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How may climate change impact 
the maple syrup industry? Our 
team of interdisciplinary re-

searchers, ACERnet (Acer Climate and 
Socio-Ecological Research Network), 
has been working to understand the 
complex answers to this question for 
the past several years. In particular, we 
are interested in examining how cli-
mate impacts the timing of the maple 
tapping season as well as both the qual-
ity and quantity of sap collected during 
the tapping season. 

As part of our research, ACERnet is 
carrying out observations and collec-
tions following a standardized protocol 
at six sites distributed across the range 
of sugar maple (Figure 1; www.blogs.
umass.edu/acernet). Initial observa-
tions and collections started in 2012 at 
Harvard Forest in central Massachu-
setts where research focused on un-
derstanding changes in sugar content 
and quantity of sap, and subsequently 
expanded to sites in Virginia, New 
Hampshire, Quebec, and Indiana. 

Members of our ACERnet team re-
cently reported on how the timing of 
the tapping season, the volume of sap 
collected, and the sugar content of the 
sap is related to climate in a scientific 
article published in the journal Forest 
Ecology and Management (Rapp et al. 
2019). As part of this study, we used 
projections of future climate from the 
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World Climate Research Programme 
(CMIP5; Taylor et al. 2012) based on the 
RCP 8.5 climate scenario of the Inter-
governmental Panel on Climate Change 
(IPCC 2014) to make projections of av-
erage sap and syrup production over 
the next several decades. 

What we did

We tapped trees over multiple years 
according to guidelines of the North 
American Maple Syrup Producers 
Manual (Heiligmann et al. 2006) at six 
sites across sugar maple’s range. These 
included sites near the southern limit of 
where sugar maple grows in southwest 
Virginia, near the northern limit of sugar 
maple habitat in Quebec, and in eastern 
(Massachusetts and New Hampshire) 
and western (Indiana) parts of sugar 
maple’s distribution. Together, these 
sites cover most of the range of climate 
conditions experienced by sugar maple 
trees in their native range. Our data col-
lection included years with unusually 
warm (2012, 2016) and unusually cold 
(2014, 2015) winters. This allowed us to 
better understand how sap quality and 
quantity vary with climate conditions. 

At each site, we collected sap from 
between 15 and 25 trees using grav-
ity tapping techniques (buckets or sap 
bags) on each day where enough sap 
was running to be collected (usually at 
least 1 quart of sap per tap). For each 
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Figure 1. Location of ACERnet sap collection sites. Gray area shows the distribution of 
sugar maple.

sap collection from individual trees, we 
weighed the amount of sap collected 
and used a hand-held digital refrac-
tometer to measure the sugar content 
of the sap dripping out of the taps (Fig-
ure 2). Sugar content is one key param-
eter of sap quality. With these daily sap 
data, we were able to calculate the total 
amount of sap and the average sugar 
content of the sap over the entire sea-
son. In addition, we were able to deter-
mine the day on which half of the sap 
collected during the season occurred as 
a measure of the timing of the tapping 
season. The day when half of the sea-
son’s sap has been collected is a better 
measure of the timing of the tapping 
based on the physiology of trees than 
the traditional measure of the date of 
tapping, since the date of tapping can 
be affected by human-decision mak-
ing rather than being a true measure of 
when the sap is flowing.

 After collecting data on sap flow 
and sugar content, we compared these 
data to temperature and precipitation 
both during the tapping season as well 
as the previous growing season. Specif-

ically, we analyzed climate during the 
tapping season in relation to the tim-
ing of sap collection and the amount of 
sap collected, and we analyzed climate 
of the previous growing season in re-
lation to sap sugar content. The sugar 
in sap is a product of photosynthesis, 
and we hypothesized that the previous 
growing season climate would influ-
ence how much sugar the trees could 
make and how much would be stored 
in the wood to be released into the sap 
the following year. We tested several 
climate metrics including average tem-
perature and precipitation for each in-
dividual month. Ultimately, we found 
that the average temperature between 
January and May had the strongest as-
sociation with both timing of the tap-
ping season and the total amount of sap 
collected. This January to May period 
corresponded with our network-wide 
sap flow season (sap began flowing in 
Virginia during January and ended in 
Quebec in May). The average tempera-
ture of the previous growing season 
(May – October) had the strongest as-
sociation with sap sugar content. 
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Figure 2. Students at the Dartmouth Col-
lege Organic Farm measuring sap as 
it is collected. On the left, Dennis Reilly 
weighs the sap in a sap bag, while on the 
right, Emily Grotz measures sap sugar 
content using a digital refractometer.

After determining the relationships 
between the sap flow quantity, sugar 
content, and climate, we then used 
projections of future climate to project 
future sap and syrup production at our 
sites and across sugar maple’s range 
through the end of the century. We used 
projections from 14 different climate 
models that have been shown to be reli-
able for the northeastern United States 
(Karmalkar et al. 2019). Results of each 
of these projections were combined to 
show the average and range of values 
expected for the timing of the tapping 
season, the amount of sap collected, the 
sugar content of sap, and the amount of 
syrup that could be produced from that 
sap through the end of the century.

What we found

Our results showed that the tim-
ing of the tapping season, amount of 
sap collected, and sap sugar content 
were all related to climate (Figure 3). 
The warmer the tapping season, the 

earlier the tapping season, with the 
midpoint of the sap collection season 
moving about 2 days earlier for every 
1 °F warmer the overall season aver-
age temperature. The greatest amount 
of sap was collected when the average 
temperature of the tapping season was 
approximately 34 °F (1 °C), with much 
less sap collected when season average 
temperatures were higher than 40 °F or 
lower than 30 °F. Warmer growing sea-
son temperatures were further associat-
ed with a lower sap sugar content in the 
following tapping season with a change 
of 10 °F in growing season resulting in a 
0.5 °Brix in sugar content.

 The relationships we found from 
our data analysis imply that over the 
last half of the 20th century, the sweet 
spot for maple syrup production was 
a wide swath across the center of sug-
ar maple’s range, covering the Great 
Lakes, southern Ontario and Quebec, 
and New England (Figure 4). During 
most years in this region, the midpoint 
of the tapping season was in March, sap 
flow was 40 quarts or more per tap, sap 
sugar content was greater than 2.2 °Brix 
(the sugar content required for the tra-
ditional 40:1 ratio of sap to syrup), and 
more than 1 quart of syrup per tap was 
produced. 

Projected changes in climate from 
general circulation models imply a shift 
in the optimal area for maple syrup 
production to the north, and a reduc-
tion in overall syrup production on a 
per tap basis across most of the area 
that was formerly the most produc-
tive region for maple syrup produc-
tion (Figure 4). Projections for the end 
of the century include the midpoint of 
the tapping season occurring before 
March 1 across most of the U.S. range of 
sugar maple except for the region near 
Lake Superior, the Adirondacks, and 
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Figure 3. Mean tapping season (January – May) temperature was related to both (a) the 
day on which 50% of the total sap was collected for the season, and (b) the total amount 
of sap collected for the season. (c) The previous growing season (May – October) mean 
temperature was related to sap sugar concentration. Points represent means for each 
site in each year of sampling, while the lines show the overall modeled trend.

the northern Appalachians. The tap-
ping season is expected to move earlier 
in Canada, with a midpoint in March 
in most areas except southern Ontario 
and Quebec in the St. Lawrence River 
valley. This same region is expected to 
have sap flow greater than 40 quarts 
per tap in most years, with warmer ar-
eas having lower sap yields. Sap sugar 
content is expected to decrease across 
the range, with sap sugar contents ex-
ceeding 2.2 °Brix projected to occur 
only in the northernmost part of sugar 

maple’s range. Syrup production per 
tap is expected to decline in most areas, 
only increasing and being greater than 
1 quart per tap in the far northern edge 
of where sugar maples grow.

For more detailed analysis and addi-
tional maps of projected sap productiv-
ity, please see the original open-access 
scientific article which is freely avail-
able at: https://www.sciencedirect.com/
science/article/pii/S0378112719303019.
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Figure 4. This figure shows the percent of years expected to exceed a threshold in the 
past (1950–1999) and future (2090 – 2099) based on the relationships between climate 
and sap flow from ACERnet data, and historical climate data or future climate projec-
tions. Thresholds are derived from traditional rules of thumb for maple syrup production: 
the midpoint of sap collection being during March, the ratio of sap to syrup being 40:1, 
and a good crop being more than 1 quart of syrup per tap. The thick black line outlines 
the range of sugar maple.

Climate: continued from page 23

What it means

For producers, the effects of climate 
change on maple production will de-
pend on where one’s sugarbushes are 
located. More southern areas are ex-
pected to experience the most detri-

mental effects of climate change, with 
the production of maple syrup being 
near impossible in some years. This is 
true even now for our Virginia field 
sites in the southern Appalachians. 
In areas such as the northern Appala-
chians, Adirondacks, northern Great 
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Lakes, and parts of Quebec, effects are 
likely to be less severe but still negative. 
Alternatively, in northern areas of sug-
ar maple’s range in Ontario and Que-
bec, production may even benefit from 
climate change. However, sap sugar 
content is expected to decline every-
where, making the traditional ratio of 
40 gallons of sap to 1 gallon of syrup a 
thing of the past. This implies that more 
energy may be needed to make a gallon 
of syrup, and an increase in the num-
ber of taps will be needed to maintain 
current levels of production. These new 
taps will be most productive if they are 
added in more northerly and higher el-
evation areas, if sugar maple trees can 
be found in those locations.

Overall, our findings provide evi-
dence that the maple industry is being 
impacted by climate change including 
shifts in tapping season characteris-
tics along with sap quality and quan-
tity. The impacts of these shifts vary 
depending on geographic location as 
well as management practices. Optimal 
management of responding to climate 
effects on the maple industry calls for 
greater understanding of the social and 
ecological dimensions of maple pro-
duction to strengthen the resilience of 
sugar bushes and maple producers. 

Next Steps

While our findings align with stud-
ies that suggest that tree health and 
abundance, tapping season character-
istics, and sap quality and quantity are 
shifting with climate change (reviewed 
in Rapp 2016), more research is needed 
to fully understand all aspects of these 
factors. Our ongoing research includes 
measuring the chemistry of sap, includ-
ing phytochemical compounds that in-
fluence the flavor and health attributes 
of maple syrup. In addition, we have 
been surveying maple producers to un-

derstand perceptions and management 
practices associated with maple tap-
ping in the context of climate change. 
The results of these studies will be re-
ported in future publications, and we 
hope to apply these findings towards 
identifying practices and programs to 
strengthen the capacity of maple pro-
ducers to adapt to climate change. 
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