Baltimore Tree speciesin a
changing climate:

Generating a list of climate-informed tree
species projections for the GBWC
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We create practical tools you can use!
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Mid-Atlantic Forest Ecosystem
Vulnerability Assessment and Synthesis:
A Report from the Mid-Atlantic Climate Change
Response Framework Project

Story Map

Climate Change and Adaptation: Mid-Atlantic Forests

orn Genaral Technical
Research Station  Report NRS-18:

Forest

Service October 2018
Forests are a prominent feature of the landscape across the
Mid-Atinti region. Sweeping from the Atiantic coastal plain
10 the Catskill Mountains, forests cover approximately half of
the 60-million acre assessment area, These forests provide
many benefits to residents of this region, including clean air

for

Vulnerabil Ity B e e

Syrup, ginseng, and other products that supportthe local
economy.

o,
Assessment for e

Understanding how our forests are changing now and how
they wil continue to change I the future s the key to

orested ccosystems e e R

the genera effects of anticipated changes across the reglon.
The final section shows what foresters and land managers

provide for us.

Click on each tab to learn more.

Changing Climate  Effects on Forests  ForestVulnerability  Adaptation Stories ~ Credits

Tree projections & Adaptation tools

CLIMATE CHANGE PROJECTIONS FOR INDIVIDUAL TREE SPECIES

will be affected by

during this century. A team of forest managers and researchers
ted t

in the Mid-Atlantic region (Butler-Leopold et al.in review). This
report includ bserved

and arange- Italso
describ i

and summarizes key vulnerabilities for major forest types. This
handout is summarized from the full assessment.

TREE SPECIES INFORMATION:

MID-ATLANTI\C REGION
v

Remember that models are just tools, and they re not perfect.
Model projections don' account for some factors that could be
modified like droughts, wild d
invasive species. If a species i rare or confined to a small area,
Tree Atlas results may be less reliable. These factors, and others,

P
amodel Human choices will
forest distribution, especially for tree species that are projected to
increase. -

‘adapted species, but this will depend on management decisions.

This assessment uses two climate scenarios to“bracket” 2 range of possible Despite these limits, model
proj i It perhaps best to think i d
(Tree Atlas and L information e I change. The model
i d local todraw

impact models can be found in the assessment. Results for “low”and “high” i W
climate scenarios can be compared on page 2 of this handou.

SPECIES__ADDITIONAL CONSIDERATIONS - 30 MOST COMMON SPECIES SPECIES____ADDITIONAL CONSIDERATIONS - 30 MOST COMMON SPECIES
MIXED MODEL RESULTS

American basswood _Tolerates shade, susceptible to fire

Chestnut oak

Establishes from seed o sprout, adapted o fire

very shade tolerant Red maple Com

i Scarlet oak Seeds and sprouts, susceptible to fire and disease:
Black cherry Susceptible to insects and fire, mildly drought tolerant Tulp tree Competitive colonizer tolerant of diverse sites
Eastem hemlock _ Hemlock woolly adelgid causes mortality White ash Emerald ash borer causes mortai

Eastem white pine _Good disperser, but susceptible to drought and insects

Susceptible to Dutch elm disease

Serviceberry Competitive colonizer,susceptible to drought Black locust Early-successional colonizer, susceptible to insect pests
Striped maple Shade tolerant Black oak Drought tol pests & diseases
Sugar maple ‘Grows across a variety of sites, tolerates shade Blackgum Shadie tolerant, fire adapted

Sweet birch Susceptible to drought, fire topkilland insects Flowering dogwood _Shade tolerant

Yellow birch ‘Good dispersr, suscepibleto fire, insects, and disease Northem redosk _ Susceptible to insect pests

Pignut hickory

pests and drought

ght

www.forestadaptation.o

Forest Adaptation Resources:
Climate Change Tools and Approaches
for Land Managers, 2nd edition

RESPONSE FRAMEWORK

~

Real stories of people making
climate-informed decisions

Demonstrations

Home » Adapt » Demonstrations
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Sligo Creek Reforestation with

¢ Climate Adaptation in Mind

The purpose of this project is to utilize the
reforestation priority area GIS analysis to
determine where to best utilize fee-in-lieu
funds to reforest areas and enhance
floodplain depression projects. This area is
a highly active stream valley park with an
interconnecting trail system in the suburbs
of DC. Itis a heavily used and disturbed
area with a large amount of infrastructure
(sewer, water, gas) and surrounding
development. The plan is to be used by the
Parks Department, Planning Department,
and eitizens and the maior mananement
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Adaptation demonstration projects are real-world examples of how

managers have integrated climate considerations into land management

ForestAdaptation.org/Mid-Atlanti

nlanning and activities
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Climate Change Projections

*2009 vs. 2099

Low Climate Change High Climate Change
RCP 4.5 RCP 8.5

Average Temperature t 3.7 of t 10.4 oF

Growing Season (May-Sept)
Temperature

Total Precipitation

Growing Season (May-Sept)
Precipitation

‘ -0.3 inches



USFS Tree Atlas
Baltimore, MD

anrage o JGCM ance Wigh smissios (BCF 151

Tree Atlas | version4 | Bird Atlas [ version 2 |

Modeled potential suitable habitat for 125 tree Potential changes in abundance and range for
species in the East, with an additional 23 species 147 bird species in the East
with current information only

Latest Tree Atlas Latest Bird Atlas

Regional Summary Tree Tables

Current and Potential Future Habitat, Capability, and Migration —

Summaries for tree species are available for a variety of geographies, in both PDF and Excel format. These
summaries are based on Version 4 of the Climate Change Tree Atlas

National Forest Summaries National Climate Assessment (MCA) 2016 Regional
Mational Park Summaries Summaries

HUCE Watersheds 1x1° Grid Summaries

Eastern United States,

» Ecoregional Yulnerability Assessments (EVAS) *

» USDA Forest Service EcoMap 2007 Sections = Urban Areas

Tools to inform Baltimore tree planting

Heat & Hardiness Zones
Washington, DC

CLIMATE CHANGE VULNERABILITY OF URBAN TREES
WASHINGTON, D.C.

This list was developed to aid Washington, D.C
community forestry practitioners in selecting trees
to reduce dimate change vulnerability of their urban
forests It is meant 1o be a complement 1o other tree
selection resources. Other faciors may also need 1 be
d sucnas local sit
el biliry. It Is als
mmmlmmmmwdhmm
ut may not be suitable for planting for other reasons,
such 2 having invasive potential or susceptibility to
jpests or pathogens.
WVl bility: Trees can 1o & variety of
climate-related stressors such as intense heat,
flooding and changing pest and disease pattenns.
Chimate wulnerability & a function of the impacts of
dlimate change on a species and its adaptive capadty. Species with negative impacts on habitat suitabdity and low adaptive
capacity will have high vulnerabiity and vice versa The following factors were used to determine climate vulnerability:

Urban SCONEs for each species based on literature describing its wlerance 1o
mud\nmbmgmmﬂ&muﬂmmmwmashade(dﬁam

il of nursery Scores were assigned 10 species using methods developed in an urban forest
wulnerability assessment for Chicago for trees planted ses. A SCore indscates that a species is Wolerant
0 & wide range of disturbances and an be planted on a vanety of sites. A negative score indicates a species is highly
susceptible 10 disturbances and/or is limited 1o specific planting sites

i and

Hardiness and heat rone suitability: Tree species ranges wese
websites Species e and peojected heat and hardiness 2ones for Washington, D.C.
using e how Mlj]mmmmlﬂ?u!mmhwm
the species tolerance was within the range of
mmmmmmm«emmmduzlﬂmw

mmmpcmuuenh species planted in developed sites, such a5 streets, yards, boulevards, and parks. If
e in habitat suitability for native species in natural areas, see the Climate Change Tree

,u.
Attas at woore fifed wsines/atias).

Current and projected USDA Hardiness Zones and AHS Heat Zones for Washington, D.C. Hardiness zone ks
determined by the average lowest temperature over a 30 year period. Heat zones are determined by the number of
days above BE'F.

Time Period Hardiness Zone Range Heat Zone Range
15602010 7 7

souRcE = NIACS

www.forestadaptation.org
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A tool used to describe tree habitat

distribution and colonization under
changed climate.

Model results for 125 species (and
relative abundance for 24 species)

Information about colonization
potential (SHIFT) and overall ability
to tolerate future conditions
(Capability)

New tutorials and explanations
throughout the site.

Climate Change Tree Atlas: About

Regional Summary Tree Tables

Current and Potential Future Habitat, Capability, and Migration —

Summaries for tree species are available for a variety of geographies, in both PDF and Excel format. These

summaries are based on Version 4 of the Climate Change Tree Atlas

* National Forest Summaries

o National Park Summaries

s HUCE Watersheds

e National Climate Assessment (MCA) 2016 Regional

Summaries

e 1x1°Grid Summaries

* Ecoregional Vulnerability Assessments (EVAS) * Eastern United States
* USDA Forest Service EcoMap 2007 Sections ¢ Urban Areas
Other Products

Story Map: Drought Over Time

Story Map: Climate Change Pressures in the 21st Century:

Shifts in Growing Degree Days, Plant Hardiness Zones, and
Heat Jones

www.fs.fed.us/nrs/atlas
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Results describe trends across the
greater Baltimore area

e Urban area (sq. km) =1,922
e Urban buffer area (sg. km) =9,137

* 90 tree species modeled

e 22% urban land cover

Rare, nonnative, or cultivar species are
likely not modeled.

* These species may have vulnerability
ratings based on projected heat and .
hardiness zones. A

an
Mies States: Virginia; District of Columbia; Maryland;

www.fs.fed.us/nrs/atlas/combined/resources/summaries/urban/




Common and scientific names

Range

Model reliability

FIA sum

Habitat change class
Adaptability
Capability

SHIFT

Inset  Pagelayout  Formulas  Data  Review  View  Help  Acobat  Design @ Tell mewhat you want
- ‘K’ i Calibri MY 25 Wrap Text General - ’_:}' Normal Bad Good Neutral %ﬂ EX El -
b E% ::::E;hmm B I U-E-|O-A- = $-% 0 W él:;i'&;':‘_ Format 15 Explanatory... Followed Hy... Hyperlink - InsertDelte Format |
Clipboard [ Font [F1 Alignment. [ Number [F1 Styles Cells

F19 2 £ || 9161
Scientific Name '~|Range [-|MR |~| %Cell [~ FIAsum [_i|FIAiv [-~|ChngCl45 .| ChngCl85 - |Adap |~|Abund |.|Capabild5 |[.|Capabil85 |.|SHIFT45 |.|SHIFT85 [.|SSO [-|N ||
14 | Quercus rubra WDH Medium 37.1 117.6 6.5 No change Nochange High Common  Good Good Infill ++ Infill ++ 1 13
1; Quercus coccinea WDL Medium 27.6 113.9 6.8 Sm. dec. Sm. dec. Medium Common Fair Fair Infill + Infill + 1 14
16: Carya glabra WDL Medium 31.4 112.2 6.9 No change Nochange Medium Common  Good Good Infill ++ Infill ++ 1 15
17 | Fraxinus americana WDL Medium 25.6 104.4 7.7 Nochange Nochange Low Common  Good Good Infill ++ Infill ++ 1 16
18 | Sassafras albidum WSL Low 35.9 100.5 5.0 Lg. dec. Sm. dec. Medium Common  Fair Fair Infill + Infill + 1 17
19_Jug|ans nigra WDH Low 20.4 91.6 6.8 Sm. dec. Sm. dec. Medium Common  Fair Fair Infill + Infill + 1 18
20 | Pinus taeda WDH High 12.7 84.5 15.7 lg. inc. Lg. inc. Medium Common  Very Good Very Good Infill ++ Infill ++ 2 19
21 | Platanus occidentalis NSL Low 16 81.1 9.5 Sm. inc. Sm. inc. Medium Common  Very Good Very Good Infill ++ Infill ++ 2 20
22 |Acer negundo WSH Low 19.5 77.2 6.0 No change Nochange High Common  Good Good Infill ++ Infill ++ 1 21
23 | Populus deltoides NSH Low 2.8 68.6 28.0 Sm. dec. Sm. dec. Medium Common  Fair Fair 0 22
24 |Picea abies NSH FIA 11 61.3 50.0 Unknown Unknown NA Common  NNIS NNIS 0 23
25 |Quercus pagoda NSL Medium 1 61.3 45.9 No change Nochange Medium Common  Good Good 2 24
26 | Pinus strobus WDH High 1.1 44.9 36.7 Lg. dec. Lg. dec. Low Rare Poor Poor 0 25
27 | Ulmus rubra WSL Low 3.4 42.0 11.4 Sm. dec. No change Medium Rare Poor Fair Infill + Infill + 2 26
28 | Quercus falcata WDL Medium 12.5 37.4 6.6 Lg.inc. Lg.inc. High Rare Good Good Infill ++ Infill ++ 2 27
29 |Acer saccharinum NSH Low 6.8 35.0 13.9 Sm. dec. No change High Rare Poor Fair Infill + 2 28
30 |Quercus palustris NSH Low 4.5 33.8 6.9 Sm. dec. Sm. dec. Low Rare Poor Poor Infill + Infill + 2 29
31 |Ailanthus altissima NSL FIA 8 31.4 6.5 Unknown Unknown NA Rare NNIS NNIS 0 30
32 |Carya cordiformis WsL Low 6.6 29.6 7.2 Nochange Nochange High Rare Fair Fair Infill + Infill + 2 31
33 |Ulmus americana WDH Medium 15.8 24.3 7.7 Sm. inc. Lg.inc. Medium Rare Good Good 2 32
34 |Cornus florida WDL Medium 16.6 19.5 1.6 Sm. inc. Sm. inc. Medium Rare Good Good Infill ++ Infill ++ 1 33
35 |Carpinus caroliniana WSL Low 7.4 19.1 2.6 Sm. inc. Sm. inc. Medium Rare Good Good Infill ++ Infill ++ 1 34
36 |Fraxinus pennsylvanica WSH Low 4 18.7 5.2 Sm. inc. Sm. inc. Medium Rare Good Good 2 35
37 |Quercus phellos NSL Low 3.8 16.6 4.5 Sm. inc. Sm. inc. Medium Rare Good Good 2 36
38 |Acer platanoides NSL FIA 7.9 14.1 3.9 Unknown Unknown NA Rare NNIS NNIS 0 37
39 |Quercus imbricaria NDH Medium 23 12.7 5.2 Sm.dec.  Sm. dec. Medium Rare Poor Poor 0 38
40 |Morus alba NSL FIA 10.4 10.7 5.5 Unknown Unknown NA Rare NNIS NNIS 0 39
41 |Asimina triloba NSL Low 6.4 9.8 2.8 Sm. dec. Lg. dec. Medium Rare Poor Poor 0 40
42 |llex opaca NSL Medium 13.1 9.0 2.4 Lg.inc. Lg. inc. Medium Rare Good Good Infill ++ Infill ++ 1 M

www.fs.fed.us/nrs/atlas/combined/resources/summaries/urban/




CLIMATE CHANGE PROJECTIONS FOR INDIVIDUAL TREE SPECIES
GREATER BALTIMORE, MARYLAND

This list was developed to aid Greater
Baltimore community forestry
practitioners in selecting trees to

reduce climate change vulnerability

of their urban forests. It ismeant to be
acomplement to other tree selaction
respurces. Other factors may also nead to
be considered, such as aesthetics, local

CLIMATE CHANGE CAPABILITY

POOR CAPABILITY

Bigtooth aspen Pin oak
Black ash Quaking aspen
Eastern white pine shingle cak

aw Swamp white oak

FAIR CAPABILITY

site conditions, wildlife value, or nursery American beech Eastern cot d
availability. tis i tant to note
that <pecies may have climate gu;:.m hickory Red rr;ulbelnr
benefits but may not b suitable for planting for other reasons, such as having acklocust Sassafras
invasive potential or susceptibility to pests or pathogens. Black walnut Scarlet oak
The Lat Re hG the dii ChangeT Chestnut oak Virginia pine
Aﬂ; :‘d cape Change Research Group recently fw"’damm&“; mate g"’m'ee GOOD CAPABILITY
Full Tree Atlas results are available online at wiwve fsfed us/nrs/atlas/. Two dimate American elm Northern red oak
scenarios are presented to"bracket” a range of possible futures. These future dimate American holly Pignut hickory
pruiecﬁnnsmmmzm?)p@ide information about how |rk!md.|allreespeues American hornbeam Red maple
may;:spondme;mﬁngcllma:len;s;@:'m'mdhgrrmmmscenanos Black cherry Shagbark hickory
cenbecompared on fhereverss o Black oak Southern red oak
The updated Tree Atlas t: infe tion helpful to Blackgum Sugar maple
N tablahaint. clouates hased on 3 vaiablesthat xplan wh i Swamp chestnut o3k
. e - calculated based on 39 variables that explain where
optimum conditions exist for a species, induding soils, landforms, and Cherrybark oak Sweetbay
climate variables. Eastern hophornbeam  Sweetgum
« Adaptability - based on life-history traits that might increase or decrease EMtEII‘_I ledlcedar - Syc:amnre
tolerance of expected changes, such as the ability to witk d different Fl g dog White ash
forms of disturbance. Green ash White oak
« Capability - a rating of the species’ ability to cope or persist with dlimate Hackberry Willow oak
change in this region based on suitable habitat change (statistical Loblolly pine Yellow Poplar
modeling), adaptability (literature review and expert opinion), and Mockemut hicke
abundance (FIA data). The capability rating is modified by abundance il
information; ratings are downgraded for rare species and upgraded for
abundant species. Silver maple Common p
« Migration Potential Model - when combined with habitat suitability, an Slippery elm Black willow

o aspecies <olnizain eloos o e habits.Tis ing
e et o sed mirton o el monenenl 5 Gldopress  Rerbich
avie on: New Rabitatw igration ot Blackjack oak Shortleaf pine
Remember that models are just toals, and they're not perfect. Model projections. Eastern redbud Sourwood
«can'taccount for all factors that influence future species success. If a species is rare Laurel oak Sugarberry
or confined to  small area, model results may be less reliable. These factors, and
y Longleaf pi Swi tupelo
others, could cause a particular species to perform better or worse than a model ngleal pine 3mp tUpe
projects. Human choices will also continue to influence forest distribution, espedially ~ OVErcup oak Water oak
for tree species that are projected to increase. Despite thesa limits, models provi Pond cypress Water tupelo
useful information about future expectations. Iit's perhaps best to think of these Post oak Winged elm
projections as indicators of possibility and potential change. Redbay
SOURCE: Baltimore,
\ableat i nares/urb,
Ty mbined o ummatesaben [NIACS
.o/ mid-atiantic, A full description of the models and Aot Cimae S
ierbik in Iy us/pubs/57357 and 4

etal 2010,
L

s fi fed us/pubs/S8353).

www.forestadaptation.org

Climate Change Tree Atlas: Results for Greater Baltimore

ADAPTABILITY: Life-history factors, such as the ability to
respond favorably to disturbance, that are not included in the
Tree Atlas model and may make a species more or less able to

adapt to future stressors.

+ HIGH 3pedies may perform better than modeled

= MEDIUM

~ LOW Species may perform worse than modeled

HABITAT CHANGE: Projected change in suitable habitat
between current and potential future conditions.

4 INCREASE Projected

increase of >20% by 2100
¥ DECREASE Projected

NO CHANGE Projected
change of <20% by 2100

NEW HABITAT Tree Atlas

ABUNDAMNCE: Based on Forest Inventory Analysis (FI&) summed
Importance Value data, calibrated to a standard geographic area.
+ ABUNDANT
COMMON
— RARE
CAPABILITY: An overall rating that describes a species’ability
to cope or persist with climate change based on suitable habitat
change class (statistical modeling), adaptability (literature review
and expert opinion), and abundance within this region.
& GOOD Increasing suitable habitat, medium or high adaptability,
and comman or abundant

FAIR Mixed combinations, such as arare species with increasing
suitable habitat and medium adaptability

decrease of »20% by 2100 projects new habitat for
species not curently present W POOR Decreasing suitable habitat, medium or low adaptability,
and uncommon or rare
LOW CLIMATE HIGH CLIMATE LOW CLIMATE HIGH CLIMATE
CHANGE (RCP 4.5) CHANGE (RCP 8.5) CHANGE (RCP 4.5) CHANGE [RCP 8.5)
HABITAT CAPABIL- HABITAT CAPABIL- HABITAT CAPABIL- HABITAT CAPABIL-

SPECIES ADAPT ABUN CHANGE  ITY CHANGE  ITY SPECIES ADAPT ABUN CHANGE  ITY  CHANGE ITY
American beech v hd Pignut hickory - - -y A
American elm A A A Pin oak® - - v v v v
American holly A N A Pond cypress . * *
American homt A A A Post oak + * *
Bald cypress * * Quaking aspen . - hd v hd v
Bigtooth aspen v v v v Red maple + o+ v Iy v A
Bitternut hickory* + Red mulberry® . -
Black ash - v v v v Redbay* + * *
Black cherry - Pay Fay River birch* * *
Black locust* v v Sassafras® . . v v
Black oak A A A A Scarlet oak . . v v
Black walnut* A hd Shagbark hickory . - 'y A A
Black willow* — A F- Shingle oak . - v v v v
Blackgum + iy A A Shortleaf pine . * *
Blackjack oak + * * Silver maple* + - v v
Bouelder* + A A Slippery elm*® . - v v
Cherrybark oak Py iy Sourwood + * *
Chestnut oak + v v Southern red oak + - A A A A
Common persimmon®  + A A Sugar maple + — A A A A
Eastern cot d* - v v Sugarberry . * *
Eastern hophombeam®  + A A A A Swamp chestnut oak* - - A A A A
Eastern redbud* * * Swamp tupelo - * *
Eastern redcedar A Fay A F Swamp white oak* . - v v v v
Eastern white pine - hd v hd v Sweetbay . - A A A A
Flowering dogwood A A A A Sweetgum . . A s A A
Green ash* A A A Fy Sycamore® . - A F-y A A
Hackberry + A Py A Fay Virginia pine . . v v
Laurel oak * * Water oak .
Loblolly pine A A A Fi Water tupelo —
Longleaf pine * * White ash — .
Mockernut hickory + 'y A A F-Y White oak + .
Northern red oak + A A Willow oak* . -
Overcup oak - * * Winged elm .
Pawpaw* v v v Yellow Poplar + o+

peci — | mtics of .

that affect change class. See maps and i nrs/

forestadaptation.org/baltimore




Climate Change Tree Atlas: Results for Greater Baltimore

POOR CAPABILITY

GOOD CAPABILITY MIXED RESULTS

Bigtooth aspen Pin oak American elm Northern red oak

Black ash Quaking aspen American holly Pignut hickory

Eastern white pine Shingle oak American hornbeam Red maple

Pawpaw Swamp white oak Black cherry Shagbark hickory
Black oak Southern red oak
Blackgum Sugar maple

, , Boxelder Swamp chestnut oak
Chemybarkosk  Sweetbay

Silver maple Common persimmon

Slippery elm Black willow

NEW HABITAT WITH MIGRATION POTENTIAL

Bald cypress River birch
Blackjack oak Shortleaf pine
Eastern redbud Sourwood
Laurel oak Sugarberry
Longleaf pine Swamp tupelo
Overcup oak Water oak
Pond cypress Water tupelo
Post oak Winged elm
Redbay

American beech Eastern cottonwood Eastern hophornbeam  Sweetgum

Bitternut hickory Red mulberry Eastern redcedar Sycamore

Black locust Sassafras Flowering dogwood White ash

Black walnut Scarlet oak Green ash White oak

Chestnut oak Virginia pine Hackberry Willow oak
Loblolly pine Yellow Poplar
Mockernut hickory

forestadaptation.org/baltimore




USFS Tree Atlas
Baltimore, MD

anrage o JGCM ance Wigh smissios (BCF 151

Tree Atlas | version4 | Bird Atlas [ version 2 |

Modeled potential suitable habitat for 125 tree Potential changes in abundance and range for
species in the East, with an additional 23 species 147 bird species in the East
with current information only

Latest Tree Atlas Latest Bird Atlas

Regional Summary Tree Tables

Current and Potential Future Habitat, Capability, and Migration —

Summaries for tree species are available for a variety of geographies, in both PDF and Excel format. These
summaries are based on Version 4 of the Climate Change Tree Atlas

National Forest Summaries National Climate Assessment (MCA) 2016 Regional
Mational Park Summaries Summaries

HUCE Watersheds 1x1° Grid Summaries

Eastern United States,

Ecoregional Vulnerability Assessments (EVAS) *

» USDA Forest Service EcoMap 2007 Sections = Urban Areas

Tools to inform Baltimore tree planting

Heat & Hardiness Zones
Washington, DC

CLIMATE CHANGE VULNERABILITY OF URBAN TREES
WASHINGTON, D.C.

This list was developed to aid Washington, D.C
community forestry practitioners in selecting trees
to reduce dimate change vulnerability of their urban
forests It is meant 1o be a complement 1o other tree
mnmmodrr{acmm also need o be
suchas

i o iy, It is also
o note that some species may have cimate benefits
ut may not be suitable for planting for other reasons,
such 2 having invasive potential or susceptibility to
pests or pathogens.

Vulnerability: Trees can be vulnerable 1o a variety of
clin

flooding and changing pest and disease pattenns.
Chimate wulnerability & a function of the impacts of
dlimate change on a species and its adaptive capadty. Species with negative impacts on habitat suitabdity and low adaptive
capacity will have high vulnerabiity and vice versa The following factors were used to determine climate vulnerability:

Urban SCONEs for each species based on literature describing its wlerance 1o
ﬁsnubiu:s Mn&mmmmﬂmmﬂmmmwMMEshﬂe(dﬁau

of nursery Scores were assigned 10 species using methods developed in an urban forest
wulnerability assessment for Chicago for trees planted in developed sites. A posilive score indscates that a Species is tolerant
0 & wide range of disturbances and an be planted on a vanety of sites. A negative score indicates a species is highly
susceptible 10 disturbances and/or is limited 1o specific planting sites

Hardiness and heat zone suitability- Tree species ranges were fi and
websites Species inlerance ranges were compared to cument and progected heat and hardiness zones for Washington, D.C.
using e how Mdj]mﬂmmmlﬁ‘.?u)mmmwm

gases Trees have suitabile the species tolerance was within the range of
cument and projected hardiness and heat zone through the end of the zlﬂce«(u'y

O TE: This list was primarily created for species planted in developed sites, such as streets, yards, boulevards, and parks. if
you are interested in projected changes in habitat suitability for native species in natural areas, see the Climate Change Tree
Arlas at oo fited us nes/atlas -

Current and projected USDA Hardiness Zones and AHS Heat Zones for Washington, D.C. Hardiness zone ks
determined by the average lowest temperature over a 30 year period. Heat zones are determined by the number of
days above BE'F.

Time Period Hardiness Zone Range Heat Zone Range
15602010 7 7

souRcE = - m NIACS

www.forestadaptation.org




NIACS Washington DC climate change resources

Tree species projections (simplistic):

Tree characteristics

+

Climate informed habitat projections

Tolerance to: Pests, diseases, drought,
flood, wind, ice, salt, air and urban
pollution, heat, browsing, invasive
species

Shade tolerance, edaphic specificity,
invasive potential, habitat specificity,
nursery propagation, maintenance
required, planting establishment,
restricted rooting conditions

forestadaptation.org/washington-dc



NIACS Washington DC climate change resources

Tree species projections (simplistic):

Tree characteristics
Adaptive capacity scoring

+

Climate informed habitat projections

Eastern hemlock

forestadaptation.org/washington-dc



How do we
determine
vulnerability of
individual trees?
Adaptive Capacity
Scoring

Example of Planted Modification Factor Scores
Generated for the Species Eastern hemlock.

Matthews, S. N., Iverson, L. R., Prasad, A. M., Peters, M. P., &
Rodewald, P. G. (2011). Modifying climate change habitat models
using tree species-specific assessments of model uncertainty and life
history factors. Forest Ecology and Management, 262, 1460-1472.

eastern hemlock

Tsuga canadensis

Fire
Regeneration
T H
i Dispersal i i Seedling i
e Biological | Establishment : - 1 .
CO2/WUE -0.88 e i P |
I 1 L A i Gradients |
| Environmental | LeoollllC H
i Habitat |
E Specificity E
EEEEREEE iyttt T . Score Uncertaint
i Edaphic |
i Specificity i Characteristic Score =
L ____ 4 Literature Score X Uncertainty X Future Relevance
Low Pos Minimal Low Neg
+| 0 -1

This image is available on the Tree Atlas website!




How do we
determine
vulnerability of
individual trees?
Adaptive Capacity
Scoring

Example of Planted Modification Factor Scores
Generated for the Species Boxelder.

Matthews, S. N., Iverson, L. R., Prasad, A. M., Peters, M. P., &
Rodewald, P. G. (2011). Modifying climate change habitat models
using tree species-specific assessments of model uncertainty and life
history factors. Forest Ecology and Management, 262, 1460-1472.

Factor Type ModFactor Score Uncert FutureRelevance Weighted
Disturbance Disease -1 0.75 2 -1.50
Disturbance Insect Pests -3 0.5 -7.50
Disturbance Browse -1 0.75 1 -0.75
Disturbance Invasive Plants 0 0.5 2 0.00
Disturbance Drought 3 0.75 3 6.75
Disturbance Flood 2 0.75 3 4.50
Disturbance Ice -1 0.5 2 -1.00
Disturbance Wind -1 0.75 2 -1.50
Disturbance Salt 1 0.5 1 0.50
Disturbance Temperature Gradients 3 0.75 3 6.75
Disturbance Air Pollution -2 0.75 3 -4.50
Disturbance Soil & Water Pollution -2 0.5 1 -1.00
Biological Competition-Light 2 0.5 1 1.00
Biological Edaphic Specificity 2 0.75 2 3.00
Biological Land Use & Planting Site 1 0.75 3 2.25

Specificity

Biological Restricted Rooting Conditions 1 0.75 3 2.25
Biological Nursery Propagation -1 0.75 4 -3.00
Biological Planting Establishment 2 0.75 2 3.00
Biological Maintenance Required -1 0.75 2 -1.50
Biological Invasive Potential -3 0.75 3 -6.75
Adapt Score 441

Adapt Class Medium




NIACS Washington DC climate change resources

High Climate Change Scenario (RCP 8.5)

Tree species projections (simplistic):

Gritdrin Sntaric

Tree characteristics

Adaptive capacity scoring

4 Future heat zone and hardiness zone projections

Time Period Hardiness Zone Range

Climate informed habitat projections 1980-2010 ; ;
Low Emissions  High Emissions Low Emissions  High Emissions
2010-2039 7 8 7to8 8
2040-2069 7to8 8 8 9
2070-2099 8 8to9 8 9to 10

Current and projected USDA Hardiness Zones and AHS Heat Zones for
Washington, D.C. Hardiness zone is determined by the average lowest
temperature over a 30 year period. Heat zones are determined by the
number of days above 86°F.

forestadaptation.org/washington-dc



NIACS Washington DC climate change resources

Tree species projections (simplistic): 5
-
Fy
Tree characteristics 4
C o
.y - . . O %
Additional vulnerability considerations v 3
: L g 2
4 Future heat zone and hardiness zone projections IC
<
Climate informed habitat projections
3
ZONE SUITABILITY:  VULNERABILITY: Supportive Disruptive
:( Sﬂa;f:n;!:u o v :;ad:;ts:;ﬁglemhigh O m;r:—d:ggﬁ?;enotsuﬂabf& POtentiaI Impa cts
® Low-moderate: Suitable zone, A High: Zone not suitable, low adaptability
medium adaptability
Moderate: Suitable zone, low adaptability or zone not suitable, high adaptability

forestadaptation.org/washington-dc




NIACS Washington DC climate change resources

URBAN ADAPTABILITY: ZONE SUITABILITY: VULNERABILITY:
+ High: Species may perform ¥ Suitable ¥ Low: Suitable zone, high O Moderate- high: Zone not suitable,
better than modeled % Not Suitable adaptability medium adaptability
* Medium ® Low-moderate: Suitable zone, A High: Zone not suitable, low adaptability
- Low: Species may perform medium adaptability
worse than modeled Moderate: Suitable zone, low adaptability or zone not suitable, high adaptability
"Invasive species
LOW EMISSIONS HIGH EMISSIONS LOW EMISSIONS HIGH EMISSIONS
ZONE ZONE ZONE ZONE
COMMON NAME ADAPT SUIT VULN SUIT  VULN COMMON NAME ADAPT SUIT VULN SUIT  VULN

Alleghany serviceberry + v v X Honeylocust* . v - X o]
American linden, Basswood ” L X O Ironwood + v v v v
American sweetgum, fruitless + v v v v Japanese flowering cherry - X fay X fa¥
American beach v L] v L] Japanese pagoda tree v . 'Y o]
American elm v . v . Japanese tree lilac + X X
American sycamore v . o . Japanese zelkova + v v X
Amur corktree® + x X Jefferson elm + v v v v
Amur maackia - X X Katsura tree - v X Fa
Amur maple® X o X o Kentucky coffeetree + v v %
Bald cypress + v v v v Kousa dogwood + v v X
Bipinnate goldenrain tree + “ v - v Lacebark elm - v v v v
Black alder X 8] X 0 Littleleaf linden + b4 x
Black locust v L] ® o London planetree o L] * o
Black cak v . * o] Musclewood + v v v v
Black tupelo, Black gum + v v v b MNew Harmony elm + & v v v
Black walnut - v v MNorthern red cak + v v b4
Blackjack oak - v v Morthern white cedar, Arborvitae x O X o
Boxelder v L * o Morway maple® + X X

More information: forestadaptation.org/washington-dc



NIACS Washington DC
climate change resources

Tree species projections can be used to:

* Understand the overall vulnerability of the
region’s urban forest (developed using tree

inventories)

* Used as a tool to help inform decision-

making

* Integrate into adaptation projects to
support approaches & tactics

é_ CLIMATE CHANGE

/ RESPONSE FRAMEWORK

Whowe are~  Assessv  Adaptv  Learn~ Focusv  Contact Q

Washington D.C.

Home 3

Map  Satellite

1owa i
NEBRASKA
+ [LLNOIS | INDIANA.  OHIO
United States
uTAn
coLoRADD i
RANSAS MISSOURI VIRGINIA
KENTUCKY
OKLAHOMA TENNESSEE
- i ARKANSAS ¢
TiERNS, i NEW MEXICO Sounl
: M NA

forestad

-

Assess » Ecosystem Vulnerability » Urban Forests » Washington D.C.

Tree Species Vulnerability

Species distribution modeling suggests that the changing climate will shift
suitable habitat and heat and hardiness zones for various tree species in
the capital regian. The city's urban forest fortunately includes many
native species that are projected to do well or at least survive, even in
higher emissions scenarios. The city also has unique considerations, like
historical and aesthetic species that may be particularly vulnerable, such
as the elms lining the National Mall, which Dutch Elm disease only
through regular inoculation. Climate change vulnerability of urban trees,
including adaptive capacity and zone suitability under low and high
emissions scenarios, is outlined in the tree species handout below.

i ility.pdf (296.58 KB)

NORTH
CAROLINA

NEW
HAMPSHIRE
NEW YORK D
MASSACHUSETTS

er i Gy

PENNSYLVANIA

N,

MARYLAND

+

Kestoard sherlcuts | Map data 22921 Gaoge, INEG|  Termz of Use

Short Summary

Lacated at the center of the Mid-Atlantic seaboard amid the intense
urban development of Maryland and Virginia, Washington, D.C. hosts the
nation’s federal gavernment and the myriad associated industries. The
urban forest covers roughly 38% of the city's area (down from 50% a half
century ago), providing residents with vital ecological services during the
lang, humid summers and giving birth to the historical nickname “the city
of trees.” That canopy, however, is not evenly distributed - studies have
found that the most affluent neighborhoods have 42% more cover than
the least. Compounding these disparities, Washingtonians have no
representation in the U.5. congress and no veice at the federal level in
the climate change debate. Though there are considerable social
challenges to contend with, understanding tree species vulnerability and
key climate change impacts is critical to Washington's climate adaptation
and management efforts in the 21st century

Washing

Climate Change Impacts

The capital is situated on the confluence of the Potomac and Anacostia
rivers, near the Potomac's mouth on the Chesapeake Bay, making the
<ity's waters tidal, and subject to a projected 2-5 feet of sea level increase
by century’s end. The region has already seen an increase of
precipitation, particularly in acute events, which have led to damaging
flaods. Known for its hot and humid summers, Washington D.C. is likely
to experience three times as many dangerously hot days in heat waves of
the future. The urban heat island effect is particularly pronounced in

aptation.org/washington-dc/



Tools to inform Baltimore tree plant

Climate Change Atlas

Search or Browse the Atlas

Search for Trees or Birds

Search for Trees or Birds v

Summary:

Browse Previous Tree Atlas

* NIACS combined multiple datasets into N T =

Modeled potential suitable habitat for 125 tree Patential changes in abundance and range for
species in the East, with an additional 23 species 147 bird species in the East

e with current information only
one list 1or

CLIMATE CHANGE VULNERABILITY OF URBAN TREES
WASHINGTO

Regional Summary Tree Tables

* Each dataset (Tree Atlas, DC results)
uses different methodologies to

Thislist was developed to aid Washington, DL€

community forestry practitioners in selecting trees

o reduce dimate change vulnerability of their urban

forests It is meant to be a complement to other tree
factors may also need

considened, such as aesthetics, local site conditions,

widife value, of nursery availability. It & also important

summaries are based on Version 4 of the Climate Change Tree Atlas

but may not be suitable for planting for other reasons,

* National Forest Summaries + National Climate Assessment (NCJ such 25 having invasive potential or susceptibility to
* National Park Summaries Summaries pesroTpathences.
. « 1x1°Grid Summaries Vulnerability: Trees can be vulnerable 10 2 variety of
. o . HUC6 Watersheds S . relaned stressors such as intense heat, drought,
« Ecoregional Vulnerability Assessments (EVAS) » Eastern United States flonding, and changing pest and disease pattenns.
- USDA Forest Service EcoMan 2007 S + Urban Areas Chimate winerabilty i 3 function of the impacts of
orest Service EcoMa e Urban Areas S Ak ot prEY Y byt
apacity ty The following

Urban Adsprabny ng its tolesanee 1o
isturbances such as deought, flooding, pests, and disease, a5 well a5 ts Qrowth fequirements such a5 shade tolesance.
50 needs, and 358 of Rursery PIOPBOAIoN. SCOrES wers 2550ned 10 SECiEs Lsing Methods developed in an urban forest

- for Chicago for posi ndicates that e
wa e and

* Approaches have differing levels of SR

websites. nd projected heat ngton, O.C
using downscaked cimate models under low emissions (RCP 4.5) and hgh emissions (RCP &:5) scenarnios for changes in
reenhouse gases. i sunable y i the Spacies Tolerance was within the range of
cument and projected hardiness and heat zone through the end of the 215t century.

uncertainty s MY

Attas 2t pewre fafed s/ nes/anias

Cusren:

ind projected USDA Hardiness Zones and ARS Heat Zones for Washington. D.C. Hardiness zone is
830 year period. Hest 20nes are determined by the numbeer of

ays above B6°F.

* Requires local expertise and e e
judgement when interpreting results!

fovsce NIACS

www.forestadaptation.org




GBWC’s Climate-informed tree species list:

Key terms.

~200 trees and cultivars organized by botanical name and common name

Washington DC urban tree results —

e Adapt
e Zone suitability
* Vulnerability

USFS Tree Atlas results for the Greater Baltimore Urban region
e Adapt score

* Abundance

e Habitat change
* Capability

\/

Results describe
habitat suitability

under a future with

* Less warming RCP 4.5

* High, more warming
RCP 8.5




GBWC Combined dataset

Vulnerabilty of Washington DC Urban Trees

USFS Tree Atlas Results for the Greater Baltimore Urban Region

Climate change projection by end of century (2070-2093)

Climate change projection by end of century (2070-2099)

M

LN

Acer Tataricum

A #riflaemn

Tatarian Maple

Thrrm CF masrmee LY RN N

Less warming High emissions, more warming Less warming High emissions, more warming
(RCP4.5 scenario) (RCP8.5 scenario) (RCP4.5 scenario) (RCP8.5 scenario)
Does this species have a Adapt
] pe Rk BOTANICAL NAME COMMON NAME Planted Adapt Zone Suitability Vulnerability Zone Suitability  Vulnerability a Abundance Habitat Change Capability Habitat Change Capability

climate projection? score
DC Heat/Hardiness Acer buergerianum Trident Maple High Suitable Low Suitable Low
DC Heat/Hardiness Acer campestre Hedge Maple High Suitable Low Unsuitable Moderate
DC Heat/Hardiness Acer campestre Hedge Maple - 'Queen Elizabeth’
DC Heat/Hardiness Acer floridanum Florida Maple
N Acer ginnale Amur Maple Medium Unsuitable Moderate-High Unsuitable Moderate-High
N Acer griseum Paperbark Maple Low Suitable Moderate Unsuitable High

Acer negundo Boxelder Medium Suitable Low-Moderate Unsuitable Moderate-High High Common No change Good MNo change Good
Baltimore Tree Atlas
D Heat/Hardiness Acer palmatum Japanese Maple

Acer Rubrum Red Maple Medium Suitable Low-Moderate Suitable Low-Moderate High Abundant Sm. dec. Good Sm. dec. Good
Baltimore Tree Atlas
N Acer rubrum "Armstrong' Armstrong Maple
N Acer Rubrum "Autumn Blaze' Red Maple ‘Autumn Blaze'

Acer saccharinum Silver Maple Medium Suitable Low-Moderate Unsuitable Moderate-High High Rare Sm. dec. Poor No change Fair
Baltimore Tree Atlas
N Acer saccharum Sugar Maple Medium Suitable Low-Moderate Unsuitable Moderate-High High Rare Lg. inc. Good Lg. inc. Good
N Acer saccharum 'Green Mountain'  Sugar Maple - 'Green Mountain'
N Acer saccharum 'Legacy’ Sugar Maple - 'Legacy’
Baltimore Tree Atlas Acer spicatum Maountain Maple High Absent Unknown Unknown Unknown Unknown




What this data can and can’t do

Can do -

* Describe regional habitat suitability for certain trees given climate
change (from less warming to greater warming)

* Links to peer-reviewed, unbiased and scientific data on the topic

* Create connections to broader climate-informed thinking across the
region through the NIACS urban effort.

Can’t do -

* Tell you what to do.

* These are model results and require additional expertise and judgement to
determine site-level suitability



Additional reading: Urban tree species assessment

Read a technical description:

Brandt, Leslie A., Gary R. Johnson, Eric A. North, Jack Faje, and
Annamarie Rutledge, “Vulnerability of Street Trees in Upper Midwest
Cities to Climate Change” Frontiers in Ecology and Evolution (2021):
623. https://doi.org/10.3389/fevo.2021.721831



https://doi.org/10.3389/fevo.2021.721831

Thank you!

Contact us with any questions!

Patricia Leopold (pleopold@mtu.edu)
Danielle Shannon (dshannon@mtu.edu)
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