t/ha)
w H
o o

N
o

[EEN
o

p = 0,3878

Abovebground Roots Humus Mineral soil Dead wood Total
* 10 years after afforestation = predominance of mineral soils (first B

horizon)

* No evidence of net C emissions after 10 years
(poster #G-169) ;4



1. Context

2. Simulated C
balance

3. Support
capacity

4. C stock
permanence

5. Albedo
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C stock permanence: reversal risk

T Low High

140 1 ! | Fir_e severity
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'-20 T T T v L] T T 1
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* Reversal risk management =
—Prevention (spatial dispersion, buffers, fuel management)
— Accounting (disturbance-explicit C balance, insurance products)
— Avoidance (harvested wood products + substitution)

(from Gaboury et al. 2009)
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capacity

4. C stock
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* Some hypotheses to test:
1.Deciduous planted tree species (larch, birch, etc.)?

2.“Inclusive” baseline scenario = OWs + C-intensive
products (concrete, steel, etc.)
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Carbone boreal in the voluntary C market...

1. Context

2. Simulated C
balance

3. Support
capacity

4. C stock
permanence

5. Albedo

6. Carbone
boréal

a new research funding opportunity

ca rbgn
boréal.

carboneboreal.ugac.ca
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