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Seeking of balance from forests

“It should now be apparent that there is no
Inherent harmony among the various major
objectives sought in managing forests.”




Seeking maximum carbon benefit from forests ="

Urgency of climate crisis has broadened awareness and interest in
role forests play in capturing and storing carbon
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TOP 10 MITIGATION PATHWAYS WITH CO-BENEFITS

Natural Climate Solutions have the same impact on emissions as taking millions of cars off the road
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Seeking maximum carbon benefit from forests 3’"*{"

Recent Interest in Scientific Community Recent Public Interest

Scientific Papers Published on Forest Carbon
Web of Science Search (Forestry Mesolevel)
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Tradeoffs and Opportunities with Carbon




Forest Conditions Providing Highest C Storage E
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Increases as forests age
Sequestration continues, but stand-level
rates decline with age e

g LR

i ST

R o e ¥ LA TG AR B

10 A et £ L s YA RE T
0-400 Age of the forest in years

SHADE
INTOLERANT

T
e ', Al . ! ! ’."5- .
2 “', v T A ‘ 29| Ay | A
. ) i S Thne S \ g i. ] 24
4 30 o " .c“,‘{"' "il,'-%f_‘ "w\g,r'“' - .’:“\'.'. I
) Tinday! u, | (AR ' . Lo ’V‘ \ 3 *
’ ~ ; GRS }“v:¢ LR L e S
’ Changes in carbon storage over time. LT E A ,,t« il RN,
The darker the brown, the more carbon storage. e }J i *"'f ALl | '3 )
S e ’iib i g M ‘
Changes in carbon sequestration over time. o P -":t- o E ’:-_'; A i w4
The darker the green, the more forest level o3 .I;"‘ W ,—S fa f’v( | 4 ol
carbon sequestration. ,%’ k2 1 ¥ 1 iy i 81 o
- = W —
- e T e LAl R | bl
Changes in tree species 354 T ML \ .‘; ol ‘?%"‘ i G
. oa= ) »! - 14 Y. . R 4 o :
e T8 over time. The darker the yellow, the more B il e ABPERE Y RY R "ffég "
likely shade-tolerant trees (e.g., hemlock, 49 CJ.‘-& I A \ Sl i
] s » - {M’ SO

sugar maple, and beech) are to be

\
competitive. - é & 2
> ‘ 4 R e
%

o NS T, Y PREN x 2
Catanzaro and D’Amato (2 ‘E‘vﬂrt‘ Ar SRl "‘ :



e,

Forest Conditions Providing Highest C Storage &%

General structural conditions Lewis et al. (2013)
assoclated with high carbon storage
include:

« High overall live tree stocking
High large tree stocking
« Abundant deadwood
High structural complexity

°
AGB, Mg dry mass ha™!
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Values & Functions Provided by High Storage

+ Many values and functions associated with later successional

forests are satisfied by stands with high carbon storage:
* Breeding habitat for bird species associated with mature forests
 Cultural and spiritual values tied to old trees and late-seral flora
* Water storage
* Thermal buffering
« Habitat for dispersal limited taxa
« Multiple recovery and developmental pathways (in complex, old forests)
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Wood et al. (2013) Canopy tree basal area (ft’ /acre) S !
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Values & Functions Provided by High Storage

Higher carbon stocks do not automatically equate to high—: l'
ecologlcal compIeX|ty (or old-growth condltlons) _
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Species Dependent on Young & Woodland Habitats &wt"

« Restoration or maintenance early successional forest or woodland conditions reduces
overstory live tree densities to sustain declining, threatened and endangered taxa

| Decenber X Accepied: 1] & B
https //conbio.onlinelibrary.wiley.com/doi/full/10.1111/csp2.12631
e e e WILEY

ESSAY

Identifying trade-offs and opportunities for forest carbon
and wildlife using a climate change adaptation lens

Caitlin E. Littlefield' © | Anthony W. D'’Amato’

Habitat to be Habitat Stand-level | Habitat and | Risk of carbon | Enhanced

restored and quality carbon wildlife release from | resilience

maintained for focal | storagein species severe and adaptive
species trees diversity disturbance capacity

Early successional
n. hardwoods

Tallgrass aspen
parklands

Oak
savanna

Pitch pine-scrub
oak barrens

Stand-level effects

Landscape-level effects




Stock Size versus Stock Resilience

* Long-term stabllity of forest carbon benefits requires consideration of factors

conferring resilience in dynamic systems
— Many carbon stocks in vulnerable state due to high live-tree stocking and absence of complexity

Relative density of forests across conterminous US Relative frequency of stocking conditions
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Stock Size versus Stock resilience

Tﬁ-»m"

» High carbon stocks incentivized by carbon market baseline standards may
encourage forest densities more vulnerable to carbon losses to mortality

SWilLow

SW/High

HW/Low

HW/High

Mortality in stands based on carbon

market baseline standards
o Does not meet standards I Meets standards
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AG C Annual Mortality (Mg CO,, ha'yr")
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Stock Size versus Stock Resilience

Density management to reduce drought impacts

Fort Valley EF, AZ Black Hills EF, SD
P/PET=0.51 P/PET=0.68

y =0.21 -0.25x y = 0.94 -0.84x
2=050 | 1 . R*=044
P =0.006 P <0.001
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Stock Size versus Stock Resilience B i

Restoration of woodland conditions and fire represents tradeoff between short-

term loss and long-term resilience
Hurteau et al. (2016)

Control, WF (Prob. 0.02)

~ " Thin only, WF (Prob. 0.02)
Thin and bum, WF (Prob. 0.02)
Control, WF (Prob. 0.01)

*  Thin only, WF (Prob. 0.01)
Thin and burn, WF (Prob. 0.01)
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Southern pine beetle (SPB) detection in northeastern
pine barrens (2015-2016)

SPB Detected (2015-2016)
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Pilch Pine Distribution




Stock Size versus Stock Resilience
SPB Hazard Rating Model (Jamison et al. 2022)

a. Loamy soil a. Sandy soil
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Stock Size versus Adaptation Options 3"&‘-‘%‘

* Many strategies for increasing adaptive capacity entalil restdring
and/or increasing the structural and compositional complexity of

forest simplified by past land use

* Increasingly include regeneration of “future-adapted species”
 Most are large gap specialists (not high carbon stock specialists)

}’ E 4 Shade tolerance of current and
Tt future-adapted species

2 3
Shade Tolerance



Stock Size versus Adaptation Options
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Additional Ecological and Cultural Considerations B

Emphasis on preserving “mature stands” for carbon may reduce options for
actively restoring old-growth forest characterlstlcs and oId forest benefits

Passive Pathway to Old Forests

Large-tree benchmark
Age of many conditions reached
forests in
New England
and New York

90 100 110 250+

FOREST AGE (YEARS)

Active Pathway to Old Forests

Large-tree benchmark
Age of many Old-growth conditions reached
forests in characteristics
New England develop primarily
and New York through active characteristics ti
,—»ﬁ management managemen

90 100 110 1« 150

FOREST AGE (YEARS) D’Amato and Catanzaro (2022



Additional Ecological and Cultural Considerations ="
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Additional Ecological and Cultural Considerations *

« Honoring and applying Indigenous burning practices to address current
threats, conserve biocultural diversity, and maintain traditional knowledge,
values, and goods should supersede singular carbon stock focus

Example of desirable conditions in a stewarded black oak grove Desirable effects of
cultural burning
Tribal cultural burn in blue oak woodland
control of wildfires and use of intentional fire R PO B U AT TR R R
« Promoting the survival of large, old oak trees ‘ : ' ¢
that produce the most acorns and form large
cavities for wildlife
Promoting broad crowns and open stands
with grassy understories by inhibiting
overtopping by conifer trees
Maintaining low branches by keeping flame
lengths low
» Rejuvenating young oak sprouts and other
plants consumed by deer
Reducing incidence of filbert weevils and
filbertworms that infest acorns
» Making gathering more efficient by clearing
the ground
* Enhancing safety for harvesting families by
removing dead branches and promoting £
more open forests : S
* Stimulating production of edible mushrooms PhOtO: J R Long
* Increasing moisture availability to adjacent ’
meadows

Long et al. (2021)



Local Carbon versus Local Consumption

The lllusion of Proforestation?
« Local carbon preservation, Global wood consumption

2019 Wood Consumption and Removals

1600000 Total Aboveground
: Carbon (Mg/Ha)
mmm Consumption ® 0.5

1400000 1 === Removals O 2550
45% of O 50-75

consumption © 75-100
@ 100-125

1000000 - met by other

region

1200000 -

800000 -
-93%
600000 - +187%

400000 -
-91%

200000 -

I I -33% 920 3% ? ey oL 50 miles
0 ID I 1 I||_| . IID

Littlefield et al. (in prep) , P ot ol (2017



Example
Trade-offs

25%-50%
as legacy trees

* Cut and/or girdle
other trees to
create gaps,
diverse tree sizes, * Leave

logs

NO snags, and 25%~50%
EARET downed logs as legacy trees
* Thin to create * Harvest using
MANAGEMENT larger trees group selection
o L " to create gaps
e trees and diverse tree 1095-2595
-y * Costto * Cut and leave l-lamstusln
s landowner cull trees in the forester’s g
E woods to create mommndqd
&k downed logs metnod
.= » Thinto create  JERGTET AT eS0T =
i g S, larger trees mm in t‘h:‘ ::gacy tree:s : e, S \
it e : s to create  + Harvest using —
i § P downed Ioos forester’s

| [ + Sell harvested Jenminended
Ieg_,s- :
» Sell harvested
logs
PASSIVE ACTIVE OLD-GROWTH RESTORATION

PRIMARY OBJECTIVE COMPLEMENTARY OBJECTIVE RELATED OBJECTIVE



Attempting Balance: Landscape Mosaics &

* We can't satisfying all objectives in every forest stand (something reco-gh‘ized‘
decades ago in relation to biodiversity conservation)

* Current emphasis on local preservation for carbon and outsized reliance on
wood from plantations is removing key middle ground for adaptive and
ecological silviculture to meet diverse objectives

The TRIAD Concept of Forest Land Allocation
B . v 'i‘\" {7 P

New Forestry in Eastern
Spruce-Fir Forests: Principles and
Applications to Maine

Je




Attempting Balance: Landscape Mosaics

« Conservation and management approaches that emphasize diverse and
ecologically complex landscape conditions are critical for maintaining mosaic
that sustains species, processes, and values over the long-term

« Landscape balance (vs. bifurcation) requires an improved public understanding
of critical role management plays in supporting cultural values, wildlife, carbon,
and adaptation

Ground Normalized LiDAR Point Height (m)

10 15 20




Conclusions

 Emphasis on tradeoffs, but many co-benefits exist with forest carbon
management and adaptation if approached through the multi-objective lens
historically used for forest stewardship

« Climate change is a global issue. Need to account for impacts of efforts to
maximize carbon in one’s backyard (or state) while continuing to consume

wood products at current rates
« Locally embrace passive adaptive strategies for resilient, equitable forest carbon
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