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Goal: Determine how tree 
regeneration in the Northeast 
will respond to midwinter 
warming and early spring 
events in order to provide 

forest managers needed 
information to prepare for the 
future.
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Objective: Identify the 
phenological sensitivity and cold 
tolerance of tree species in 
response to warming events and 
the risks associated with 

subsequent re-freezing.



Study Area & Species

Conifers

Balsam fir

Eastern red cedar

Red pine

Red spruce

White pine

Deciduous

American chestnut

Paper birch

Red maple

Red oak

Sugar maple
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Warming Scenarios



Deciduous Phenology Guide
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Conifer Phenology Guide



Species naturally leaf out on different days
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DOY 123

DOY 137

DOY 150

DOY 129

DOY 141

DOY 166

DOY 141

DOY 132 DOY 135

DOY 147



Early spring forces early leaf out
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C = Control

ES = Early Spring

F14 = February 14 Days

M14 = March 14 Days

M7R = March 7 Days Repeated

15 Days

17 Days

18 Days

37 Days

28 Days17 Days

16 Days 17 Days

5 Days

10 Days
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Leaf out drivers are species specific

GDD 

Dependent

DOY 

Dependent
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Photo credit: Dr. John Butnor, USFS

Cold Tolerance

● +4°C to -80°C
● Measured 3x
● Two weeks of warming
● Stem tissue
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2 weeks of warming reduces cold tolerance

Scenario

ES: Early Spring

F14: February 14 Days

M14:  March 14 Days



● Winter Warming Events

○ For most species, no major change in leaf 

out date

○ Dramatic loss in cold tolerance for white 

pine, red pine, and paper birch
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Broader Implications

● Early Spring Events

○ Leaf out occurred 2 - 4 weeks early for most 

species (except red pine and red spruce)

○ Major loss in cold tolerance for white pine, 

red pine, and paper birch

● Assisted migration and flexibility

● Next steps:

○ Budburst, chilling, and forcing



Thank You!

● Funded by: Northeastern States Research Cooperative

● Cooperators and Partners: U.S. Forest Service, Schoodic 

Institute at Acadia, The American Chestnut Foundation, Blue 

Hill Heritage Trust, MaineTREE, Schoodic Institute, Forest 

Society of Maine, Appalachian Mountain Club, Piscataquis 

County Soil & Water Conservation District, Maine Forest 

Service, Newell Tree Farm

● Field Technician: Cassie LaCasse, Undergraduate Capstone 

Project

● Lab members: Brigid Mrenna, Emily MacDonald, and Megan 

Grega

For more information: laura.pinover@maine.edu
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