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ARTICLE INFO ABSTRACT
Keywords To achieve the objectives of the Paris Climate Agreement, a significant reduction in carbon dioxide emiss
Climate change needed, a5 well as increased removals by carbon sinks. In this context, we argue that Climate-Smart Forest
Mitlgation necessary, but still missing component in national strategies for implementing actions under the
'ﬂﬁ?'é‘m Agreement. Climate-Smart Forestry is needed to (a) increase the total forest area and avoid deforestatic
paley cannect mitigation with adaption measures to enhance the resilience of global forest resources, and (c) use

for products that store carbon and substitute emission-intensive fossil and non-renewable products and

rials, Successful Climate-Smart Forestry has impartant policy implications on finding the right balance be
short and long-term goals, as well as between the need for wood production, the protection of biodiversi
the provision of other important ecosystem services. CSF thus can provide important co-benefits that ¢
creasingly being recognized as essential for sustainable well-being.

1. Introduction

The Paris Agreement requires major societal and economic reforms
to ensure that the global average temperature remains below 2 °C pre-
industrial levels. Achieving this target requires a significant reduction
in gross anthrapogenic carbon dioxide (CO;) emissions and an increase
in human and biosphere carbon sinks (Rockstrém et al,, 2017). Forests
and forestry can play an important role in this context; reducing de-
forestation and forest degradation lowers greenhouse emissions, forest
management can maintain or enhance forest carbon stocks and sinks
and wood products can store carbon over the long-term and can sub-
stitute for emissions-intensive materials reducing emissions (IPCC
2019).

‘Natural climate solutions” (Griscom et al., 2017) have been suggested
as important means to mitigate climate change that can contribute up
to 37% (23.8 Pg CO; eq. yr~') of the required global emissions re-
duction by 2030. Approximately two-thirds of the total mitigation po-
tential from these natural climate solutions could be achieved through
storing carbon in forest ecosystems (Griscom et al., 2017). However,
only storing carbon in forest ecosystems ignores three important issues.
Firstly, such a strategy mainly provides benefits until the sink saturates
and ignores the many other functions that forests fulfil (Nabuurs et al.,
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2013). Secondly, storing carbon in forest ecosystems is not free of
many existing climate impact studies suggest an increasing risk
natural disturbances (Seidl et al., 2017) and render such strategie
successful (Seidl et al, 2014). A successful mitigation strategy
consider adaptation measures to ensure the resilience of forest e
tems (Schoene and Bernier, 2012). Thirdly, a mitigation strategy
only emphasizes storing carbon in forests also disregards the u
need to decarbonize the global economy. Under existing trends, §
resource extraction for biomass, fossil fuels, metal ores, and mine:
estimated to increase from 84 to 184 billion tons per year between
and 2050, which is associated with a 41% increase in greenhous
emissions (Hatfield-Dodds et al., 2017). In this context, forests, 1
are the primary source for non-food and non-feed renewable biok
resources globally, play an important role and should therefore ¢
setaside for storing carbon only. Emerging technologies provid
precedented possibilities for using wood to produce a new range o
based and renewable solutions that can replace fossil-intensivi
non-renewable products, such as construction, chemicals, textil
plastics. Therefore, a forest management that ensures a conti
sustainable flow of woody raw material s also crucial to mitigal
mate change.
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Abstract: We simulated Austrian forests under different sustainable management scenarios.
A reference scenario was compared to scenarios focusing on the provision of bioenergy, enhancing
the delivery of wood products, and reduced harvesting rates. The standing stock of the stem biomass,
carbon in stems, and the soil carbon pool were calculated for the period 2010-2100. We used the
forest growth model Caldis and the soil carbon model Yasso07. The wood demand of all scenarios
could be satisfied within the simulation period. The reference scenario led to a small decrease of the
stem biomass. Scenarios aiming at a supply of more timber decreased the standing stock to a greater
extent. Emphasizing the production of bicenergy was successful for several decades but ull
exhausted the available resources for fuel wood. Lower harvesting rates reduced the standing stock of
coniferous and increased the standing stock of deciduous forests. The soil carbon pool was marginally
changed by different management strategies. We conclude that the production of long-living wood
products is the preferred implementation of climate-smart forestry. The accumulation of carbon in
the standing biomass is risky in the case of disturbances. The production of bioenergy is suitable as a
byproduct of high value forest products.

imately
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1. Introduction

Central European forests are currently a sink of greenhouse gases. The growth rate of forests has
been increasing for decades because of nitrogen deposition, elevated concentrations of carbon dioxide
(CO;) and higher temperatures [1,2]. In addition, due to abandonment of marginally productive
agricultural land in low elevation areas and the expansion of mountain forests beyond the previous
upper timberline, the forest area has increased [3,4]. New young forests have a high growth rate and
comprise an effective sink for carbon. Forestry is the only sector of the economy that acts as a net
sink for CO,. Terrestrial ecosystems in Europe already sequester 7% to 12% of the anthropogenic CO;
emissions, even though the potential of forests is not fully utilized [5-8].

Historically, Austrian forests have emerged from a low level of forest area in the 19th century.
A growing population had required the expansion of agricultural land. High elevation forests were
cleared and converted to pastures. This land-use change soon triggered soil erosion and increased
the risk of damages from flooding and avalanches [9]. As an immediate mitigation measure a policy
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Pan-European sustainable forest management indicators for

assessing Climate-Smart Forestry in Europe!

G. Santopuoli, C. Temperli, I. Alberdi, I. Barbeito, M. Bosela, A. Bottero, M. Klop¢
P. Panzacchi, and R. Tognetti

Abstract: The increasing demand for innovative forest management strategies to adapt to :
benefit forest production, the so-called Climate-Smart Forestry, calls for a tool to monitor and e
their effects on forest development over time. The pan-European set of criteria and indicators fc
is considered one of the most important tools for assessing many aspects of forest managem:
offers an analytical approach to selecting a subset of indicators to support the implementation
on a literature review and the analytical hierarchical approach. 10 indicators were selected tc
and adaptation. These indicators were used to assess the state of the Climate-Smart Forestry t
using data from the reports on the State of Europe’s Forests. Forest damage, tree species compo
‘most important indicators. Though the trend was overall positive with regard to adaptation a
partly hindered by the lack of data. We advocate for increased efforts to harmonize intern:
integrating the goals of Climate-Smart Forestry into national- and European-level forest polic

Key words: silviculture, adaptation, mitigation, forest inventory, forest damage.

Résumeé : La demande croissante pour des stratégies innovantes en aménagement forestier, d
changement climatique et de 'y adapter tout en ayant un effet positif sur 1a production des for
intelligente face au climat, exige un outil pour le suivi et I'évaluation de Ia mise en euvre de o
développement de la foresterie dans le temps. L'ensemble paneuropéen de critéres et d'inc
forestier durable est considéré comme un des outils parmi les plus importants pour évaluer plu
forestier et sa durabilité. Cette étude offre une approche analytique pour choisir un sous-ei
supporter la mise en ceuvre de la foresterie intelligente face au climat. Sur la base d'une revue
analytique hié e, 10 ont été ur évaluer plus

d'adaptation. Ces indicateurs ont été utilisés pour évaluer I'état e la tendance européenne en
face au climat de 1990 2 2015 A I'aide de données provenant de rapports sur I'état des foréts eur
foréts, la composition en rspcm arborescentes et le stock de carbone étaient les indicateurs
tendance ait été dans I V'adaptation et I soné
par e manque de données. Nous recommandons d'augmenter les efforts visant & harmonis:
présentation des rapports et d'intégrer davantage les objectifs de la foresterie intelligente fact
politiques forestiéres  I'échelle nationale et européenne. [Traduit par la Rédaction]

Mots-cés : sylviculture, adaptation, atténuation, inventaire forestier, dommage causé aux foré
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NATURE-BASED SOLUTIONS FOR A CHANGING WORLD

Review

Improved forest management as a natural climate solution: A
review

Lilli Kaarakka'* | Meredith Cornett’ | GrantDomke® | Todd Ontl® |
Laura E. Dee”
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Management and Environmental 5<iences. Abstract

California Polytechnic State University, San

1. Matural climate solutions (NCS), a set of land management, conservation and
Luis Obispo, California, LSA

restoration practices aimed at mitigating climate change, have been introduced as
cost-effective strategies to increase carbon (C) sequestration in terrestrial ecosys-
tems. Improved forest management (IFM) has been identified as one NCS for work-
ing forests with substantial climate change mitigation potential. However, there is
adisconnect between the policy and carbon markets context and the scientific evi
dence for verifiable C benefits. Further, forest soil C—the largest forest C pool—has
largely been rent forest i t been
included in the IFM discourse.

* Department of Ecology and Evolutionary
Biolagy, University of Colarado Boulder.
Boulder, Colorado, USA

The Nature Conservancy in MN/ND/SD,
Duksth, Minnesota, USA

“USDA Forest Service, Northern Research

Station, St. Paul, Minnesota, USA

* Morthern Institute of Applied Climate
Science. Michigan Technological University,

Houghtan, Michigan, USA

and has

2. Herein, we assess the evidence for the potential of specific IFM practices to
m';r Kk _';:mem Netural sequester C in live forest vegetation and store it in both live and dead organic mat-
Resources Management and Erviconmen- ter, and forest soil. We review IFM approaches that can enhance forest C storage,
tadSciences, California Polytechaie State .
University, San Luis Obisgo, CA 93407, USA. and links to best management practices and silvicultural systems to offer guidance
Email lkaarakkicalpoly edu for practitioners and researchers in the Great Lakes region of the United States.
[ Finally, we discuss the current challenges and oppartunities in including soil C in
Wialter Ahistrom Foundations Finnish Cultural forest C and
Foundation (Suomen Kulttuurirahasto
Handling Editor: Marc Cadotte KEYWORDS

carbon forest carbon, forest land use,

land management, natural climate solutions, silviculture, soil carbon

1 | INTRODUCTION and other ecosystem services. Of the NCS activities identified. forests
pathways for NCS, in particular reforestation, avoided farest conver-
sion and anag pol tacan-

tribute as much as 50% of the total C sequestration possible through

Land management strongly affects the ability of ¥ to

sequester and store carbon (C). Natural climate solutions (NCS), a set

18: Griscom et al.

of land management. conservation and restoration practices aimed  NCS globally (Fargiane et al, 7). For example,
at mitigating climate change, have been introduced as cost-effective
tools that increase C sequestration in terrestrial ecosystems [Fargione

et al, 2018; Griscom et al, 2017), while also sustaining biodiversity

i 2018, forests in the conterminous United States sequestered 211
Tg C (774 Tg of carbon dioxide), offsetting 11.6% of the total annual
the United States (EPA, 2

To date.

greenhouse gas emissions

This s ar o accos avtiche onder e b of te
the original work s progerly
©2021 The Authars. Ecological Solutians and Evidence pulslished by John Wiley & Sons Lid on behalf of British Ecological Saciety

Ecol Solut Evid, 2021:2:212090 wileyonl

Climate smart or natural climate solutions for forests have been proposed but rarely
assessed for feasibility at large scales



Overview

Mean % change in annual preciptation from current climate normals
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Mean % change in annual temperature from current climate normals
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Legend Forest system Potential impacts  Adaptive capacity = Vulnerability Evidence Agreement

D 0-55% Central hardwood-pine Neutral-Positive Moderate-High Low Medium Medium-High

:] 55-125% Low-elevation spruce-fir Neutral-Negative Moderate Moderate-High Medium Medium

D 125-195% Lowland and riparian hardwood  Positive and Negative  Moderate-High Moderate Limited Limited

- 105 =anlin Lowland mixed conifer Neutral-Negative Low-Moderate  Moderate-High  Limited-Medium Medium
Montane spruce-fir Neutral-Negative Moderate Moderate-High Medium Medium
Narthern hardwood Positive and Megative  Moderate-High Low-Moderate Medium Medium
Pitch pine-scrub oak Meutral-Positive Moderate Low Medium Medium
Transition hardwood Positive and Megative  Moderate-High Low-Moderate Medium Medium-High

Janowiak et al. (2018)

Climate is expected to be warmer and wetter with implications for both forest productivity and composition



Relative density trends in the US
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50°N - 50°N -

45°N -

ek > - ;
0 "M 2 . con s Voind
Ry, Hiasl, L : ..
v . 2o AR 0, % :
. v T O PR o 3
R " e v . - S
TR s oS
A\ g 7 ref v o
o AR St
. v ¥ &' L3 ]
- -
T L Jios"! P
: : A .~ p
. . a~ D oo ¥
. .
b B ? P
i - : R
g% % 'T
1, < 2. SN TS . ‘
o ~ 5 AL S
3 . v YRS - o e V. ST RN g S i
= ” v S 2k N
i i T "B R S o
‘ " *
5. G % B canets ke
< - VTSI * J
foi ¥ 1 T R g
- 3y o &
.
5

40°N -

: % A (; A ) el : :
35°N - | '.'f,_& L) “"" )
300N o w SOON >
25°N - ' )

120°W  110°W  100°W  90°W  80°W  70°W 120°W  110°W  100°W  90°W  80°W  70°W

CW Woodall, AR Weiskittel (2021). Relative density of United States forests has shifted to higher levels over last two decades with important
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Relative density trends in New England

1999-2012 2013-2020

0.00 0.25 0.50 0.75 1.00

23% of Maine’s forests are now outside the target ‘medium’ RD zone, up from 2% in 1999-2012




Carbon conundrums: Do United States' current carbon market
baselines represent an undesirable ecological threshold?

Anthony W. D'Amato’ ® | Christopher W. Woodall>©® | Aaron R. Weiskittel> ® |
Caitlin E. Littlefield*® | Lara T. Murray’

Basal Area

SW/Low
SW/High
HW/Low
HW/High
0 10 20 30 0.0 2.5 5.0 7.5 10.0 0 10 20 30
AG C Gross Sequestration (Mg CO, ha"yr") AG C Annual Mortality (Mg COe ha'1yr'1) AG C Net Sequestration (Mg CO, ha'1yr'1)

Condition | Does not meet standards Meets standards

Current baselines based on basal area result in increased annual mortality and similar net
sequestration rates as forests that do not meet the standard



e

SDASHBOARD

14

STRATEGY E

Protect Maine’s Environment

and Working Lands and Waters:
Promote Natural Climate Solutions
and Increase Carbon Sequestration

Climate change and development are harming Maine’s
natural and working lands and waters, whicharckey to
the state achicving its carbon neutrality commitment
by 2045. Protecting natural and working lands from
development maintains their potential to draw back
carbon from the atmosphere, as well as provide import-
ant co-benefits. Maine’s coastal and marine areas also
store carbon, while supporting our fishing, aquacul-
turc, and tourism industrics.

Protect Natural and
Working Lands and Waters

Increase by 2030 the total acreage of
conserved lands in the state to 30% through
voluntary, focused purchases of land and
working forest or farm conservation ease-
ments.

Additional targets should be iden-
tified in 2021, in partnership with
stakeholders, to develop specific
sub-goals for these conserved lands
for Maine's forest cover, agriculture
lands, and coastal areas.

Focus conservation on high biodiversity
areas to support land and water connectiv-
ity and ecosystem health.

Revise scoring criteria for state conservation
funding to incorporate climate mitigation
and resiliency goals.

Develop policies by 2022 to ensure renew-
able energy project siting is streamlined
and transparent while seeking to minimize
impacts on natural and working lands and
engaging key stakeholders.

MAINE WON’T WAIT

Develop New Incentives
to Increase Carbon Storage

DEP will conduct a comprehensive, state-
wide inventory of carbon stocks on land
and in coastal areas (including blue carbon)
by 2023 to provide baseline estimates for
state carbon sequestration, allowing moni-
toring of sequestration over time to meet
the state's carbon neutrality goal.

Establish by 2021 a stakeholder process to
develop a voluntary, incentive-based forest
carbon program (practice and/or inventory
based) for woodland owners of 10 t0o 10,000
acres and forest practitioners.

Engage in regional discussions to consider
multistate carbon programs that could
support Maine's working lands and natural-
resource industries, and state carbon-
neutrality goals.

Expand Outreach to
Offer Information and
Technical Assistance

Increase technical service provider capacity
by 2024 to deliver data, expert guidance,
and support for climate solutions to commu-
nities, farmers, loggers, and foresters at the
Department of Agriculture, Conservation
and Forestry, Maine Forest Service, Depart-
ment of Inland Fisheries and Wildlife, the
Department of Marine Resources, and the
University of Maine.

Launch the Coastal and Marine Information
Exchange by 2024.

Enhance Monitoring and
Data Collection to Guide Decisions

Establish a “coordinating hub” with state
and non-state partners for key climate-
change research and monitoring work to
facilitate statewide collaboration by 2024.



Maine’s First Statewide Carbon Budget
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Maine’s Managed Forest Captures Carbon

Carbon Pool % of State’s Annual Fossil
Fuel Emission

Transportation
Emissions Forest Uptake

Urban Forest

(o)
Forest carbon stocks + annual 60% Ok EssEl
growth Fuel and Waste
Emissions
Agricultural
Forest products 15% Emissions

Total forestry sector 75%

Net Land Sink 78% N Yo © FLUXES
STOCKS

https://crsf.umaine.edu/forest-climate-change-initiative/carbon-budget/



GHGs / Forest C (MtCO2e/yr)
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% GHG removal has increased over time yet primarily driven by forest condition and composition

Gross GHGs Removed by Forest Sector (%)



Percent GHG removal Rank by State (2008-2018 Average)
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Maine is in the top 5 in the US for % GHG removal by forests



Center for Research on Sustainable Forests’ Natural Climate Solutions Initiative

THE UNIVERSITY OF

Natural Climate Solutions (NCS) Initiative

The FCCI Natural Climate Solutions (NCS} Initiative was formed to evaluate the potential of
alternative NCS to decrease greenhouse gas (GHG) emissions through managementin forestry
and agriculture. Alternatives include reforestation, planting of fast-growing tree species, and
extended rotations in forests as well as no-till cultivation, cover cropping, and capturing methane
from manure on farms. In particular, researchers are assessing land management strategies for
Maine's farms and working forests that will optimize future carbon sequestration rates and how

the price of carbon influences the outcome.

The recently released Final Report highlights the cost and effectiveness of various NCS

approaches compared to standard business-as-usual practices.

The Maine NCS Initiative project seeks to:
(1) assess current practices to determine the degree to which foresters and farmers are Download Report PDF
using NCS;
(2) determine the most cost-effective NCS for Maine;
(3) understand key barriers to adopting NCS; and

(4) generate information about which practices can be implemented on a broader scale.

Stakeholder-engaged research and implementation effort



Center for Research on Sustainable Forests’ Natural Climate Solutions Initiative
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Integrated and linked biophysical & economic modeling framework

Scenario + Policy Inputs
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No-till from Reduced | 13,994

Mulch | 14,103

No-till from Intensive = 14,933 Carbon Price
Reduced tillage | 15,205 B > $100/tCO2e

Cover Crops | 24,161 | |$100/tCcO2e

Riparian Buffer 1 39,805 3501CQ2e
Amend w/ Manure 41,243 $25hcO2e
Convert to Perennial 55,751 Elis101coze
Dairy Manure Mgmt 144,132
Biochar 367,088
Avoided Forest Conversion 1,101,003
Afforestation 759,617
35% CC, plant, 20% set aside 3,061,775
35% CC, plant, 10% set aside 2,717,633
20% set-aside 1,059,718
10% set-aside 446,478
50% CC, plant 3,487,249
35% CC, plant 2,450,892
50% Clearcut (CC) 135,279
35% Clearcut (CC)
Min 100 years 746,175
Min 85 years

Agriculture

Maine Forestry and Agriculture Natural Climate
Solutions Mitigation Potential

Forestry

THE UNIVERSITY OF

JMAIN ‘ 0 1,000,000 2,000,000 3,000,000 4,000,000
GHG Mitigation (tCO,e/yr)

Figure 1. Summary of Maine NCS mitigation potential (tCOze/yr) and break-even carbon price (5/tCO2e).

Mixture of forest management approaches achieved highest mitigation potential with modest carbon prices
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Forest Carbon for Commercial Landowners
PROJECT PROSPECTUS

Forest Carbon for Commercial

Landowners Project (FCCL)

March 1, 2021

In August 2020, a small group of forest landowners, scientists,
philanthropists, conservationists, and others began meeting

FCCleSteering Gommittee monthly to explore the question: Can large commercial forest
landowners in Maine store more carbon in the forest and in
forest products while maintaining harvest rates? And if so, how
might changes in landowner behavior be incentivized?

Without presuming the answer to this first question, the group

“Can Northern Maine’s Commercial Forests
Store More Carbon Without Reducing = Gscussions ensacd g el o 2070, o Neveber e

group concluded that a more structured and thorough analysis
?” il Mete would be required to answer these questions in a way that
H a rve Sts H OBEIY might influence policy and/or carbon markets." This document
outlines the research questions that the group identified as
priorities, including a proposed governance structure and a
timeline for getting this work done.

WHY DOES THIS WORK'MATTER?

Tom Walker, Te First, Maine has set a policy goal of reaching carbon neutrality
: H Greg Adams, Ir¥ing by 2045. Maine is an unusual state in that it has a low human
A study led by Tom Walker and Adam Daigneault (UMaine) Mk Bt B o o e A

Rich Birdsey, WA S g,
Kyle BurdickiBagkah result;-Maine’s 17.6 million acres of forest already sequester the

Adam Daigneault B equivalent of about 60-75% of the state’s greenhouse gas

Alec Giffen, NEFFE  § emissions. Some 10 million acres of this forest are managed by
large commercial forest landowners. Our group is intentionally
focused on large commercial-forest lands because of economies
of scale, and because, to date, the existing carbon markets have
only enrolled about 3.5% of this commercial forest landbase.
Other new initiatives are more focused on carbon incentives for

_ smaller land ownerships of 10,000 acres or less. Could the

o




LANDIS-II forest landscape model

[ Project Study Area
I Approx. Extent of the Northern Forest




LANDIS-II forest Iandscape model

] Project Study Area
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Figurative example of the cell-based system used by LANDIS-II.
Stands are formed by groups of like cells
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Intelligent GeoSolutions Research Team

Kasey Legaard

Remote Sensing

Erin Simons-
Legaard

Landscape Ecology
erin.simons@maine edu

SFR Faculty webpage

Aaron Weiskittel
Forest Biometrics
kaseylegaard@maine edu aaron weiskittel@maine edu

SFR Faculty webpage

IGS Resources

® Northeast Forest
@ Information Source

Intelligent GeoSolutions Overview: Presentation at land cover mapping workshop, August 14, 2019.

Mapping Maine's Land Cover: A New Approach. Position paper on the how a next-generation land cover mapping project for the state of
Maine be approached as a partnership between state and federal agencies, the University of Maine, and other private stakeholder
organizations.




Model initialization

FIA plot (+ location
error), superimposed
over 30 m pixels:

[ Project Study Area
I Approx. Extent of the Northern Forest

Figurative example of the cell-based system used by LANDIS-II.
Stands are formed by groups of like cells.



Model initialization

[ Project Study Area
B Approx. Extent of the Northern Forest

Species with relative abundance > 10% biomass:

e Balsam fir e Sugar and Red maple
* Red, white, black spruce  E. Hemlock
* E. White pine * American beech
* N. White cedar * Yellow birch
e Paper birch

White ash




Model initialization

Balsam Fir
(% live biomass)

' 100%

0%

[ Project Study Area
B Approx. Extent of the Northern Forest

I Non-forest

Species with relative abundance > 10% biomass:

e Balsam fir e Sugar and Red maple
* Red, white, black spruce  E. Hemlock
* E. White pine * American beech
* N. White cedar * Yellow birch
e Paper birch

White ash



Model initialization

Balsam Fir
(% live biomass)

. 100%

0%

[ Project Study Area
I Approx. Extent of the Northern Forest
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Figurative example of the cell-based system used by LANDIS-II. Public FIA plot locations shown: True plot coordinates provided-through a
Stands are formed by groups of like cells. collaborative agreement with the USFS Northern Research Station FIA

Program.
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Disturbance history

across a diverse ownership
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Disturbance history

across a diverse ownership
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Initial Carbon Density

Live
Aboveground
Carbon ca.
2010

Cgm-2

[ Jo-750

[ | 751-1500
] 1,501 - 3,000
I 3,001 - 4,500
B 4501 - 6,000

- 7,976

White spruce

Black spruce



Landscape simulation

of current disturbance regime

Harvest
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Landscape simulation

of current disturbance regime




Landscape simulation

of current disturbance regime




Large area application

assuming recent climate and harvesting trends
Without harvest

Project Study Area
I Approx. Extent of the Northern Forest
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Climate-smart adaptation strategies

e Extend rotation

e from 50 to 100 years
* Change partial harvest silviculture

* to repeat light/moderate thins
* Increase even-aged management

e percent harvest by clearcut
* Increase plantations

* plant spruce in clearcuts
* Increase setasides

* to 20% of the landbase

Py Softwood - Water/N onforest
- Mixed
Setasides
M ardwood -



Climate-smart adaptation strategies

e Extend rotation

* Change partial harvest silviculture
* Increase even-aged management
* Increase plantations

* Increase setasides

Tg Total Biomass - Live + Harvested

450.00

400.00

350.00

300.00

250.00

200.00

150.00

100.00

50.00

—Extend rotation
Increase planting
- —|ncrease setasides
Change PH silviculture
—Switch to even-aged

—Business as Usual

2010 2020 2030 2040 2050 2060 2070



Tradeoffs
ca. 2070
Relative to BAU

Reduction

Increase

ategies

. usgs.gov

Scenario

Total harvest

Late-Successional Forest

Spruce-Fir N. Hardwood

Lynx habitat

Marten habitat

Extend rotation

Change PH silviculture

Increase even-aged management

Increase plantations

Increase setasides




End product effects on carbon
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Li et al. 2022. Technological advancement expands carbon storage in harvested woods products in Maine, USA. 207
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Current challenges P——

Long lasting pulp products: 0.195

e INntra- and inter-model
uncertainty Saioge. 1 065

Landfill: 0.410

o Interactive effects of climate
change

o Availability of robust economic Total Harvest: 2616 Energy use: 0.989
data and pricing forecasts

« Changing policy and potential Puiplogs: 1550
market demands

Decay (no use): 0.772

o Technological advances in

harvesting & transport
Maine 100-yr HWP C Flow (MtC)



Summary

Tradeoffs associated with different

climate-smart management ﬁ —
St ra te g i e S Remote sensing : Forest growing potential ; Government
=
Mixture of management methods == .
. . . . redictors: ' ana managers
(intensive, extensive, conservation) cmewisee g
is most effect in complex @;%ﬁ @
R[> :
landscapes _ s
Forest models . E NGOs
((? .. Risks to forest '. |r|]]Eg
Incentives (policy/financial) may be ... Componic

necessary for implementation

Anderegg et al (2020)
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Questions?

Aaron Weiskittel Erin Simons-Legaard
aaron.weiskittel@maine.edu erin.simons@maine.edu



