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Results of our study show that the projected reduction in the depth and duration of the winter 
snowpack leads to greater depth of soil freezing and increased frequency of soil freeze/thaw cycles 
in northern forest ecosystems. These changes in winter climate lead to reduced rates of sap flow by 
red maple (Acer rubrum) and sugar maple (Acer saccharum) trees at the beginning of the growing 

season, but no change in red oak (Quercus rubra) trees. 

Funding support for this project was provided by the Northeastern States Research 
Cooperative (NSRC), a partnership of Northern Forest states (New Hampshire, Vermont, 

Maine, and New York), in coordination with the USDA Forest Service. 
http://www.nsrcforest.org  



Project Summary 
Climate models project winter warming in the northeastern United States of ~4 °C by the end 
of the 21st century and a 12-30% increase in winter precipitation, with a greater proportion 
falling as rain compared to what is currently observed. These changes in climate are expected 
to result in a reduced snowpack depth and duration. In the absence of an insulating layer of 
snow, soils can freeze when air temperatures drop below freezing. In recent years, considerable 
progress has been made in our understanding of how soil microbial activity and nutrient 
cycling might respond to reduced snow cover and increased soil frost. However, the response 
of growing season plant dynamics to changes in the winter snowpack is less well understood. 
The objectives of our research were to determine the impacts of a reduced winter snowpack and 
increased frequency of soil frost on early growing season plant dynamics such as sap flow in 
northern hardwood forests. We conducted two snow-removal experiments, one at Hubbard 
Brook in New Hampshire and the other at Harvard Forest in Massachusetts. Snow was 
removed from treatment plots (13 X 13 m2) for the first four to six weeks of winter to expose 
soils to below freezing air temperatures and to induce freeze/thaw cycles. Our results show that 
a greater depth and duration of soil freezing and increased frequency of soil freeze/thaw cycles 
lead to reduced rates of sap flow in red maple and sugar maple trees at the beginning of the 
growing season, but no change in the more deeply rooted red oak trees. This project provides 
new insight into the relationship between winter climate change and the movement of water in 
northern hardwood forests and demonstrates that not all tree species will respond the same way 
to winter climate change. 



Background and Justification 
• Projected changes to winter climate in the northeastern United States indicate a 

future reduction in the annual accumulation of the snow pack1 

 
• The loss of an insulating snow pack could lead to increases in annual soil frost 

depth and/or duration2,3  
 
• Increased soil frost has been linked to a 14-29% increase in fine root mortality 

and a decrease in fine root vitality in both dominant hardwood and coniferous 
trees4,5 
 

• Soil frost can increase                                                                                                  
net mineralization and                                                                                          
nitrification in forests6,7 

 
 
 
 
 
 
1Hayhoe et al 2006, Climate Dynamics 
2Hardy et al. 2001, Biogeochemistry 
 3Goodrich 1982. Canadian Geotechnical J. 
4Tierney et al. 2001, Biogeochemistry 
5Cleavitt et al. 2008, Can. J. of ForestResearch 
6Groffman et al. 2001, Biogeochemistry 
7Fitzhugh et al. 2003, Soil Science Soc. of Am. 

View from Hubbard Brook Experimental Forest, 
White Mountains National Forest, New Hampshire 



Methods: Snow Removal 
• Manual snow removal during the first four to six weeks of winter 

to induce soil frost  
 

• Even after snow accumulation, soil frost persisted for the 
duration of winter 
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Methods: Soil Temperature 
• Snow removal led to increased depth and duration of soil 

freezing, as well as increased frequency of soil freeze/thaw 
events. 



Methods: Sap Flow 
• We used the Granier Method to measure rates of sap flow continuously 

throughout the growing season in three sugar maple trees per plot at 
Hubbard Brook (n=24 trees) and two red maple and two red oak trees 
per plot at Harvard Forest (n=24 trees). 
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Figure credit: www.biota-w02.de/company4.html 



Soil Freezing Reduces Rates of Sap Flow for 
Sugar Maple Trees 

(especially at the beginning of the growing season) 
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There is a Trend for Soil Freezing to Reduce Rates 
of Sap Flow for Red Maple, but not Red Oak, Trees 



Implications and applications 
in the Northern Forest region 

• Our results show that the projected decrease in the winter snowpack 
will likely lead to greater frequency of soil freeze/thaw cycles in the 
northern forest. This change in soil conditions will have effects on the 
northern forest, but it depends on tree species. 

• We found that rates of sap flow were reduced at the beginning of the 
growing season, but only for shallow rooted tree species, including red 
maple at Harvard Forest and sugar maple at Hubbard Brook. In 
contrast, we found no effect of soil freezing on rates of sap flow by the 
more deeply rooted red oak trees. 

• These results show that tree species vary in their response to soil 
freezing, which could have implications for future tree species 
composition of the northern forest. If red oak trees, and other more 
deeply rooted species, are more resilient to colder soils and greater 
frequency of soil freeze/thaw events, it is possible that this species 
could out-compete other co-occurring species. 



Future directions 
• The results from this NSRC funded research provided 

some of the Background information used in a National 
Science Foundation CAREER grant proposal, which was 
funded in 2011. In this new work, Templer is determining 
the combined effects of  soil freezing in winter and soil 
warming in the growing season on the northern forest 
ecosystem.  Results from this work will allow us to 
determine the combined effects of climate change across 
seasons on northern forest ecosystems (see next slide for 
experimental design). 
 
 



Presenter
Presentation Notes
Background and design for new experiment led by P. Templer at Hubbard Brook. Funds from this NSRC proposal provided key results used as background information for the NSF CAREER proposal supporting this new work.



List of products 
Invited Conference presentations (Templer): 
• Environmental Monitoring, Evaluation &Protection in New York: Linking Science and Policy, 

November 2013, Albany, NY 
• New Hampshire Association of Natural Resource Scientists, Watershed Ecology Workshop, May 

2013 
• Darwin Festival, Salem State University in Salem, MA, February 2013 

 
 

Invited seminars (Templer): 
• Brookline High School, AP Environmental Science Class, Brookline, MA, April 2013 
• Columbia University, Department of Ecology, Evolution & Envir Biology, New York, NY

 October 2012 
• Brown University, Department of Ecology & Evolutionary Biology, Providence, RI, February 2012 
• Harvard University, Arnold Arboretum, Boston, MA, February 2012 
• Brookline High School, AP Environmental Science Class, Brookline, MA, December 2011 
• Cornell University, Program in Biogeochemistry, Ithaca, NY, November 2010 

 



Planned Publication  

• Templer PH, AM Socci, M Friedl, N Phillips. Effects of winter 
climate change on rates of sap flow in northern hardwood forest 
ecosystems. In Preparation. 
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