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“Sylvicultura Oeconomica,” ( Carl von Carlowitz 1713) which
described “the sustainable management of forest resources.

”



Not a lot of sustainable forest management in the US historically
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Each dot represents
25,000 acres

By the end of the twentieth century, virtually no substantial tracts of virgin forest remained in the South. Remnants can be found in
protected lands in parts of the Great Smoky Mountains and in southwestern Florida, but nearly all of the South’s current forested area has
been previously logged.




Members of the Civilian Conservation Corps (CCC) planting trees in Lolo National
Forest, Montana, 1938
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USDA Forest Service Photo
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Great Uncle Bill Ibenthal

— PALOUSE, WASHINGTON
FRIDAY, OCTOBER 4TH, 1963

FEDERATED WOMEN’S
CLUBS TO CONVENE

and the closing time will be at
3:00 p.m. Clubs will answer roll
call with three minute reports on
| projects planned for conservation.

The noon luncheon will be held

The Northeastern District Fed-
‘eration of Women’s Clubs will
| hold the 93rd semi-annual conven-
| tion in Colville on Saturday, Oct.
' 12 with the theme: “Conservation

For a Better Tomorrow.” A cof-
'fee hour will begin at 8:45 a.m.

in the Congregational church.
W. H. Ibenthal, forest supervisor
of Colville National Forest, will
be the featured speaker and show

‘ € pact oI Na-
tional Forests on Living Condi-
|tions in N. E. Washington."”

of Rosalia.
Mrs. Albert Zellmu
port, district preside

side. First vice pr¢

"W. A. Lund, Spokar



So what is the problem?



Climate change...
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A collage of typical climate and weather-related events: floods, heatwaves, drought, hurricanes, wildfires and loss of glacial ice.
(Image credit: NOAA)



FOURIER, 1766-1830

ARRHENIUS, 1859-1927

* The greenhouse effect was discovered by Joseph
Fourier in 1824, first reliably experimented on by John
Tyndall in 1858, and first reported quantitatively
by Svante Arrhenius in 1896.



Climate Variability and Change

| he Greenhouse Effect

Some solar radiation
is reflected by the
Earth and the
atmosphere.

Some of the infrared
radiation passes through
the atmosphere,

and some is absorbed and
re-emitted in all directions
by greenhouse gas
molecules. The effect of
this is to warm the Earth's
surface and the lower
/ atmosphere.
Solar radiation
passes through ATMOSPHERE A
the clear
atmosphere !

Mostradiation is
absorbed by the Earth's
surface and warms it.

Infrared radiation is
emitted from the
Earth'ssurface:

Source: Climate Change Impacts on the US, NAST, 2000



Global atmospheric carbon dioxide compared to annual emissions (1751-2022)

atmospheric CO, (parts per million)
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Selected Significant Climate Anomalies and Events in 2022
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(Jl’ GLOBAL AVERAGE TEMPERATURE
The Jan-Dec 2022 average global surface temperature was the sixth highest since global records began in 1880.
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ARCTIC SEA ICE EXTENT El';:t?p?:aEd its second-highest yearly temperature on record
The 2022 Arctic maximum and minimum extents were e > :
both the 10th-smallest on record. Warm and dry conditions during summer exacerbated drought

conditions and fueled severe wildfires.

JAPAN
A heat wave scorched Japan
in Jun, marking the worst

ASIA

2022 was Asia’s second-warmest year on record.
NORTH AMERICA

documented streak of hot
2022 tied with 2011 and 2019 weather in that month since
as North America’s 15th-warmest ATLANTIC HURRICANE CHINA 1875.
year on record. SEASON Heavy rain caused severe
Near-average activity: PAKISTAN flooding in parts of southern :‘fé;fg ¥Yh|I:?|FéTCI)-|N
14 storms, including Record-breaking rain fell  China in Jun. Some locations SEASON
CONTIGUOUS U.S. 8 hurricanes. during Jul and Aug, causing Were hit by the heaviest rain _—
Dry and warm conditions contributed to devastating floods that in 60 years. Below-average activity:
d ing wildfi he West duri HURRICANE FIONA Yastaling U 22 storms, including 12
amaging wildfires across the West during In Sep, Fiona affected the Caribbean. affected over 30 million h '
Northern Hemisphere spring through fall. P. : typhoons.

It made landfall in Nova Scotia as the people.
strongest and costliest post-tropical é

HURRICANE AGATHA cyclone on record for Canada.

Hurricane Agatha was the strongest

May hurricane on record to hit
Mexico’s Pacific coast.

EASTERN NORTH  HURRICANE IAN

WESTERN PACIFIC TYPHOONS
Typhoon Hinnamnor, which hit South

Korea, and Typhoon Noru, which moved
across the northern Philippines and into
NORTH INDIAN OCEAN Vietnam and Laos, brought heavy rainfall,
CYCLONE SEASON
AFRICA

o= destructive flooding and strong gusts to
Below-average activity:

. : . the region in Sep.
PACIFIC HURRICANE After knocking out Cuba's power grid, 2022 was Afrldca s 10th-warmest 7 storms, including 1 cyclone. 4 i
lan made landfall in southwestern year on record.
SEASON i SOUTH INDIAN OCEAN
Near-average activity: ~ 110rida just shy of Category 5 strength CYCLONE SEASON ﬂ
19 storms, including 10 causing rec_:ord heavy rain and SOUTH AFRICA_ ) Near-average activity: OCEANIA
hurricane; catastrophic storm surges across Record-breaking rain fell  \g"} 9 st : gl di g Oceania had a top-20
’ parts of Florida. across parts of eastern S lorms, including warm year.
South Africa during cyciones.
SOUTH AMERICA mid-Apr. LU L
) g ’ MADAGASCAR Extreme rain and flooding affected
Sggr“:)mqeigcrg LS PR S GLOBAL CYCLONE ACTIVITY  major cyclones Batsirai and Emnati, as parts of eastern Australia from late
y ‘ 88 storms, including 40 hurricanes/ el as Tropical Storm Dumako made Feb through early Mar.
SOUTHERN SOUTH AMERICA CyClOneShyphOOﬂS. landfall in Madagascar in Feb — the first
; time since Jan 1988 that three storms
An intense heat wave affected parts of . : . SOUTHWEST PACIFIC
the region in Jan, resulting in multiple mgg;ahlandfall in Madagascar in a single CYCLONE SEASON
temperature records. ‘ Below-average activity:
ANTARCTIC SEA ICE EXTENT 6 storms, including 2 cyclones.

The Antarctic had its fourth-smallest annual maximum
and its smallest minimum annual extents on record.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https://www.ncei.noaa.gov/access/monitoring/menthly-report/global/



Past and future carbon dioxide emissions
(billions of tons/year)

Past and future atmospheric carbon dioxide
(parts per million)
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NOAA Climate.gov, adapted from IPCC AR6
Technical Summary, Figure TS.4
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Given the complexities of current and forecast changes
in the climate and associated forest impacts, a new
method for addressing climate change is needed



S{. 1 F y F Ry Yale Forest Forum is the special events hub of
a e ores t orum The Forest School at the Yale School of the Environment

FALL 2023 SPEAKER SERIES

Understanding
Climate

Smart Forestry
in Practice

1AN CHRISTMANN

What is Climate-Smart Forestry?

Presented by Steven McNulty, USDA Forest Service



Many Aspects of Climate Smart Forestry

September 11

What is Climate-Smart
Forestry?

Steve McNulty, Director, USDA
Southeast Climate Hub

September 18

Climate-Smart Forestry
and Carbon

Sara Kuebbing, Research
Director, Yale Applied Science
Synthesis Program

September 25

What Does Adaptive
Silviculture Look Like?

Maria Janowiak, Acting
Director, USDA Northern Forests
Climate Hub

October 2

Fire and Climate-Smart
Forestry

Scott Stephens, Professor of Fire
Science, UC Berkeley

October 9

The Experience of Smallholders
and Climate-Smart Forestry

Sam Cook, Executive Director,
NCSU College of Natural Resources

October 23

Climate-Smart Forestry:
Research on Programs and
Incentives

Stephanie Chizmar, Research
Economist, USDA Forest Service

October 30

Climate-Smart Forestry in an
Urban Context

Clara Pregitzer, Deputy Director
of Conservation Science, Natural
Areas Conservancy

Kristen King, Chief of Environment
and Planning, NYC Parks

November 6

Management of Novel
Ecosystems and Ecosystem
Change

Mike Dockry, Assistant Professor,

Department of Forest Resources,
University of Minnesota

November 13

How Carbon Credits
Influence Commercial Forest
Management

Kyle Burdick, Vice President,
Baskahegan Company

November 27

Climate-Smart Forestry on
Private Lands

Andrea Colnes, Deputy Director
and Climate Fellow, New England
Forestry Foundation



What is the difference between Conservation Forestry
and Climate-Smart Forestry?

Social

(CRRTHON dimension




Climate Smart Forestry

A Basic Definition

Climate-Smart Forestry (CSF) is a collection of strategies and management actions that increase the
carbon storage benefits from forests and the forest sector, in a way that also supports ecosystem services
and cultural values. CSF 1) reduces and removes carbon emissions, 2) increases forest resilience to
climate change, and 3) supports forest economies by increasing forest productivity and incomes.

Nabuurs et al. 2018. Climate-Smart Forestry: mitigation impacts in three European regions. From Science to Policy 6. European Forest Institute.

A Basic Goal

CSF enables “forests and society to transform, adapt to, and mitigate climate-induced changes”

Bowditch et al. 2020. What is Climate-Smart Forestry? A definition from a multinational collaborative
process focused on mountain regions of Europe. Ecosystem Services 43, 101113.



https://doi.org/10.1016/j.ecoser.2020.101113
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EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY

CA15226 - Climate-Smart Forestry in Mountain. R&gions (CLIMO)
P\ =N e

Climate-Smart Forestry (CSF) is a developing concept to help policymakers and practitioners develop focused forestry
governance and management to adapt to and mitigate climate change. Within the EU COST Action CA15226,

CLIMO (Climate-Smart Forestry in Mountain Regions), a CSF definition was developed considering three main
pillars: (1) adaptation to climate change, (2) mitigation of climate change, and (3) the social dimension. Climate
mitigation occurs through carbon (C) sequestration by trees, C storage in vegetation and soils, and C substitution by
wood. However, present and future climate mitigation depends on the adaptation of trees, woods, and forests to adapt
to climate change, which is also driven by societal change.

Criteria and Indicators (C & I) can be used to assess the climate smartness of forestry in different conditions, and over
time. A suite of C & | that quantify the climate smartness of forestry practices has been developed by experts as
guidelines for CSF.



Climate Smart Forestry addresses evolving (often non-
antecedent) environmental issues using

- Adaptation

- Mitigation

- Social Dimension

- Inturnintegrating the three-dimensions of sustainable development
(i.e., economic, social, and environmental)

Conservation Forestry focuses on a more limited range of
immediate environmental issues
- Adaptation (primarily)

- Social Dimension (secondarily) COST Action CA15226



An example of Climate Smart Forestry

Pinus palustris (Longleaf pine)

LONGLEAF PINE

Pinus palustris
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©2022 Matt Stricby



Once upon a time......
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Loblolly pine (Pinus taeda) another southern pine

There are 19 million hectares of forest
plantations in the southern US.
Approximately 16 million hectares (84%)
of this areas is planted in loblolly and slash
pine.




Loblolly Pine Historic Range
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Source: USGS Digital Representations of Tree Species Range Maps, available at http://esp.cr.usgs.gov/data/little/.



Many studies showed that loblolly pine initially grew faster that longleaf pine

Y =2.6354 - 0.0567X Longleaf ¥ =0.60
Y =2.9727 - 0.0894X Loblolly r=0.53

x Longleaf
o Loblolly

N
(=5

o
>

g
~

Height growth per year (ft)
N
XY

0 1 2 3 4 5 6 7
Soil depth of sand (ft)
Figure 1. Average height romrer ar (bareroot) as related to

the depth of sandy soil ngleat and loblolly pine on 10 sites in
the South Carolina sandhills.

Cram et al. 2010



By the 1950s the choice was clear for southeast forest industry

* Thus, the rise of loblolly plantations

Growing conditions were ideal in the south for wood pulp
and saw timber

With a rotation length of about 25 years, loblolly
grew faster than longleaf

Tree plantations were the most cost-efficient way of
growing a tree




And for a time, all was (mostly) well

Forest Industry
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The impact of climate change on the
UK insurance sector

A Climate Change Adaptation Report by the
Prudential Regulation Authority

September 2015
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How Climate Smart Forestry (CSF) is applied to
southeastern pine plantation forestry

LONGLEAF PINE Loblolly Pine
' Pinus taeda

Pinus palustris

Copyright © Robert O'Brien



Hurricanes

CLIMATE CHANGE AMPLIFIES HURRICANE IMPACTS

POTENTIAL
STORM SURGE EXTREME RAINFALL WIND SPEED

Sea level rise Warmer air holds As climate change
has elevated and more moisture, warms sea surfaces,
feeding more the heat available
the storm surge precipitation into to power hurricanes
driven by hurricanes all storms has increased

Source (leftto right): Walsh, K. L.E., et al. (2016), “Tropical cyclones and climate change!’ | Chen, Xianyao, et al. (2017), “The increasing rate of global mean
sea-level rise during 1993-2014" | Wah, Thomas, et al. (2015), “Increasing risk of compound flooding from storm surge and rainfall for major US cities”’




STRONGER, FASTER

Atlantic Tropical Cyclones Intensifying at least 30 kts in 24 hours
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Atlantic named storms intensifying at least 30 knots in 24 hours
ce: Phil Klotzbach, Colorado State University; HURDAT 2 data C LIM AT E @ C ENTRAL



EXTREMELY STRONGER, FASTER

Atlantic Tropical Cyclones Intensifying at least 50 kts in 24 hours

| I“:“ II
0
1980 1985 1990 1995 2000 2005 2010 2015 2020

Atlantic named stonns‘_:,f', L f f ;_v..ﬂfi;_:_.

Source: Phil Klotzbach, Colorado State University; HURDAT 2 CLIMATE co CENTRAL
. - e, 3
y o |




CSF recommended conversion of
loblolly to longleaf pine

e Species selection is key

* Longleaf are more flexible that Loblolly

* Prepare the site for optimal root growth

* Proper ditching and bedding increase
root development that support the
trees

* Post-hurricane clean-up is important to
reduce beetle outbreaks (only 7% of wood
salvaged after a hurricane) and sequester
the downed wood carbon.

USDA

S i states Department of Agriculture

6 Hurricane Preparation and Recovery
in the Southeastern United States

Pine Forest Landowners Guide

USDA Southe

—

s

ast Climate Hub
» 4 GROUTURE

PARTMENT OF AL




Often CSF activities can serve
more than one management goal

Combining the CSF response to insect
outbreaks, wildfires, and drought
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Eastem Forest Environmental
Threat Assessment Center Product

For more information, contact:
steve.menulty@usda.gov

2019 Southern Pine Beetle County-level Predicted Distribution

High (wide spread and high density outbreak areas)

:_T_'_rg,[ Moderate (wide spread and moderate density outbreak areas with some isolated high density outbreak areas)
H Enhanced (wide spread low density with some isolated moderate density outbreak areas)

Marginal (isolated patches, low density)

- Low (if present, very low density)

2021 Southern Pine Beetle County-level Predicted Distribution
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Southern pine beetle range expands

Researchers are concerned that an invasion of southern pine beetles on
Cape Cod could destroy the region’s pitch pine forests
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Sources: Southern Pine Beetle Action Plan for Massachusetts; Expansion of
Southern Pine Beetle into Northeastern Forests: Management and Impact of a

Primary Bark Beetle in a New Region; maps4news.com/@HERE
GATEHOUSE MEDI



Figure 1 - The position
of the Bermuda High is
often associated with
drought conditions, as
hot air rotates clockwise
around the high-
pressure system. When
this position is located
closer to the coast of
the southeast United
States, it contributes to
droughts in the region
(North Carolina Climate

Office).

Office of Sustainability & Climate




Impacts of Climate Variability

LOW MARGINAL ENHANCED MODERATE HIGH

Temperature Increase (2 degrees C) 0.4% -9.3% -5.6% 16.7% 0.0%
Precipitation Decrease (20% less) -1.5% 30.2% 27.8% 0.0% 3.6%
Both Changes -1.4% 27.9% 22.2% 16.7% 0.0%



2o fas 43e A
SRR e

v
Q
| -
G—
O
=

R - sniyee R P




Photos of Bethel Ridge, a moist mixed conifer forest in eastern Washington, show the difference in patchiness in 1936 compared with 2012. National Archives
(1936); John Marshall Photography (2012), from The Conversation, 2021.




Wildfire Regime

Fire Regime Group =

| Frequent, low severity

Il I Frequent, high severity

(1l I Moderately frequent, low severity
IV BB Moderately frequent, high severity

Vv Infrequent
B Indeterminate

Barrett, S. et al. 2010. Interagency Fire Regime Condition Class
Guidebook. Version 3.0 [Homepage of the Interagency Fire Regime
Condition Class website, USDA Forest Service



Fewer fires, but more acres burned

While the number of wildland fires in the U.S. has declined in recent years, those fires are burning

more land.

M Acresburned M Total fires

10M
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Total fires
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Year

Source: National Interagency Fire Center, https://www.nifc.gov/



Shifting towards longleaf pine with CSF

Fire resistant, not fire-proof
Longleaf is resilient to frequent fires but is
vulnerable to fire at certain stages:

» Prior to the grass-stage as new germinants.

» During height growth before bark thickens. s\

= While “candling” in early spring -
before needles emerge @il =

on new growth. :

Historically, low
intensity fires
frequently moved
through the
landscape.

Today these fires
are mimicked using
prescribed fire.

Fire reduces
competition from
hardwoods and other [

open conditions
necessary for
longleaf pines and
native plants, while
providing food and
habitat for wildlife.

Sapling:
Lateral branches
Regrowth two weeks after fire. emerge at 6-10 ft

in height.

Rapid height growth
increases longleaf's
competitive advantage
for sunlight and moves
the growth bud above
typical flame heights.

RS
Mature:
Lower pine limbs are
pruned by fire, keeping
the canopy above most
flame heights.

Seeds:

Grass Stage:
Fire consumes litter  Young longleaf resemble a
on the forest floor, clump of grass. The dense

creating optimal needle cluster protects # Bottlebrush: Thick plates of bark pr;‘::t;ea?:;dlﬁ:gt?gf
conditions for the bud from fire and Longleaf bolts protect the inner needle litter provide
germination. will quickly regrow in height with trunk from fire.
7% post burn. | |

no branching. fine fuels to carry

fire across the

Most grass-stage growth F}’e recycle§
occurs underground as nutrients ba.ck into
seedlings develop extensive the soil.
root systems.

2} \ i

North Carolina Longleaf Coalition



CSF synergies and conflict examples

e Stand density
* Wildfire, drought and insect outbreak protection (less dense)
* Hurricane protection (more dense)

* Rotation length
* Disturbance risk (shorter rotation)
* Carbon sequestration/RCW (longer rotation), absent of disturbance

* Forest priorities
e Carbon sequestration (fast growing, densely spaced stands)
* Water producing forests (slow growing, less dense stands)

* Uncertain future
* Emission reduction rates are uncertain, leading to
e Uncertain climate change variability forecasting, leading to
e Uncertain correct management strategies



Ecosystem Services associated with longleaf pine

Red cockaded woodpecker
(dryobates borealis) in Pine straw $200 million year in SE Increased carbon sequestration
longleaf stand

AR
%

volume (cubic meters/ha)
=
L

20 40 60 80 100
Time (years)

—=-glash - longleaf

Alavalapti et al., 2002



Final thoughts

Climate Smart Forestry is an expanded application of the existing concept of forest sustainability
that include not only an additional environmental stresses, but more integration of both stress, and society

The example of CSF presented for loblolly and longleaf pine presented here, is being examined for hundreds
of other tree and forest compositions across the globe.

| have studied climate change impacts, adaptation and e g
mitigation since 1991, and interest, funding, and urgency to NASA Clocks July 2023 as Hottest Month on Record Ever
Since 1880

address this issue in the last five years, then in the combined 25
years that came before it.

Hopefully, there is still time to stave off the very worst of the
climate change impacts.

Temperature Anomaly (°C)

-1.0 0.0 1.0

This map shows giobal temperature anomalies for July 2023 according 10 the GISTEMP analysis by scientists al NASA's Goddard Institute for Space Studies. Temperature anomakes refiect how July
2023 compared 1o the average July femperature from 1951-1980
a Credits: NASA's Goddard Institute for Space Studies



Use messages of hope...

e Scare tactics are not effective, do not motivate action
* Stay positive

* Focus on:
 Benefits
*  Specific solutions
*  Next steps

 Emphasize that adaptation is necessary AND possible

Source: Easton, Z. and Faulker, J. 2016. Communicating Climate Change to Agricultural Audiences. Virginia Cooperative
Extension. Publication BSE-203P. https://www.pubs.ext.vt.edu/content/dam/pubs_ext vt edu/BSE/BSE-203/BSE-203.pdf
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Climate Smart Forestry projects
(shameless plugs)

Silvics of North America = Silvics of North America

i1

Volume 1. Conifers Volume 2. Hardwoods

Climate change is causing
o the need to update the
Updated Silvics Silvics of North America
of North Py TN
America Project

T e

On behalf of the Canadian Forest Service, National
Forestry Commission of Mexico, and U.S. Forest Service

ELSEVIER

Edited by

Steven McNulty




More detailed aspects of CSF in the coming weeks

September 11

What is Climate-Smart
Forestry?

Steve McNulty, Director, USDA
Southeast Climate Hub

September 18

Climate-Smart Forestry
and Carbon

Sara Kuebbing, Research
Director, Yale Applied Science
Synthesis Program

September 25

What Does Adaptive
Silviculture Look Like?

Maria Janowiak, Acting
Director, USDA Northern Forests
Climate Hub

October 2

Fire and Climate-Smart
Forestry

Scott Stephens, Professor of Fire
Science, UC Berkeley

October 9

The Experience of Smallholders
and Climate-Smart Forestry

Sam Cook, Executive Director,
NCSU College of Natural Resources

October 23

Climate-Smart Forestry:
Research on Programs and
Incentives

Stephanie Chizmar, Research
Economist, USDA Forest Service

October 30

Climate-Smart Forestry in an
Urban Context

Clara Pregitzer, Deputy Director
of Conservation Science, Natural
Areas Conservancy

Kristen King, Chief of Environment
and Planning, NYC Parks

November 6

Management of Novel
Ecosystems and Ecosystem
Change

Mike Dockry, Assistant Professor,

Department of Forest Resources,
University of Minnesota

November 13

How Carbon Credits
Influence Commercial Forest
Management

Kyle Burdick, Vice President,
Baskahegan Company

November 27

Climate-Smart Forestry on
Private Lands

Andrea Colnes, Deputy Director
and Climate Fellow, New England
Forestry Foundation



For more information about the work
of the Southeast Climate Hub

Steve McNulty
Hub Director
USDA SE Climate Hub Coordinator

steven.mchulty@usda.gov

o USDA _o
N s UG
SOUTHEAS
CLIMATE HUB

PROVIDING TOOLS AND RESOURCES FOR
CLIMATE-INFORMED DECISION-MAKING



mailto:Steven.mcnulty@usda.gov
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