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Overview: Reforestation management 
recommendations under changing climate

• Consider conservation of genetic diversity in 
anticipation of climate change impacts 

• Consider matching species and seed source with the 
expectation of changing climate. 

Sup



Overview: Available Tools 

Websites:

• Climate Estimates, Climate Change and 
Plant Climate Relationships – VT

• Climate-Forest Vegetation Simulator

• Seed Selection Tool



Overview

Focus on a few key ecological genetic concepts:
• 1911 Ponderosa Pine Pioneer Plantation
• Historic and Local Climate Context 



Priest River Experimental 
Station, Est. 1911

Purpose: Research to inform 
management decisions. 

From:http://www.lib.utexas.edu/maps/topo/idaho/













Squillace and Silen, 1962



P = G x E P = G x E

Concepts 

 Common garden experiments are used to assess

adaptive genetic structure and evolutionary response



Walter Kempf: PI



Survival, Height, Volume

Age 12, 20, 50 and 80 years

Age 12, 20, 50 and 80 years
• Survival 
• Height
• Volume Squillace and Silen, 1962





































• 26 Derived climate variables 

Annual Temperature

Mean annual temperature MAT

Temperature: Warmth

Mean annual maximum temperature MMAX

Mean temperature in the warmest month MTWM

Degree-days > 5°C (based on mean monthly temperature) DD5

Degree-days > 5°C accumulating within the frost-free period GSDD5

Temperature: Coldness

Mean annual minnumum temperature MMIN

Mean temperature in the coldest month MTCM

Degree-days < 0°C (based on mean monthly temperature) DD0

Degree-days < 0°C (based on mean minimum monthly temperature) MMINDD0

Seasonal Temperature: Balance and Timing 

Temperature differential between mean warmest and coldest months TDIFF

Julian date the sum of degree-days > 5°C reaches 100 D100

Julian date of the last freezing date of spring SDAY

Julian date of the first freezing date of autumn FDAY

Length of the frost-free period (days) FFP

Timing of Annual Precipitation 

Mean annual precipitation MAP

Growing season precipitation, April to September GSP

Spring precipitation: (April+May) SPRP

Summer precipitation: (July+August) SMRP

Winter precipitation: (November+December+January +Febuary) WINP

Precipitation: Sesonal Balance

Ratio of growing season precipitatioin to total precipitation, gsp/map PRATIO

Interaction of Temperature and Precipitation 

Annual dryness index, dd5/map ADI

Summer dryness index, gsdd5/gsp SDI

Adi*mmindd0 ADIMMINDD0

Summer dryness index, gsdd5/gsp SDIMMINDD0
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• MMINNDDO

• 10 Studies 
• Age 3 -22 years old

• 38 – 138 population



Rehfeldt et al. 2014



Key Points 

• Climate maladaptation is expressed as decreased health and 
productivity. 

• Cold hardiness should be considered when moving populations from 
warmer to colder contemporary climates. 

• Species that are more finely attuned to climate variation (specialist) 
are at greater risk of maladaptation under changing climate



Rehfeldt, Leites, Joyce, Weiskittle - Unpublished
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Reforestation Management 
Recommendations Under Changing Climate

• Consider conservation of genetic diversity in 
anticipation of impacts of changing climate

• Consider matching species and seed sources with 
expected future climates.



http://charcoal.cnre.vt.edu/climate/

• Nicholas Crookston, USDA Forest 
Service Ret. 



Climate FVS

• Nicholas Crookston, USDA Forest 
Service Ret. 



https://seedlotselectiontool.org

• Glenn Howe, Oregon State 
University

• Brad St.Clair, USDA Forest 
Service

• Dominique Bachelet, 
Conservation Biology Institute



http://www.torreyaguardians.org/assisted-
migration.html

• Connie Barlow



See: https://climateinw.wordpress.com/2017/03/06/winter-wont-
end/


