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Winter Air Temperatures Rising in New England 

Station 1 at Hubbard Brook (December - February) 
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Snowpack Depth Decreasing in New England 





Reduced Snow Pack Leads to Increased Soil Frost 
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Insulating Properties of Snow 
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Winter Climate Change in the Northeastern U.S. 
Over Next 100 Years 

•  4 to 4.5 oC warmer 
•Reduced winter 

snowpack 
• Increased soil frost 
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Link Between Soil Frost and Nitrogen Leaching 
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• Release of N2O 

• Reduced forest productivity 

• Acidification of stream water 

• Eutrophication (algal blooms) 

• Methemoglobinemia           
 (blue  baby syndrome) 

Nitrogen 

NO3
- Leaching 

Why Care about Nitrogen Leaching? 



•No changes in microbial N 
production 

• Increased root mortality 

 

 

Groffman et al. and Tierney et al. 2001; Cleavitt et al. 2008 

Why Does Reduced Snow Pack and 
Increased Soil Frost Lead to N Leaching? 



Why Does Reduced Snow Pack and 
Increased Soil Frost Lead to N Leaching? 
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•No changes in microbial N 
production 

• Increased root mortality 

 

 

 

• Reduced plant N uptake? 
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Groffman et al. 2001; Tierney et al. 2001; Cleavitt et al. 2008 

•No changes in microbial N 
production 

• Increased root mortality 

 

 

 

• Reduced plant N uptake? 
 

Why Does Reduced Snow Pack and 
Increased Soil Frost Lead to N Leaching? 



Groffman et al. 2001; Tierney et al. 2001; Cleavitt et al. 2008 

•No changes in microbial N 
production 

• Increased root mortality 

 

 

 

• Reduced plant N uptake? 
• Reduced forest productivity? 
• Reduced forest C uptake? 

 

Why Does Reduced Snow Pack and 
Increased Soil Frost Lead to N Leaching? 



CO2 

Less canopy 
C uptake? 

CO2 

Soil Frost and Canopy Uptake of CO2 

Little soil frost Increased soil frost 



Hypotheses 
Reduced snow pack and increased soil frost result in decreased:  
 
• root health and nutrient uptake 
• sap flow and canopy uptake of carbon 
• aboveground productivity 
 
 



Red maple - Red oak 

Hubbard Brook 

Harvard Forest Sugar maple - American beech 



Snow-Removal Experiments 
at Hubbard Brook and Harvard Forest 

n = 4 reference and 4 treatment plots at Hubbard Brook 
n = 3 reference and 3 treatment plots at Harvard Forest 



Snow and Soil Frost Depth Measurements 

Snow Depth Frost tubes with 
methylene blue dye 



Frost tubes with 
methylene blue dye 

clear = frozen 

blue = unfrozen 

Snow Depth 

Snow and Soil Frost Depth Measurements 



Snow and Soil Frost Depth 
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Soil Frost Results in Elevated NO3
- in Leachate 
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Hypotheses 
Reduced snow pack and increased soil frost result in decreased:  
 
• root health and nutrient uptake 
• sap flow and canopy uptake of carbon 
• aboveground productivity 
 
 



Uptake of Nitrogen by Trees by Sugar Maple Trees 

Socci and Templer (2011) 
Plant Ecology and Diversity 
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Uptake of Nitrogen by Trees by Sugar Maple Trees 
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Soil Frost Induces Root Injury of Sugar Maple Trees 

Commerford et al. (2013) Oecologia 
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Soil Frost Induces Root Injury of Sugar Maple Trees 

Commerford et al. (2013) Oecologia 



Reduced snow pack and increased soil frost results in decreased:  
 
• root health and nutrient uptake 
• sap flow and canopy uptake of carbon 
• aboveground productivity 
 
 

Hypotheses 



Sap Flow and Net Canopy C Uptake 

Measuring sap flow Measuring leaf-level gas exchange 
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Soil Frost Reduces Sap Flow by Sugar Maple Trees 



0

500

1000

1500

2000

2500

Sa
p 

Fl
ux

 (L
 m

-2
d-

1 )

Day of Year

Reference

Snow Removal

May 21 June 10 

Templer et al. In prep 

 
Sa

p 
Fl

ux
 (L

 H
2O

 m
2  d

-1
) 

           
Soil Frost Reduces Sap Flow by Sugar Maple Trees 
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Soil Frost Reduces Growth of Sugar Maple Leaves 

Commerford et al. (2013) Oecologia 
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Soil Frost Reduces Sap Flow by Red Maple Trees 



0 

5 

10 

15 

20 

25 

30 

35 

40 

Ca
rb

on
 U

pt
ak

e 
(µ

m
ol

 C
O

2  
m

-2
 g

ro
un

d 
se

c-1
) 

Reference 

Snow Removal 

Red Oak Red Maple 

P = 0.06 

a 
a 

b 

a 23% 
drop 

Soil Frost Reduces C Uptake by Red Maple Trees 



Reduced snow pack and increased soil frost results in decreased:  
 
• root health and nutrient uptake 
• sap flow and canopy uptake of carbon 
• aboveground productivity (litterfall and radial growth) 
 
 

Hypotheses 



Soil Frost Does Not Affect Rates of Litterfall 
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Soil Frost Does Not Affect Rates of Litterfall 
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P = 0.66 P = 0.56 

Pre-Treatment Post-Treatment 

Soil Frost Does Not Affect Basal Area Increment 



P = 0.66 P = 0.56 

Pre-Treatment Post-Treatment 

Soil Frost Does Not Affect Basal Area Increment 



Winter Climate Change Effects on Forest Ecosystems 
 

Smaller winter snowpack and increased soil frost: 

– increase NO3
- leaching due to diminished N uptake by trees 

– decrease rates of water and C uptake by maple trees 

– do not affect aboveground productivity in the short-term 

 

 
 



Winter Climate Change Effects on Forest Ecosystems 
 

Smaller winter snowpack and increased soil frost: 

– increase NO3
- leaching due to diminished N uptake by trees 

– decrease rates of water and C uptake by maple trees 

– do not affect aboveground productivity in the short-term 

 

Implications for biogeochemistry, water quality, and tree species 
composition of northern temperate forests. 
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