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*BASED ON SUSTAINABLE FORESTRY PRACTICES
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Figure 5. Parallel coordinates chart for eleven building traits showing building group clustering
within the possible trait space. See Table 1 for species and summary of key characteristics of
building groups.
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FIGURE & Annual net primary productivity as landscape level averages across all forested cells. Ribbons, when visible, show the
interquartile range from the median of five replicates. Pzle red boxes indicate the period of simulated disturbances (2040-2150; three
insects or six insects plus drought) and blue box indicates when the landscape has been left undisturbed to recover (2150-2200)
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Fig. 5. a) Central Quebec study area in SE Canada. b) Spruce, pine, and fir logs aging before () typical softwood milling seen throughout the region
(photos: Osborne et al. (48)).
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Figure 3. Tons aboveground biomass harvested (kg) by species building functional group (Table1)
under the different scenarios (columns: climate; rows: management treatment).
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Table 1. List of 35 eastern North American tree species [either present—marked in bold—or with potential in the reference landscape) by
building groups, key characteristics, and common uses. Species in bold are those currently present in the region.

Building Key characteristics Species Common uses
group
BG1 Conifers, low density, average max height, average  A. balsamea, T. canadensis, P. strobus, Construction lumber, paper (pulpwood),
dizmeter at breast height (DEH), low shrinkage, T. occidentalis plywood, and other utility wood purposes
soft and low mechanical strength
BG2 Conifers, med-high density, averapge max height, P. abies, P. taeda, P. rigida, P. glauca, Utility poles, posts, railroad ties, paper
low DBH, medium shrinkage, average P. rubens, P. mariana, F. resinosa (pulpwood), and construction lurnber
compression and hardness, average mechanical
strength
BG3 Deciduous, medium density, average max height, Larix laricina, Prunus seroting, Betula  Utility poles, posts, rough lumber, boxes/
medium DBH, high shrinkage, high compression populifelia crates, and paper (pulpwood)
F————— = and hardnessehighanechamical siran@ih= = - = - - & & d d - f e f e e e e e e e e e e e e e -
1 BG4 Deciduous, medium density, medium max height,  A. rubrum, U americana, B. papyrifera, Veneer, paper (pulpwood), boxes, crates/
1 medium DBH, high shrinkage, medium (). macrocarpa, F. americana, J. nigra pallets, musical instruments, turned
! compression and hardness, medium mechanical abjects, and other small specialty wood
! strength items
' BGs Deciduous, low density, low to high max height, Acer saccharinum, Populus tremuloides,  Boxes/crates, veneer, plywood, and various
: medium to high DEH, medium shrinkage, low to Populus grandidentata, Tilia utility purpases
i medium compression and hardness, low americana, Liriodendron tulipifera
b e e — mechanical siTength _ _ L L L L C o f o f o m e e e e e e e e e — e — e ——
BGE Deciduous, medium to high density, low to medium  Quercus rubra, Quercus veluting, Cabinetry, furniture, interior trim, flooring,
max height, average DBH, high shrinkage, high A saccharum, Fagus grandifolia, and veneer
compression and hardness, high mechanical Quercus alba, Quercus coccinea
strength
BGY Deciduous, low density, medium to high max B. alleghaniensiz, Betula lenta, Carya Veneer, plywood, interior trim, furniture,
height, average DBH, medium shrinkage, medium cordiformis, Carya glabra and paneling,

compression and hardness, low mechanical
strength




PART 2

ﬁi RESIL,

| __w ASSESS THE

ENCE OF

ING WOOD
'RUCTION




e e

[T==——TrrT7 B
. e}
=3 b - -

WOOD IN TRANSITION:

DIVERSIFYING WOOD CONSTRUCTION TO
COPE WITH FOREST CHANGE




INDICATORS
OF ECOLOGICAL RESILIENCE

SPECIES FUNCTIONAL FUNCTIONAL
RICHNESS DIVERSITY REDUDANCY

PA0ATL  PALAE Pa4h%
TUVY STV

FD=HIGH

MM MM A




INDICATORS
OF ECOLOGICAL RESILIENCE

SPECIES
RICHNESS

P44A%1
JUYY
MM |




DIMENTIONAL
LUMBER

COMMERCIAL GROUP (S-P-F)

ECOLOGICAL BUILDING
GROUF GROUP

[

CON-Bor

[ 3]
dominant species
used in construction

Larx lancna
Populis grandidentata
Fopuhs tomulosdos

s

Prunus serotna
Betula populifolia
Betula papyrifera

Betula slegharensis
Befula lenta

NHW-Es

Juglans nigra
Fravinus americana
Liradondron Wlpifera
Tl americana
Carya cordilorris

-]

NHW-Ms

o

Fagus grandifolia

Chugfus Macrocana
Quercus alba
Cwercus coccinea
Qrperours nubea
Quencus velutna

Carya glabra

CHW-Dt

BN N ] S

SPECIES RICHNESS

SPECIES RICHNESS BY ECOLOGICAL GROUP

Scenario 3: TF Combined
Scenario 2b: MT Balsam Fir
Scenario 2a: MT Black Spruce
Scenario 1B: LF All CGs Combined
Scenario 1A: LF SPF Combined
Solid-sawn heavy timber
Hardwoods

WP: Plywood

WP: Oriented strandboard

SCL: Parallel strand lumber

SCL: Oriented strand lumber

SCL: Laminated strand lumber
SCL: Laminated veneer lumber
MT: Hardwoods

MT: Commercial Group (Hem-Tam)
MT: Commercial Group (SPF)

MT: Black Spruce

DL: M. Aspen

DL: Hem-Tam

DL: N. Species

0 5 10 15 20 25 30

B Con-Bor m Con-Pin mNDC-Es m NHW-Es m CHW-Ms B NHW-Ms B CHN-Dt

Forthcoming: Osborne et al (2026) Wood in
transition: diversifying wood construction to
cope with forest change



DIMENTIONAL

LUMBER SPECIES RICHNESS

ALL COMMERCIAL GROUPS
SPECIES RICHNESS BY ECOLOGICAL GROUP
Scenario 3: TF Combined
Scenario 2b: MT Balsam Fir m
ECOLOGICAL BUILDING Scenario 2a: MT Black Spruce m
Slass Lol Scenario 1B: LF AILCGs Combined IS
| Abies baisamea ] | Scenario 1A: LF SPF Combined n—
: T@mm : .1 @ g Solid-sawn heavy timber HE
: mﬁgﬁ CON-Bor : 8 2 Hardwoods e
! Pmag.lm ! *2 E WP: Plywood s S
: Prova marina : 5 E _E WP: Oriented strandboard
: Pwﬁ CON-Pin | s & SCL: Parallel strand lumber =
| Pnusmeda R ! SCL: Oriented strand lumber =
Mmgw;; . ;3 SCL: Laminated strand lumber
Fopulus tremuloidos SCL: Laminated veneer lumber S
Prviicialia MT: Hardwoods s
mﬁﬂﬁ NHW-Es .4 MT: Commercial Group (Hem-Tam)
mm MT: Commercial Group (SPF) HEE——m
T e I ‘. [mRackshice ||
P CHWM™, q ! DL: N. Aspen s !
| sl : | DL: Hem-Tam |
I I i DL: N. Species I
: : . : DL:S-P-F mmmm '
1 NHW-Ms 1 5 L a
'L _____________ j 0 5 10 15 20 25 30
B Con-Bor ®m Con-Pin mNDC-Es mNHW-Es m CHW-Ms B NHW-Ms B CHN-Dt
= =

Forthcoming: Osborne et al (2026) Wood in
transition: diversifying wood construction to
cope with forest change



WOOD PANELS:

PLYWOOD SPECIES RICHNESS

SPECIES RICHNESS BY ECOLOGICAL GROUP

Scenario 3: TF Combined

Scenario 2b: MT Balsam Fir
ECOLOGICAL BUILDING Scenario 2a: MT Black Spruce

GROUE e Scenario 1B: LFAU CGs Combined NS
L =

T T—— . - Scenario 1A: LF SPF Combined
T nadersis 5
L s subus : “ 1 gé Solid-sawn heavy timber HE
" P | [ CONBor — R ___Herdwoods e
| ponbe i P 5 L _ WP:Plywood _me—
P i .
I e I - E_E WP: Oriented strandboard =
: gl Ve : S8 SCL: Parallel strand lumber =
: Pt : SCL: Oriented strand lumber =
L'w Larix lancna — : SCL: Laminated strand lumber
1% grandidentala NDC-
I Populus remulcides ! SCL: Laminated veneer lumber S
Brunus serotna MT: Hardwoods s
mﬁﬂ: NHW-Es MT: Commercial Group (Hem-Tam) mm
Mo MT: Commercial Group (SPF)
. 'J:gh;;g,; """" | MT: Black Spruce B
:Li:or;cmn;ﬁmmﬁﬂ : DL: N. Aspen
' menl : DL: Hem-Tam mmm
I I DL: N. Species NN
1 Acer ubnam 1
| Ulmus americana 1 DL: 5-P-F m
I nn:wsatmamm NHW-Ms
SacCnansm
| Fagus grardiola : 0 5 10 15 20 25 30
1 1
Eh.lerwsrmm
e s e : m Con-Bor ® Con-Pin mNDC-Es ® NHW-Es @ CHW-Ms B NHW-Ms B CHN-Dt
| Oarcus coccinea I
I Crsaroues nubea I
’ Quercus velutina -

Forthcoming: Osborne et al (2026) Wood in
transition: diversifying wood construction to
cope with forest change



BUILDING

ALL COMMERCIAL GROUPS

ECOLOGICAL BUILDING
GROUF GROUP

Teuga canadensis
Pinus strobus
Picea abses
Picaa glauca
Picoa nubens
Pioga mariana

[

&%)

Piws resingsa
Pinues rigida
Pinustaeda

Larkx larona
Bopulis grandsdontala
Fopuhs tomulosdos

|
s S

s

1 Juglans nigra
| Fravinus americana
| Liredondron Wilpilera
1 Tl amenicana
Carya cordilorris

-]

o

|
lmmomrpq
| Quercus aba

BN N ] S

dominant species
used in construction

LIGHT FRAME

SPECIES RICHNESS

SPECIES RICHNESS BY ECOLOGICAL GROUP

Scenario 3: TF Combined
Scenario 2b: MT Balsam Fir =
Scenario 2a: MT Black Spruce m

Scenario 1A: LF SPF Combined
Solid-sawn heavy timber HE
Hardwoods
WP: Plywood I
WP: Oriented strandboard
SCL: Parallel strand lumber
SCL: Oriented strand lumber R
SCL: Laminated strand lumber
SCL: Laminated veneer lumber S
MT: Hardwoods I
MT: Commercial Group (Hem-Tam)
MT: Commercial Group (SPF) HEE——m
MT: Black Spruce W
DL: N. Aspen N
DL: Hem-Tam
DL: N. Species NN
DL: 5-P-F mmm
0 5 10 15 20 25 30

B Con-Bor m Con-Pin mNDC-Es m NHW-Es m CHW-Ms B NHW-Ms B CHN-Dt

Forthcoming: Osborne et al (2026) Wood in
transition: diversifying wood construction to
cope with forest change



INDICATORS
OF ECOLOGICAL RESILIENCE

FUNCTIONAL FUNCTIONAL
DIVERSITY REDUDANCY

1 hd AR o 47 3+
2 S/ Y SR J S ¥

TYYV R YYYTY




WOOD
CONSTRUCTION

APPROACH FUNCTIONAL

RESILIENCE

Adaptive |
Timber Frame

Light Frame Mass Timber

1.00 -
Seanerio 1a; Light w;:.:?.:._:g” Geanario It Maas O Hl(ﬁTl:liRR?é\lﬁT'l'lg
Feacte (3.5F) it i Thebar | Gangle Scenaris & Posl and besem . X
Specins) BETTER Dimensional
LA Lumber
¥ 5 E ¥
|3 g P i S 0o
o i i E 5 E e |2 L; % g = ) O . Structural
i— g -:E = Er ? ;-. 5 ?’ i § E ] © O ~— /L\IIEI]Ci):?:;ercial Groups Composite Lumber
E o B0 F 2|¢ B EIF 2o km { S
$ g 3(3 §g|;Fs[bo£@§5q @ S
sposwt | E ¥ 3 - | & § :|Es 8 - & I, = °
Besiogical Bulding Commareid Commeres | F 03 8 (2T § 3 x ; HEE + 2 3 i Tk 3 ch-’ O O
Botanical Kam e Cammarcial Kame Group Graup Spraesid [+ 5 E E ’ E E | 5 a E | s E 1= i ] ; - % ] - 0.90 - A Wood
AT BREITE Fir. Eainam [ 1 Braifi o 1 3| 1 L 1 1 L 1 1 t 1 © ’ N~ O Panels
Acsintne Mg, Reci K 1 1 S
Ao e AP s, St e ' ' =
(9]
REEd 2500 NS e, SuEny HHWEs i i
Netih abeghanbndts Bich Yk e I ? g O Light Frame Timber Frame — Hardwoods and
e g o . L S-P-F Mixed Species Solid Timber
BeiLi BBChIerD ERChFaper WEE-Tn [ W N hpenes 1 | 1 L 1
——— Bl O o 3 0.85 -
Compconicmny Hickary, e o, Bl T M 7
e gz PR W Y rite Mass Timber Scenarios (not
Foagart g arudrdia flench, &natican WHWLES Single Species (0,0) including MT)
p— 25, Whne —— a
lugtars rar W o oMy 1 1 1
L wlwizing (LR Lo 1 3 Tamy Hem:lam 1 1 I ! ] 1 ] 0.80-
Ll on b pieis Vel peg e LS T RETY 3 1 3 1 1 ] 1
| Spneer. Moy Sy ; WS M. Species 1 1 1 1 1 I 8I "'{I} f,-l‘{ ﬂl 8|
Fevagitara Cenre Whie Coroie 1 LT 1 1 1 1 L 1 i 1 1 L S o S ° -
Fawanaians Spnkce Bl Cor B0 i Bk ¥F 1 1 1 1 1 1 1 L ] 1 i
PAAANGG Speuch s CoeBor 2 R N Sk i 1 1 ! i 1 1 1 Functional Diversity
Poumresnma Fire R n 7 P i, Speciee 1 | | | ; :
Ponilgis P Pk fecr 1 1 1
P s shmibe Eru { e e f W P ) [ — . ; . .
Fealmeda P (abloly Con-Mn 2 eum 1 1 L L 1 | L
Popri grawientots  Sapen Byt Con- M1 Aagam it B s 1 1 1 1 1 1 X '
FPIpLE D hTRiselis AL e LHW-Ha Adpan ALY 1 i i i i i i i i
Frun s ea Oy Back WES-E4 1 1
Quersun slta Dla, mite, Hhite CHN-Dn 1 1
Qwmrun £ clrma Dlai, pach, 5 v Y- 1 1
e macicand - Caamhtr e 0N 4 1 1
e i e Ta, e, Mot - ’ 1 1
[ ST i) i, e, Bl T ] & : |
[T e e G, TS W il 1 DaCecae(dy M. Gpeces 1 | 1
THa et a Eatntat Tt v E
L3R AL Humion &, Eaviem : MEml He 1am
oty Pl p— i — - ' ' Forthcoming: Osborne et al (2026) Wood in

RESILIENCY AND ADAPTABILITY OF WOOD PRODUCT
CATEGORIES AND CONSTRUCTION APPROACHES

transition: diversifying wood construction to

cope with forest change



FUNCTIONALLY RESILIENT
FOREST-BUILDING SYSTEMS

Forest Management Wood Construction
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HARVEST RESOURCE AVAILABILITY AND DIVERSION
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Wood Construction Approaches

Adaptive /
Timber Frame

Light Frame Mass Timber

Figure 32 Avonaomerric section af different wood constriucion scemarias.

Table 5 - Wood consmuction approaches wsed I 1his sty

Functional
Scenario  Diversity - Wood Utilization - Wood Subassemblies
1a Light Low
Frame Low (100%) DL — SPF, WP - O5B
1b Light Medium
Frame Low { 100%) DL — All, WP — O5B/Plywood
2 Mass Low
Timber MT — CLT Single Species (a:black
(CLT) High (550%) spruce. b: balsam fir)
3 Timber High TF - DL - All, SCL - All, Hardwood,
Frame Medium (245%) Sohid-Sawn Timber

Forest-Building Index

1.00 A

0.75 +

BAU

CURRENT
WARM
HOT

BUILD

RESILIENT AND ADAPTABLE
FOREST-BUILDING RELATIONSHIPS

CCA FDN15 FDN25

A Mass Timber

Balsam Fir

Mass Timber
Black Spruce

Timber Frame
Mixed Species

Light Frame
All Commercial
Groups

wood approach
increasing wood volume demand

Light Frame
SPF

50
100

150

100
150
100
150
100
150

Years

Forthcoming: Osborne et al (2026) Wood in
transition: diversifying wood construction to
cope with forest change
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LAND-BASED FOR-
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ENHANCING FOREST CARBON SINKS
THROUGH FUNCTIONALLY ADAPTIVE WOOD
CONSTRUCTION
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SPECIES LEVEL FOREST
CARBON MODEL
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Figure 38 - System boundaries for wood prodiict carbon flows. The processes contained within the red dotted line are describe
the combined forest-building system and are tracked in the model. The forest ecosystem and upstream forest harvest activities are
developed in a previous study (Mina et al. 2022). The implementation of the model treats the “Leaves sawmill” and “Recycling
and reuse” processes as being outside the system scope but we have tracked the carbon pools throughout the study.. The figure
only includes the biogenic carbon contained within the wood

Forthcoming: Osborne et al (2026) Enhancing
forest carbon sinks through functionally adap-
tive wood construction



Roundwood Utilization Rate by Scenario and
_Construction Approach
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Figure 43 — Comparing the percentage of roundwood utilization by construction approach. 1 — Mass timber showed < 3% wood
utilization. 2 — Light frame approach with dimensional lumber and OSB utilized between 25-40%. 3 — The Adaptive approach
utilized the mast species and therefore had the highest utilization of §2-85% of roundwood. For more details on the construction
approach and species, see Section 5.3.3.

Forthcoming: Osborne et al (2026) Enhancing
forest carbon sinks through functionally adap-
tive wood construction



Total Species, Building and Ecological Group Carbon
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Forthcoming: Osborne et al (2026) Enhancing
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Net Carbon Fluxes by Scenario and
Construction Approach
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Figure 45 — Net carbon fluxes per hectare (kg C'ha) of wood in building describing what building and ecological groups will be
useable by each construction approach for the 190 vear simulation period. Top: BAU forest management and Current climate.
Bottom: FDN25 forest management and RCP 8.5 climate change scenarios shown. Note the different scale in the axis. The
adaptive approach is least affected by the increasing ecological diversity, and resultant building group diversity in the Extreme
scenario(bottom). In contrast, the light frame scenario declines by nearly half from it’s peak around year 50.

Total Wood in Building Carbon Pools by Scenario
and Construction Approach
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Figure 46 — Total carbon pools of wood in building per hectare (kg C/ha) showing the building and ecological group
composition of buildings constructed throughout the 190 year siimulation period. Top.: BAU forest management and Current
climate. Bottom: FDN235 forest management and RCP 8.3 climate change scenarios shown. The results illustrate a two to four
times greater building carbon pooling potential by adapting our current approaches to constriction (e.g. Light Frame). Note the
cumulative impact of the declining wood in building carbon pools around year 50 when the first demolitions occur in the model
and harvest rates begin to decline (see Figure 45).

Forthcoming: Osborne et al (2026) Enhancing
forest carbon sinks through functionally adap-
tive wood construction
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Wood co-products by
type (% mass flows)

Lumber I-lmist

;
o
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= Bark » Cff-spec

» Flanar shavings = Feeler cores

= Sawdust = Wood for hog fuel

= Pulp chips = By-products

= Trim ends = \eneer

a Chipper fines

Figrre 39 - Co-product ontpats of for seven wood product hpes stndied (%6 miass fows), Oriented Strard Board (QSB) stards
ot firom the omer woed products by hewving 79 3% af wood inpuars divected rowards the primary praduct I conmvast, dimensional
Irmiber fias the lowesr greantiny of wood divecred rovwards the wain producrs. See Table 7 for detailed inyforination. Sowrce: Arhena
Reports (ASMT 200 2a-d; 200 3e-c; 200 8a-c)

Forthcoming: Osborne et al (2026) Enhancing
forest carbon sinks through functionally adap-
tive wood construction




CURRENT CLIMATE AND BAU
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INCREASE LAND-BASED CARBON POOLING POTENTIAL OF
FUNCTIONALLY ADAPTIVE WOOD CONSTRUCT APPROACH
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Forthcoming: Osborne et al (2026) Enhancing
forest carbon sinks through functionally adap-
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FOREST-BUILDING LAB

Mission:

Synchronize forests and buildings as a coupled, adap-
tive system that increases ecological resilience, diversifies
timber economies, and expands land based carbon sinks

through trait based design, adaptive wood products, and
evidence based policy.
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WP1—Global Building Trait Library
(GBTL) establishes the foundational data
infrastructure: an open dataset of building
traits for 150-250 species—including com-
mon and underutilized resources—cross-
walked to ecological traits.

WP2—Forest Building Coupled Simulator
(FBCS) integrates forest dynamics, harvest-
ed wood product flows, dynamic LCA, and
resilience metrics (e.g., Functional Diversi-
ty/Redundancy, Harvest Resource Availabil-
ity, Forest Building Integration) into a user
facing toolkit. The simulator stress tests pol-
icies and procurement choices with uncer-
tainty bands and scenario discovery.

WP5—Carbon Pools & Cascading Co Prod-

ucts maximizes land based carbon storage by
channeling co products into long lived uses
(e.g., fiber insulation, panel cores, millwork,
furniture stock) and modeling reuse/recy-
cling and landfill dynamics with end of life

pathways integrated into regional scenarios.

WP9—Forest Building & Data Atlas pub-
lishes a public, versioned atlas that visualiz-
es harvest forecasts, trait layers, suitability
overlays, and FBI/HRI maps—linking WPs
1-5 to decision makers and facilitates region
fit wood construction.
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