What are the impacts of climate
change on maple syrup production
and can we manage for them?
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AHow are the timing of the maple AHow is sap chemistry, which
tapping season and the amount contributes to syrup flavor,
of syrup produced influenced by influenced by climate?

climate? AHow are maple producers
AHow could climate change recognizing and responding to
Impact the maple tapping climate change?

season?



Finding the sweet spot: climate optimum for
maple syrup production

T

Joshua Rapp

University of Massachusetts Amherst and Harvard Forest
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maple trees

ATapping season is late winter / S
early spring when frequent  Photo by Hannaheitheiser &
freezethaw cycles occur

ASap is concentrated , most
commonly by boiling

ASugar maple is the most
commonly tapped tree species

Eastman JhnsorSugaring Off¢. 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 productlon?

ATree availability
ATree health

ATiming and length of the
tapping season

AQuantity and quality of sap




Tree availability

ARange shifts predicted but
timing uncertain
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Tree health

AM any aS peCtS to tree h ealth Regional growth decline of sugar maple (Acer saccharum) — Temperature and leaf nitrogen affect performance
and its potential causes of plant species at range overlap
AGrowth effects negative to
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cally different at P = (0L.058 based on ANOVA analysis



How does climate influence syrup
production?

AResearch questions:

How does climate impact the timing of sap flow?

How does climate impact the total sap collected in a season?
How does climate impact sap sugar content?

How has/will climate change impact maple syrup production?

1.

2.
3.
A4




Sap sampling

A6 sites

ASap samples over-@ years per
site

A20 sugar maple trees tapped at
each site

AGravity (bucket) tapping

ASap weight and sap sugar
content measured on sap flow

days
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Climate data |
March Climate

w
o
1

ADaymetdaily data

ACovered complete study area
(including Quebec)

A Calculated monthly means for e

—
o

w
o
1

Maximum Temperature
S S
e I —]
=] v
L e P———

Minimum Temperature
' N
o

analysis . . . .
. . . 40 45 40 45
A Sampling period included nearly Latitude Latitude

full range of climate values
observed since 1980
IR
. i | o-l} L |

400 1

N

o

o

1
w
o
o
1

Precipitation
o
o
>
o

Snow Water Equivalent

Latitude Latitude



When does sap flow?

AWhen there is a freezthaw

cycle.

freeze/thaw cycles
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How Is sap flow related to freezbaw
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

AThe timing of freezethaw
cycles and sap collection are
correlated

AMarch temperature is predictive
of when freezethaw cycles
occur and the timing of sap
collection

Almplication: 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? speces Il e Ml s e
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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

F = 5.352
p = 0.03642
adj RA2=0.22
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How does climate affect the total sap
collected over the season?

Climate (Mar T)
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Summary: theoretical framework
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ASap sugar derives from nonstructural
carbohydrates (NSC), sugars and |
starches stored by the tree in wood

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

ABoth photosynthesis and metabolisn
are influenced by temperature, %
especially temperature during the
growing season



Does summer temperature affect sap sugar
content in the following year?
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Summary: theoretical framework
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Application: modeling climate change
Impacts on maple syrup production

AHow has climate variability and
change over the past few
decades affected the syrup

season? R e NS o

A How could future climate s ‘J'UC W LAY

change impact future tapping A
seasons?
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Projection: Midpoint 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 thaenorth
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Projection Sap sugar content declines

Sap Sugar (Brixx)
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Projection Less syrup produced except in north

Total Syrup (L)
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Summary

AClimate change impacts

ATapping season shifting up to2
weeks earlier by end of century

AChanges in sap collection depend
on location (current climate)

ADeclines in sap sugar content

ALess syrup produced per tap at
most sites




Midpoint of sap
collection
(Day of Year)

Sap Flow (kg)

Sap sugarBrixx)
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Total syrup (L/tap)

Cold
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Temperature
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