What are the impacts of climate
change on maple syrup production
and can we manage for them7
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ACERnNet — Acer Climate and Socio-
Ecological Research Network

* How are the timing of the maple ¢ How is sap chemistry, which

tapping season and the amount contributes to syrup flavor,
of syrup produced influenced by influenced by climate?
climate? * How are maple producers

* How could climate change recognizing and responding to
impact the maple tapping climate change?

season?



Finding the sweet spot: cIimaté optimum for
maple syrup production
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* Xylem sap collected by ‘tapping’
maple trees

* Tapping season is late winter /
early spring when frequent
freeze-thaw cycles occur

* Sap is concentrated, most
commonly by boiling

* Sugar maple is the most
commonly tapped tree species

Eastman Jonso, Sugaring Off, c. 1865, oil on canvas,
Museum of Art, Rhode Island School of Design
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Where is maple syrup produced?
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What are the potential impacts of climate
change on maple syrup production?

* Tree availability
* Tree health

* Timing and length of the
tapping season

* Quantity and quality of sap



Tree availability

* Range shifts predicted but
timing uncertain
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Tree health

* Many aspects to tree health

* Growth effects negative to

Regional growth decline of sugar maple (Acer saccharum) — Temperature and leaf nitrogen affect performance

and its potential causes of plant species at range overlap

Daniee A. Bistor 27+ Coun M. Beter,"* New Peperson, 7 GreGory B. Lawrence,’ NicHOLAS A. FISICH'ELLI,LT ARTUR STEFANSKI,2 Lee E. FRELICH,2 AND PETER B. REcu>?

Joun C. STeLLA," AND TiMOTHY . SULLIVAN®

positive depending on context

Oecologia (2013) 171:261-260
DO 10.1007/s00442-012-2393-x

GLOBAL CHANGE ECOLOGY - ORIGINAL RESEARCH

Influence of experimental snow removal on root and canopy
physiology of sugar maple trees in a northern hardwood forest

Daniel P. Comerford - Paul G. Schaberg -
Pamela H. Templer + Anne M. Socei *
John L. Campbell - Kimberly F. Wallin

Reference Snow remaval

Fig. 2 Mean terminal shoot lengths (£SE) for sugar maple trees
from reference and snow removal plots. Asterisk means are statisti-
cally different at P = (0L.058 based on ANOVA analysis
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How does climate influence syrup
production?

* Research questions:
1. How does climate impact the timing of sap flow?
2. How does climate impact the total sap collected in a season?
3. How does climate impact sap sugar content?
4. How has/will climate change impact maple syrup production?
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Climate data
March Climate
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When does sap flow?

* When there is a freeze-thaw
cycle.
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How is sap flow related to freeze-thaw
cycles?

Tapping Season Mipoint (Day of Year)
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How are the timing of freeze/thaw cycles
and sap flow related to climate?

Freeze/thaw cycles
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Summary: timing of sap flow

* The timing of freeze-thaw
cycles and sap collection are
correlated

* March temperature is predictive
of when freeze-thaw cycles
occur and the timing of sap
collection

* Implication: Long range
forecasts may help syrup
producers decide when to tap

Climate (Mar T) >




How does climate affect how much sap a

producer can collect?

Sap collected = # collections X amount/collection

Sap Weight (kg/tap) / Air Temperature (°C)
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Does climate affect the number of freeze-
thaw cycles and sap collections?

Sap collections
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Does climate affect sap flow per collection

day?
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How does climate affect the total sap
collected over the season?

F=3.076
L k i p = 0.08056
adj RM2=0.22
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Summary: theoretical framework
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What determines sap sugar content?

 Sap sugar derives from nonstructural
carbohydrates (NSC), sugars and
starches stored by the tree in wood

* NSC stores determined by balance of
carbohydrate gain through
photosynthesis, and use through
metabolic activities including growth,
reproduction, defense, and
maintenance respiration

are influenced by temperature,
especially temperature during the
growing season




Does summer temperature affect sap sugar
content in the following year?

Sap Sugar (Brixx)
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Summary: theoretical framework
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Application: modeling climate change
impacts on maple syrup production

* How has climate variability and
change over the past few
decades affected the syrup
season?

* How could future climate
change impact future tapping
seasons?
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Projection: Mid-point of the sap collection
season shifts earlier

Tapping Season Midpeint (Day of Year)
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Projection: Less sap collected at warmer
sites, more in the north

Total Sap Collected (kg)
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Projection: Sap sugar content declines
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Projection: Less syrup produced except in north

Total Syrup (L)
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Summary

* Climate change impacts
 Tapping season shifting up to 2-3
weeks earlier by end of century

* Changes in sap collection depend
on location (current climate)

* Declines in sap sugar content

* Less syrup produced per tap at
most sites




Midpoint of sap
collection
(Day of Year)

Sap Flow (kg)

Sap sugar (Brixx)
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Previous July Temperature

Total syrup (L/tap)
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Latitude
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Total syrup (L/tap)
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Summary

* Climate change impacts * Need to know

* Tapping season shiftinfg up to 2-3 * What other factors influence sap
weeks earlier by end of century flow and sugar content and how

* Less sap collected in most of U.S,, these interact with climate?
but increases at colder/ more * Do the observed relationships
northern sites continue outside of observed

* Declines in sap sugar content range of climate?

* Less syrup produced per tap at * What will inter-annual variability
most sites look like in the future?

* Warm years of the future may not
allow syrup production in much of
sugar maple’s range



