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350-300 MYA: Carboniferous Period

Early Carboniferous: CO, = 1,000 ppm; vascular plants appear

Organic carbon accumulated as coal, oil, and gas over millions of
years

Late Carboniferous: CO, drops to current levels; glacial era
begins

Eunice Foote in 1856:

» Discovered CO, and H,0 are
greenhouse gasses

« Conclusion: “An atmosphere of
that gas would give to our earth a
high temperature.”

On the Heat in the Sun’s Rays.

ARt. XXXT.— Circumstances affecting the Heat of the Sun's Rays ;
by Euxice Foork.
(Read before the American Association, August 234, 1856.)
My investigations have had for their object to determine the
different circumstances that affect the thermal action of the rays

of light that proceed from the sun.
Several results have been obtained.




Svante Arrhenius in 1896:

* In 1896, predicted that burning fossil fuels
would cause global warming.

+ Calculated that doubling atmospheric CO,
would increase global temperature 5°C.

Nobel Prize 1903,
Chemistry

Grand global experiment to test the prediction of
Arrhenius

* 25% of Earth’s fossil fuel deposits burned in 160 years
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Atmospheric CO, is more than 100 ppm higher
than anytime in the last 800,000 years

Carbon dioxide levels at 800,000-year high

Carbon dioxide measurements taken at varying intervals

from an Antarctic ice core:
Emergence of fJ
homo sapiens
M{”"\Mﬁ AMAWAY,

SOURCE World Data Center for Paleoclimatology, Boulder, and NOAA
Paleoclimatology Program
USA TODAY




Last time CO, was this high: Pliocene Epoch 3 mya

» Global temp 3-4°C higher
+ Sea level 60-90 ft higher
» Beech trees growing in Antarctica

nd continental fce

Mid-Pliocene sea
vo 8/Ca

The last forests on Antarctica: Reconstructing
flora and temperature from the Neogene Sirius
3/south-pol Group, Transantarctic Mountains

10 warmest years since 1880
(19 of 20 have occurred since 2000)

1. 2016 NASA -
2. 2019
3. 2017

4. 2015

5. 2018

6. 2014

7. 2010

8. 2005

9. 2013

10. 2007

https://climate.nasa.gov/vital-signs/global-temperature/
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Presentation Outline

1. Some current impacts of global warming.
2. How hot will it get?

3. What will it take to slow warming?

4. i-Tree and ecosystem services of trees

5. The Trillion Tree Initiative

6. Selecting trees for a changing climate.
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More frequent and larger wildfires:
« California: 500% increase in area burned since 1972
« Western US: 200% increase in area burned since 1984

© 2004 San Diego State University Foundatfon

Source: Carbon Brief, fire data updated from Abatzoglou &
Williams (2016); temp data from NOAA

Whyae ol ARBNmGOPNIC Cmits i e e Warming and Earlier Spring Increase
Western U.S. Forest Wildfire Activity

AL Wertefing. 2 4. G. Widalgn! 0. B, Cayan"* T W. Sweinam®
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Earlier springs cause drier, hotter summers
« 30 yrs of satellite data, 1982-2011

« Earlier spring greening in Northern Hemisphere

« Earlier transpiration

* Increased summer soil drying

» Summer heat waves more frequent and intense
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Hurricanes are stronger:
* No increase in number of hurricanes.
* Frequency of strong (class 4-5) hurricanes has doubled.

* Hurricanes are moving slower and producing more
rainfall.

Scott Kelly, NASA

Hurricane Patricia:
strongest ever recorded
in Western Hemisphere

Webster, et al. (2005) Changes in tropical cyclone number, duration, and intensity in a warming
environment. Science 309:1844-1846

Holland & Bruyére (2014) Recent intense hurricane response to global climate change. Climate
Dynamics 42:617-627

Hall & Kossin (2019) Hurricane stalling along the North American coast and implications for rainfall.
Nature Climate and Atmospheric Science. 2:17 (dol.org/10.1038/s41612-019-0074-8)
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USDA Plant Hardiness Zone Map Update:
Warmer winters in Northern US

USDA Plant Hardiness Zone Maps
1990
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Future Plant Hardiness Zones

Future Plant Hardiness Zones oavey® Future Plant Hardi oamy®

Year:
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Lilac bloom as a phenological
indicator of continental-scale climate
change.

OARDC is part of the National Phenology Network

that has documented earlier springs

Onset of spring starting earlier across the

Northern Hemisphere

MARK D. SCHWARTZ?, REIN AHA! NTO AASAY

e, WI 532010413, USA, sttt
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Range Expansion of Southern Pine Beetle
New Jersey Pinelands

Photo by Bob Williams; Land Dimensions

Hightstown /[\4.1 o
oA M
VTR
ol .rv .

T T T T U
1960 1970 1980 1990 2000 2010

-10

Atlantic City MN4a4-°C

g

254 U T T T T 1
1960 1970 1980 1990 2000 2010

Minimum winter temperature (°C)

-2

S
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Projected range expansion of southern pine beetle
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Jack Ping
Red Fine
Pitch Pine.

Lesk et al. (2020) Threats to North American forests
from southern pine beetle with warming winters.

@ hitps://ntrs nasa gov/search jsp?R=20180000174 2020-01-10T17:45:46+00:00Z
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Laurel Wilt Disease

Redbay Ambrosia Beetle (Xyleborus glabratus) and
it’s fungal symbiont Raffaelea lauricola
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Bud Mayfield, USDA Forest Service

'Upastea: December 11, 7019




Redbay ambrosia beetle range potential

W e

Cold tolerance and invasive potential of the redbay
ambrosia beetle (Xyleborus glabratus) in the castern United
States
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Slide courtesy of Dr. John Riggins, Mississippi State Univ.

Temperature change (‘F):
105 005 1 15 2 25 3 35
Rising lemperatures in the last century. The last decade was the

warmest on record throughout the West. Source: EPA, Climate
Change Indicators in the United States.
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Warming Projected for US in 215t Century

* 7 —11°F under high emission scenario

* 4-6.5°F under low emission scenario
(USGCRP 2009)

2040-2069 (A2 Emission Scenario) 2070-2099 (A2 Emission Scenario)
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Projected Ghange in North American Precipitation
by 2080-2099
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Climate models accurately predict global warming

CLIMATE MODELLING

black lines representing the high and low end of the climate sensitivity range.

1990: IPCC First Assessment Report

= FitAsemetMos  — NAS\  HlyUEA — NOAA  — ComtméWay — Berkehy

tion-thick blackline, with upper and lower bounds.

Projected warming from the IPCC First Assessment Report (mean pro
shown by thin dotted black lines). Chart by Carbon Brief using FHighchart

Climate Change Projections (US EPA)
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Paris Climate Accord: limit warming to 1.5°C

» Cut global C emissions by 7% per year between 2020-
2030

» Emissions in 2030 would have to be 55% lower than in
2018; reach net zero by 2050

* Global C emissions continue to increase

REPORT

Emissions Gap Report 2019

26 Noverber 2019

Authors: UN Environment Programme

www.unenvironment.org/resources/emissions-gap-report-2019
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1.5°C vs. 2.0°C Warming
* Hundreds of millions fewer people exposed to water
stress and food insecurity
« Sea level rise impacts 10 million fewer people
» Fewer extreme heat days
» Fewer extreme weather and fire events
* 1.5 vs 3.0 million tons of fisheries lost

* 85% vs 99% of coral reefs lost

Source: 2019 IPCC Special Report on Global Warming of 1.5C
(www.ipcc.ch/sr15/)
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A roadmap for rapid
decarbonization

Rockstrom et al. (2017) Science 355:1269-1271

To achieve Paris targets: cut net emissions by half each decade

GLCO,/yr

2020 2030 2040 2050

30
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Global fossil CO, emissions

Billion

tonnes Global
COslyear financial crisis
The Kyoto
Protacol
Oil crisis ‘
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Paris
Scientists warn Agreement
US president

Lyndon B. Johnson

global warming

First IPCC report

Oil crisis

1960 1970 1980 1990 2000 2010 2020

Global Carbon Project (www.globalcarbonproject.org)
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Top greenhouse gas emitters
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The countries with the largest cumulative CO2 emissions since 1750
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US renewable energy investment increased 28% in 2019
(US = $55B; EU = $54B; China = $85B)

Wind and solar accounted for 99% of U.S. renewable energy capacity
investment in 2019

W Biofuels ® Biomass & Waste ' Geothermal M Marine = Small hydro = Solar ® Wind
60
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Source: BloombergNEF
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US renewable energy residential tax credit: 2016-2022

+ 30% 2016-2019
* 26% 2020
* 22% 2021

Net metering in Ohio
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Benefits of Trees: Ecosystem Services

Stormwater runoff ? Habitat and
reduction 4 iy 4 biodiversity

(Dwyer et al. 1992, Tyrvainen et p L b al. 1990, Koh and
al. 2005) e 4

CO, storage and ,' " Property value

sequestration s increase
(Nowak and Crane 2002) ¥ (Nowak et al. 2002)

Energy savings Air quality
(Akbari et al. 2001, ImprpveTent
Donovan and Butry 2009) (Nowak et al. 2006)

Slide courtesy of Chris Riley
THE OHI0 STATE UNIVERSITY
COLLEGE OF 1000 AGRCULTIRAL. .
550 ENVIONE NTAL SCENCES Praes s o
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i-Tree
(www.itreetools.org)

More than beauty and shade, trees tork hard for us all. Explore how trees
improve the environment in communities bi mall, urban and rural...

evenin your ow
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Services provided by Wooster street trees (2009)

100 1000
% "0 City trees provide an estimated value
5w o of $263,857 to Wooster each year
i
g © =
% @ wo £ Envicoomental sevice ';‘:?“e"(‘s",':f:,']" Avg. Sitree
5w wo § ‘Asthetic/other benefits 82,244 $26.44
i w w § Energy conservation $81,915 $2633
X 8 Stomwaterremediation 76,162 $24.48
i” e Air pollution removal $13,129 $422
& w 0 Carbon sequestration $10,406 $3.34
0 10 TOTAL $263,857

& B A 5o

Avg car emits 1.6 tons of C / yr

City of Wooster street trees offset 300 cars / yr

38

i-Tree MyTree
(mytree.itreetools.org)

Learn about benefits that trees provide!
Tolus a it bit about your troe and we'l estimate the amount of carbon dioxide and polltion it
removes from the ar, as well as the amount of stormwater i can help mitigale.
It's quick and easy!
Usoof s oot indctes
Yo acoptou EULA

i-Iree

ontac us i funing opportuntos
10 onabl tforyourcounty:

770 may not work with private browsing of Incognito mode.
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i-Tree MyTree
(mytree.itreetools.org)

Tell us about your tree:

“These fieds are roquired.

Change Locaton

Projector Group Name,
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i-Tree MyTree
(mytree.itreetools.org)

e 1o mapl, (Acer

1017

MyTree Benefits €1 Avoided Energy Emissions

Carbon Dioride (CO) Sequestered  $0.63
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(Nowak & Greenfield 2018)
Lost each year:
* 36 million trees

* 175,000 acres of tree cover

emissions)

Deforestation of US Urban Forests (2009-2014)

+ $96 million of ecosystem services (pollution removal, C
sequestration, reduced energy use and power plant

Urban Forestry & Urban Greening

nomepaes

Declining urban and community tree cover in the United States

David J. Nowalk', Eric )

42
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Global deforestation is still increasing

Deforestation (ha / yr):
* 1990-2000: 10.6 million
+ 2010-2015: 6.5 million

Reforestation (ha / yr):

* 1990-2000: 3.6 million
+ 2000-2005: 5.9 million
* 2010-2015: 3.3 million
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The Trillion Tree Campaign
(www.trilliontreecampaign.org)

Welcome

3 v
g wy 1Trillion

& .
-

S

Trump announces the US will join1
trillion tree initiative
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The global tree restoration potential
Bastin et al., Science 365, 76-79 (2019)

+ Room for an extra 0.9 billion Ha of forest (1 trillion trees)
* Increase global forest cover by 25%
+ Sequester 25% atmospheric C pool over 50-100 yrs

45

15



Comments on “The global tree restoration potential”

Friedlingstein et al. (2019) Science 10.1126/science.aay8060
Lewis et al. (2019) Science 10.1126/science.aaz0388
Luedeling et al. (209) Science 10.1126/science.aay7988
Skidmore et al. (2019) Science 10.1126/science.aaz0111
Veldman et al. (2019) Science 10.1126/science.aay7976

Assumptions challenged:

» No additional deforestation

» No carbon currently stored on non-forested land

« Grasslands, savanna, and tundra can be converted to forest
« No negative feedbacks as atmospheric CO, declines

« Large-scale, even-aged forest plantations are sustainable

Optimistic estimate: 10% of C pool sequestered

Trees stressed on south edge of
distribution; benefit on north
Current ey Lower Emissions Higher Emissions
3 Scenario Scenario
i [
Other  No Data
OaklHickory
X
< 3 Loolouy/snnxea! Pine
Elm/Ash/Cott d
Source: US EPA, adapted from Iverson, L., A. Prasad, and S. Matthews. "Potential
Changes in Suitable Habitat for 134 Tree Species in the Northeastern United States.”
Mitigation and Adaptation Strategies for Global Change 13, no. 5-6 (2008): 487-516.

Climate change, bronze birch
borer, and the distribution of
paper birch

Betula papyrifera

\Reirs Life

Environ. Entomol. (2012) 41:1372-1385
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Warmer, wetter weather has increased disease
pressure from foliar pathogens on eastern white
pine in the NE

Forest Ecology and Management

Jowrnst homeprge: == pa e

Response of eastern white pine and associated foliar, blister rust, canker and
root rot pathogens to climate change®

Stephen A. Wyka'”, Isabel A. Munck

polas J. Brazee”, Kitk D. Brodery’
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Insects and Fire in Northwest Forests

Recent
Disturbance

@& Fircarea
“ Insect and

Widespread Increase of Tree Mortality
Rates in the Western United States

Phillp . van Mantgem, 1 Nathan L. Stephenson, ™ John C. Byme.” Lori D. Daniels,”

Jerry . Franklin,* Peter Z. Fulé” Mark E. Harmon,* Andrew ). Larson,
jeremy M. Smith,” Alan H. Taylor* Thomas T. Veblen’

SCIENCE VOL 323 23 JANUARY 2009
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Selecting trees for a changing climate

Climate Envelope: temperature and precipitation

Current and projected: summer heat, winter cold,
precipitation (average and extremes)

Tree lists based on regional projections

Macro: full set of candidate trees based on regional
projections

Micro: subset of candidate trees based on site factors
(soil fertility and moisture, pH, soil type, exposure, etc)

51
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Projecting future climate envelopes for trees

» How fast will the climate change?

» How fast will the tree migrate (generally accepted rate =
30 miles / century)

« Can a tree migrate fast enough to keep up with climate
change?
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Climate Change Projections (US EPA)
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Future Plant Hardiness Zones: Arbor Day
Foundation — Davey Tree Collaboration

Future Plant Hardi oavd

20402063 2070-2099
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Tree species with large projected shifts:

wwwE o

American basswood 9.7 °

Sugar maple 8.9°

Black cherry 8.5°

White oak 8.2°

Black walnut 8.2°

Common hackberry 8.0° =

Bur Oak 7.9° s
River birch 7.8° One degree = ca 69 mi

Red maple 7.6°

Potential Impacts of Climate
Change on the Distribution of
North American Trees

BioScience * December 2007 / Vol. 57 No. 11
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Ohio trees well within their climate envelope:

gz

Red Maple

e SN

Shagbark Hicko Red Oak
56
Northern species that will be unsuitable
e Quaking Aspen
57
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Southern trees hardy in Ohio
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Trees with a shaky future in Ohio

‘\\ ¥,
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Pin Oak Ohio Buckeye Yellow Birch
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What about trees like sugar maple?

Sugar maple

60
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US Forest Service Tree Atlas

www.fs.fed.us/nrs/atlas
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Sugar Maple

sugar maplo (Acer saccharum)

CurrentDisrbution
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