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Historic Climate Variability: Northeast

Å1930-2005:  one of the wettest periods since 1500 CE

ÅFew drought periods: 1930s, 1960s

Pederson et al. 2015



Recent Climate Variability: Northeast

ÅLast ~ 25 years:  Wetter than the previous 25 
years (1960-1986)

Peters et al. 2015

Percent Change in Drought Severity Index (1960-1986 vs. 1987-2013)



Predicted Future Precipitation: Northeast
ÅIncreasing total annual precipitation

ÅMore frequent extreme precipitation events

ÅSpring wet spells; Summer droughts

2014 U.S. National Climate Assessment; Swain & Hayhoe2015



2016 Extreme/Severe Drought in the NE

January 17, 2017September 20, 2016



Sensitivity and resilience of northern 
forests and tree species to drought?

ÅFuture droughts (and wet spells) will likely fall outside 
the climate space to which NE tree species are adapted

ÅMany northern hardwood forest species (e.g., Sugar 
Maple) may be especially vulnerable to drought:
ÅPast drought events rare
ÅLimiting resources: light and nutrients
ÅMesophyticƴƻǊǘƘŜǊƴ ƘŀǊŘǿƻƻŘ ǎǇŜŎƛŜǎ Ґ άŘǊƻǳƎƘǘ 
ƛƴǘƻƭŜǊŀƴǘέ ςbut lack of research



Outline of Talk

ÅSugar maple response to past climate (tree rings) 

Å2016 drought and drought experiments in NH

ÅSensitivity of sugar maple to drought: what do 
όŘƻƴΩǘύ ǿŜ ƪƴƻǿΚ

ÅImplications for syrup production

ÅSummary and future research directions



Sugar Maple Response to Past Climate: 
Research Questions 

ÅWhat climate variables affect sugar maple growth, and do 
they differ across the northeast?

ÅHow does its sensitivity of sugar maple compare with 
other species? (beech, white ash, red spruce, hemlock, 
red oak, yellow birch, yellow poplar)



Study sites





Growth correlations with precipitation

SUGAR MAPLE BEECH RED SPRUCE RED OAK

WV PA NY VT NH ME NY NH NY NH WV PA

Precip

prev may ~- ~+ ~+ ~+

prev jun ~+

prev jul ~-

prev aug ~+

prev sep

prev oct ~+

prev nov ~- ~+

prev dec ~+ ~-

jan +

feb

mar ~+

apr

may ~- ~- - ~+

jun ~+ +

jul + ~+ - + ~+

aug ~- ~+

sep ~+

ÅSouth (PA): SM likes 
wet summers

ÅNorth (ME, VT): A 
snowy winter good for 
maple in climates with 
reliable snowpack 
(frost damage).

ÅNorth previous year: 
mixed, but not very 
water sensitive



SUGAR MAPLE BEECH RED SPRUCE RED OAK

WV PA NY VT NH ME NY NH NY NH WV PA

Temperature

prev may

prev jun

prev jul - - ~-

prev aug - -

prev sep

prev oct ~+

prev nov ~+ +

prev dec

jan ~-

feb - ~+

mar

apr +

may ~+ ~+

jun -

jul - ~-

aug

sep ~- +

Growth correlations with temperature

ÅSouth (PA): hot 
summers are bad 
for SM 

ÅNorth (NH, NY): 
warm winter is bad 
for SM (snowpack 
freeze-thaw?)



What else can we learn from tree cores?: WUE

ÅWater use efficiency (WUE):  How much water is lost relative 
to the amount of carbon taken up by photosynthesis

ÅTradeoff between photosynthesis and water loss:
ÅTo photosynthesize, a leaf must lose water.
ÅTo conserve water, a leaf must reduce photosynthesis.

ÅHigh WUE indicates water 
stress(reduced 
photosynthesis to conserve 
water)

ÅCarbon isotopes in tree 
rings reflect the WUE 
during each growing season
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spruce:  +32%

sugar
maple:  +29%

beech +40%

WUE increased since 1950, driven by the increase 
in atmospheric CO2 concentrations (30%)  

Enhanced drought resistance?

Average trends across all sites by species



SUGAR MAPLE

WV PA NY VT NH ME

Precip (hypothesized relationship is negative)

prev may

prev jun

prev jul ~+

prev aug ~-

prev sep ~-

prev oct ~+ ~- ~-

prev nov ~-

prev dec

jan

feb

mar

apr

may

jun - -

jul ~- -

aug

sep

WUE correlations with precipitation: Sugar Maple

ÅHigh WUE = high 
stress (red)

ÅSouth: Dry June is bad 
for SM

ÅNorth: More 
correlation with 
previous growing 
season precip

ÅVT, NH, ME: negative 
response due to lower 
carbohydrate stores 
(NSCs) mobilized for 
wood growth and 
metabolism? 

ÅMore on NSCs laterΧ



WUE correlations with temperature
SUGAR MAPLE

WV PA NY VT NH ME

Temperature (hypothesized relationship is positive)

prev may

prev jun ~- -

prev jul

prev aug - ~+ ~-

prev sep ~+ ~+

prev oct

prev nov

prev dec +

jan ~-

feb

mar ~+

apr ~-

may -

jun

jul +

aug

sep + ~+

ÅPA: Hot growing 
seasons are especially 
bad for SM (more 
important than 
moisture)

ÅNY: warm growing 
season less stressful

ÅVT: Sensitive to 
previous growing 
season temperature



Drought Experiments in New Hampshire

Hubbard Brook, 
White Mnts.

UNH Thompson 
Farm, Durham

Research Questions:

Å How do different 
northern forest types 
and species respond to 
extreme drought?

Å What are the 
underlying 
physiological 
mechanisms that 
determine processes 
of dieback and 
mortality?



Å~ 50% removal of throughfall(June ςSeptember): 1-in-100-year drought

Thompson Farm Hubbard Brook

ÅMature white pine and red oak forest

ÅTwo replicated 30 x 30 m plots

ÅPre-treatment data: 2014

ÅFirst treatment year: 2015

ÅYoung red maple- dominated forest 

ÅTwo replicated 15 x 15 m plots

ÅPre-treatment data: 2013

ÅFirst treatment year: 2014



Å2016 drought 
less severe in 
the White 
Mountains 
compared to 
SE New 
Hampshire

September 20, 2016



Measurements in drought plots

Decomposition
Litterfall

Fine root biomass

Soil Respiration

Soil 
moisture

Tree diameter 
increment

Tree sapflow Foliar gas 
exchange


