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Stewardship Service 

Partnership 

~ The Legacy Tree ~ 

Climate change is real and is impacting the 

Commonwealth 's ecological and recreational 

resources. As the state's leading conservation 

agency, DCNR will use the best available science to 

develop and implement climate change adaptation 

and mitigation strategies within each of its bureaus 

to minimize these impacts and serve as a role model 

for the citizens of Pennsylvania. 



Provides practical information,
Climate resources, and technical 

assistance related to forests and 
Carbon climate change 
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University · = 41::.•~. \~-;.;
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Adaptation Demonstrations 

• Federa l 

• State 

Local 

• Multi-ownersh ip 

Triba l 

0 University 

NGO 

• Private 

Forestadaptation.org/demos 



Climate Adaptation Planning Process 

• More than 80 DCNR staff 

• Bureaus: 
• Forestry 
• State Parks 
• Facility Design & Construction 
• Recreation & Conservation 
• Topographic & Geologic Survey 

• Topical areas: 
• Riparian buffers 
• Emergency management 
• Communication 

ADAPTATION WORKBOOK PROCESS 
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Swanston and Janowiak2016; www.nrs.fs.fed.us/pubs/52760 

# of Vulnerabilities 

• Forestry-16 

• Facility Design and Construction -13 

• State Parks - 9 

• Recreation and Conservation - 4 

• Geologic Survey - 3 

www.nrs.fs.fed.us/pubs/52760


Vulnerabilities 

• Staff training and capacity • Emergency management 

• Public outreach and communication • Human health & safety 

• Resource management and planning • Forest pests 

• Changing forest composition • Rare species 

• Habitat connectivity 
• Drinking and wastewater facilities 

• Resilience to flooding 
• Changing recreational demands and seasons 

• Lake and stream resilience 
• Increased wildfire risk 

• Invasive species 



Changing Recreational Demands and Seasons 
Increased demand for water-based summer recreation Fluctuating lake levels 

Decreased winter recreation 
Loss of cold-water fisheries 



Infrastructure Impacts 



Increased Wildfire Risk 

• Add more trained firefighters and equipment 
GFOL: o/t dlen~ in fire probelbility 

• -18.5··13,90 ·7.9• -e.o D 20.o-o10o • 100.0 -120.0 
- ·13.&· ·12.0 0 ·:1.9· ·2,0 40,0-000 • , 20.0- 27'-0 
• -11.9..10.o C •• .s-o . eo.o-eoo 
• -s.s--e.o C o-20 . eo.0-100.0 

• Increase drought monitoring and fire modeling to 
predict risk 

• Use prescribed fire to control fuel loads in wildland­
urban interface areas and to make ecosystems more 
resilient to wildfires. 

http:7.9�-e.oD


Forests Pests & Invasives 

• Incorporate climate change considerations into 
pest response plans and monitoring. 

• Manage for diversity of species and forest types in 
landscapes impacted by pests and invasives. 

• Evaluate whether manipulating density, structure, 
or species composition improves a forest 's ability 
to resist biological stressors. 

• Investigate new methods of invasives control, 
including biocontrol agents. 



Habitat Connectivit & Landsca e-Scale Conservation 

• Conserve key tracts of land that increase connectivity and 
provide migration corridors. 

• Prioritize grant funding that addresses climate change 
impacts on species, natural communities, and connecting 
parcels that facilitate the movement of species. 

• Maintain or create refugia, areas that could potentially resist 
climatic changes. 

• Conserve biological legacies and unique ecological sites. 

---.. 
"" 



• Ensure culverts, bridges, and stream crossings 
connect cold-water stream communities. 

• Restore hydrologic connectivity between riparian 
areas and the surrounding landscape. 

• Plant species along riparian corridors that are better 
adapted to future climate conditions. 

• Monitor lake and stream temperatures, water 
levels, and chemistry for climate change impacts. 

Impacts on Aquatic Habitats 



Changing Forest Composition 
Today 

• Enhance species and structural diversity. 

• Facilitate forest community changes: 

• Favor species adapted to future conditions 

• Manage for species with wide moisture and 
temperature tolerances 

• Establish new mixes of native species 

• Consider assisted migration when needed and only 
after stringent scientific review. 

• Permit the use of seeds and germplasm from across a 
wider geographic range. 

- Whte/Red/Jck_P
D Sprc/Fir 
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CJ Lobly/Shrtlf_P
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FUTURE HEAT ZONES 
The heat zone map Is based on number of days exceeding 86 'f (30 'C) 
and can be used as an Indicator of heat stress on organisms. 

HEATZONES (DAYS El<CEEDING 86 "F) 

• z. 110 7 c:J 4. >1410 JO - 6· >451060 (=:J&. >9010120 
- 3· >7 to 14 - 5 >30 to45 D 7· >60 to 90 c:J9· >120 to 150 

PCM Bl(Low) GFOLAlFI (High) 

1980 to 2009 

1 -W.mm Allegheny Plateau 
3 - Northern Allc:ghcnyP1otuu 
S-Piedmont 

2010 to 2039 

2040 to 2069 

2070 to 2099 

2- Erie and Ontario Laloe Plain 
4 - Aldac and Volley 

6 - Coastal Plaln 

FUTURE HARDINESS ZONES 
The plant hardiness zone map Is based on minimJm annual 
temperature and can be used asan indicator of cold-tolerance of 
plants. Average minim..im temperatures break subzones Into 

incrementsofs•F. 

HARDINESS ZONES ("F) 
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PCM Bl(Low) GFOLAlFI (High) 

1980to 2009 

2010to 2039 

2040to 2069 

2070to 2099 

1 - Western Allegheny Plateau 2· Erle and Ontario Lake Plain 
3 - Northe.m Allegheny Platea11 4 -Ridge and Valley 
S - Pledmont 6 - Coastal Plain 



CLIMATE CHANGE PROJECTIONS FOR INDIVIDUAL TREE SPECIES 
RIDGE AND VALLEY (PENNSYLVANIA SUBREGION 4) 

SPECIES ADDITIONAL CONSIDERATIONS 

UU:lYTO O!Ol!AS! 
Al'Mrian buswood Tohntt:I shldt-. .,JCtptlbte to fire 

American beech Susceptible to beech disea.ses. VffY shade ll:Jlerant 

American m0W1tain.ash Requires speci6c habitat. intolerant of fireand shade 
Atbntic white--cedar Requires specific h«itat. intolerant of fire and drought 

Bal...,, pop!,, Vo9o'>tlvo •- followlngfi,. 
8'glooth aspen 
Bbchsh 
Bid spruce 

Butternut 

Chokecherry 

E_,,, hemlod: 

I 'ii·U3Pk 
-cheny 
Chescnutoalt 

Cucumber tree 

NOCHANGI!' 

81-=klocust 

~-sucessioNI colonizer, susceptible todrought 

Narrowrequirements; Emeraldash borer auses mortahy 
Prone to sa~~nd budworm ~tucks, drought-sensitw 

Prone to buttemut gnker, drought-stn.sttlW 

Sh.de mtoler~nt. sens.itive k> browsing and competit ion 

Estiiblishes from seed or Sl)fout. ~pted '° fwe 
Susceptible to fire topki11 

£¥ly colonizer. l:MA susceptiblt,to locust borer & heart roe 
MIXED MOOll. ltUULTS 

.:.,American=cc·=-=="---"pn,ne=:..:"'=ch.:oesc::1nU= t-=bl::,igh,:t,c:in::,,_==:..:•::.ffi:,:r.:,• ______ 
American homl,o.,,, TOMQt>I shldo. ,u,coptlble., Ml and d,ought 
Blad< Mllow ln-tofshodo. fi,., and d-ought 

Bur oak Drought-tolerant. fire-resistant. adaptS toa varietyof sites 

E~ cottonwood Intolerant o(shade. fire, defolaeors and canken: 
MAY INCIIIASI 

Blod<oak 
Glows on a v¥1ety of sitft. Oukl, elm dise.se 

Orotqlt tolerant. susceptible to insect pestsand d iseases 

Pemsylvania's fo,ests will be affected bya changing climate during 
this century. A team of forest managers and researchers created an 
assessment that describes t he vulnerability of forests in the Mid· 
Atlantlc reolon C,r:::; d21asfd•Pltlll9� 9!9 rold:ttl lc/yuJre ty• 
~ -This handout Is summarized from the fun assessment. but 
focuses on one region in PelV\SYtvania. Mode-I results for additional 
regions can be found online at 
(!:l!w j,,f__ill,l<'......,!2!12!l''!l'~ 

TREE SPECIES INFORMATION: 
The DISTRIB model of the Oimate Change Tree 
Atlas uses Inputs oftrOQ abundanco, climate. 
and onvironmorol attrlbutos to simulate 
current and future species habitat under two 
climate scenarios.. Results for"Sow-and •high· 
climate scenarios can be comparKI on paoe 2 of 
this handout. 

Remember that models are just tools, and 
theyte not perfect. OUtput fro,n OISTRIB does 
not consldor mony biological o, dlsturbanco 
facto,s which favor or limit tree establislvn<!nt. 
growth, or mortality. For example, the 
susceptibility of ash species to emerald ash 
bo,or Is causing wtdosproad mortality and It will 
likely do even worse than the modol sug~s. 
For the 30 most common sped~ we present 
such factors not included in the model that may 
cause spedos to do better o, WOCS<I than models 
suggest 

Despite their limitations, models provide 
useful information about future expectations. 
It's lmponant to think of theso projections as 
lndkatO<S of Potential change in the amount of 
suitable habitat for a species. but that human 
choices and othe< factors will continue t o 
lnfluonco ttOQ distribution, mowmont, and 
forest composition at individual sitos. 

CONTACT: 
Greg CzarMckl (ocz,rnechdOI QOV) 
Climate Change & ReS<1arch c-dlnator, 
PA Department ofConservation and Natural 
Resources. 

Patr1da Leopold (Qb/cpold.. -,1,tdul 
Mid-Atlantic Climate Change Response 
Framework C00<dinator, NIACS. 

~"~-=­s 

www.forestadaptation.org 

Bo,elde, 

C-plnool< 
E~hophornbe-am 

U<2LYTO INCIWlS! 

BtM oak: scrub OK 

Beine-nut hidto,y 
Bbclwalnut 

Widespread andtolerantof dn:iught and sh.de 

Tdtntt:s a 9Jlditm: of t•m~u••t ':'!7adapt.1ble IPe(MS 

Grows across a variety of sites. tolerates sh.de 

Shade intoler~nt. susceptible to fire t~I -.:I tlood 
On:,,ugf,Moltranc. SUKtptibM 10 insects and fn topkll 
Good dispersel.but intolerant olshade anddsought 

Blacl<g~u~m____~Shade •Dl ••"'- fire adcc ted==cc•cccc.= = a,cp.cc-=-----------
Penlmmon SNdt toler•nt 

SOURCE: Prasad AM; Iverson. LR: Pet""- MP; Matthews, SN, 201 4. Climate 
cha~e tree atlas. Northern Research Station, U5. Forest Servic~ Oelawar~ 
OH. ~ttpJII,, " nrs.fs fe<! s .Jtlas. 

FUTURE PROJECTIONS 
Tho OISTRIB modol uses ~orost Inventory and Analysis (FIA) data to calculato an lmponanco Valuo ~V) for oach species on tho 
landscape In order to evaluate potential rrs at the end of this century (2070 - 20991,Those changes are classified In the table 
below a~ 

INCREASE NO CHANGE • OECREASE . NEW HABITAT"' Prr,/<cttdln<nas<ol lkrlc mong, /<l<n6/ ,-.«Jd«t<OHof r,.,AdoJpro/fflJ,,.,. 
>l°"byl/00 pn,j«t,dby1100 >20f6by1roo habitat lor speaanot 

currm~present 

ADAPTABILITY 
Factors not included In the Tree Atlas modeLsuch as the abihty to resp<,nd favorably to d isturbance. may make aspecies more o, 
less able to adapt to future stressors. Specific considerations are provided on page I fo, the 30 most abundant species. 

• 1-oQh 
s,,«..,moyp,r/om, 

0 m<dium - low 
s,,«.., mayp,rlom, 

bett,,rhanmodded worwthan moddttJ 

Hk,11 HIGH 
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CLIMATE CHANGE CLIMATE CHANGE 

SPE'l[S 

Amerbn bu:swood 
American beech 
American chestnut 
American .... 
Amerian hornbeam 
American moootain-ash 
Atbnticwhile-cedar 
a.1,.m poplar 
Bea, oak: saub oak 

~OOth !!e!!! 
Bittemut~ 
-uh-~Blod< locust_.,,... 
Blod<ook 

Blod<wglow 
Blod<gum 

Boxelde r 
Buroak 
Butternut 
Chestnut OM 
Chinkae!!oak 
Chol<echeny_ 
C..CUmbfflrN 
bsterncottonwood 
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E.ucem r«lb.td 
Easl:em redcedar 
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Flow!fl!,9~ 
Gnv bwch 
Green ash 

H~ 
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27 
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K M81) Alfft ADAPT S'O£CIES 

y 0 Northern red OM• y . OsaQe-o<anQe• 
0 Pape,biich"' 
0• ~"' 
0 Persimmon• "'y• P1gnuthaorl 

y y Plnchet!Y-.--. 0 Pin ool< 
0 Pitchpav"' • . Quaking ~~ • • 

Redmople"' "' • • Red m.Abony 
y• Rede!!! 

• • 0 Red-
y Rlw,bird, • 

0 s ..... ,_• "'y . Scarlet oak• - Sen,icebeny- "'--• ·--· S~barkhlc~"' Shellb¥lhickory"' "' Shingleoak • •• S~n•"'-.- y SOvr,ffla,,le 
y S~ppe,ym,• .• Socwwood 

y "' y 0 Southern red ook 
0 Stript,d m,ple• •• • S!:!9:!!: !!!!J21e 

Sw~whiteo.lt• • 
0 Sweet birch• "' 
0 SWfft~"' "'y .• Slcamore 
0 Table mountain pine• • y 0 T1.!Nlrld: (n1tlve)"' • 0 Vi~,e!ne• Whi1eash• •• Whi1eool<"' • 0 w~ 

y "' y Yellow birch 
Yel~e!ar• "' 

FIA IV 

881 

II 
s 

12B 
43 
17 
96 

54 
2021 

6 
40 

449 
187 
166 
4f 

4 
2 
27 
94 

I 
220 
SI S 
12 

826 
I 

38 

16 
117 
844 

S02 
17 
81 
224 

MODEL 
1£1.IA!II.ITY 

H 
M 
H 

L 
M 
H 
M 
L 
H 
H 
H 
L 
M 
H 

H 
H 
M 
M 

M 
H 
M 
M 
H 
H 
H 

H 

H 

H 
M 
M 
H 
H 
H 
H 
M 

H 
H 

CHANGE IGFOL 
PCM 811 AtFII ANIPT. y 

• • 
0• • 
0• • 

"' "' ."' • 
y 0•• •• • 0 

0• • y•• 0"' y 0•• • 
0• "' • 0"' 0• • 

• y 0-.--.---.-
0• "' .• • 
0·---"' • • 
0"' 

"' 
0• 

y•
• 0• 

y•• 0"' 0"' "' • • 
y•• 0"' • •• "' 

0• • 
y 0• 

"' • 
www.fnrodadantatinn .nrn 

www.fnrodadantatinn.nrn
http:www.forestadaptation.org


Mitigation Strategies 

• Carbon sequestration 
• Forest 
• Geologic 

• Energy conservation & sustainable design SOUlce: ERS/IJSDA 

• Sustainable site selection 
• Energy reduction strategies 
• Increase use of solar and geothermal 

technologies 



South Mountain Pilot Project 

• Michaux State Forest 

• Caledonia State Park 

• Pine Grove Furnace State Park 

• King's Gap Environmental 
Education Center 

Questions? 
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