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Understanding Climate Change across
All Seasons Can Inform Forest Carbon
Storage Estimates

When estimating how much carbon
forests store, governments, financial
institutions, and corporations need to
start accounting for reduced snow cover.
Northern temperate forests are expected to lose
95% of their annual snowpack by the end of the
century. Snowpack insulates soil from below-
freezing air temperatures. Without snow, soils
undergo cycles of freezing and thawing during
winter, which damages tree roots and reduces
trees’ uptake of water, nutrients, and carbon. 
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Researchers set up a controlled experiment in a
northern hardwood forest in New Hampshire,
tracking red maple trees across three conditions:
simulating soil warming due to climate change,
simulating both soil warming and reduced snow
cover, and a reference with no change. Buried
heating cables were used to warm the soil 5°C,
while freezing and thawing was triggered by
removing snow and then heating the cables to
mimic temperature swings expected by the end of
the century. Carbon storage was estimated by
measuring tree growth on a monthly basis.

RESEARCH METHODS OVERVIEW

KEY TAKEAWAYS
This study found that ignoring snowpack loss
overestimates how much carbon forests will
store, reducing the power of a critical climate
mitigation strategy.                                        Warming temperatures
are expected to boost annual carbon storage
in northern hardwood forests by 2.24 million
metric tons. However, with expected winter
snowpack losses, that may be overestimated
by 1.25 million metric tons per year. 

However, simulating reduced winter
snowpack and increased cycles of soil
freezing and thawing cut forest carbon
storage gains caused by growing season 

Understanding how forests respond to climate
change across all seasons, not just summer, is
critical for effective carbon storage.                                                                     Accounting
for both growing season warming and winter
changes will improve climate models that
inform decarbonization policies and help
policymakers leverage forests as a nature-
based climate solution.

When simulating expected soil warming in the
growing season (April through November)
due to climate change, forest carbon storage
increased by 63%.                                      Nutrients such as nitrogen,
phosphorus, and calcium are more available to
trees in warmer temperatures. These extra
nutrients stimulate tree growth and carbon
storage. 

                                When soils repeatedly freeze
and thaw over winter, forests still benefit from
warmer temperatures, but those carbon storage
gains are cut to just 31% relative to reference
plots.

warming in half.
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