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The Sugar Maple tree (Acer saccharum)



Native Americans taught the colonists about making maple syrup



Collecting Sugar Maple Sap
late winter-early spring for about 4-6 weeks 

Historical – small scale Modern – large scale



Creating Maple Syrup
40:1 ratio – evaporate!

Historical – small scale Modern – large scale



1. Cold nights (< 0C) followed by warm days (~3-7C )  creates positive 
differential. 

2. Repeating cold-warm temperature cycles necessary to sustain flow and 
economic production of syrup.

3. When temperatures are consistently too warm (>10C) and bud break 
begins, the traditional sap season is over. 

4. New technology can extend and make for more productive seasons 
but these conditions also still show strong latitudinal gradients!

What makes for a good sap flow?
Sap flow is primary temperature dependent, with some influence of 
conditions of prior growing season (influence carbohydrate storage)



1. Cold nights (< 0C) followed by warm days (~3-7C )  creates positive 
differential. 

2. Repeating cold-warm temperature cycles necessary to sustain flow and 
economic production of syrup.   More sustained in Northern locations 
and slower thaw best for production

3. When temperatures are consistently too warm (>10C) and bud break 
begins, the traditional sap season is over.  Happens quicker in south

4. New technology can extend and make for more productive seasons 
but these conditions also still show strong latitudinal gradients!

What makes for a good sap flow?
Sap flow is primary temperature dependent, with some influence of 
conditions of prior growing season (influence carbohydrate storage)



Objectives

 What are spatial patterns of sugar maple trees, 
taps, and production of syrup now?

 What might be the impact of a changing climate on 
these patterns?



Maple Syrup is North American Product,
73% in Canada, 27% in US

41% of US syrup from Vermont 
18% from New York
16% from Maine 
Rest of states < 6%

KY

Gallons of syrup (*3.79 for liters)

Calculates to ~$136 million value of syrup in US,
and about 3x that in Canada.



Gallons Produced by State, 2012

National Agricultural Statistics, Census

Total via NASS:
2.3 million

1.0 m from VT

(NASS Census data are 
substantially smaller than
Survey data)
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Maple Syrup, 1992-2015

NASS Survey Data of 10 Primary States

Increasing production, but also more variability



Where is Sugar Maple in US?



Total number of live sugar maples

Total, via FIA: 9.25 Billion

1.4 billion: Michigan
1.2 billion: New York



Number of live sugar maples, by 10x10 km

Based on FIA plots and estimates of forestland per cell



Number of large sugar maple trees

FIA data

Total number, via FIA:
406 million, only 4.4% 
of total maple trees



Calculating Potential Taps and Percentage Tappable

 Conservative approach to calculating taps:
 Only sugar maple (not red or other maples)
 One tap for trees 13-21 inches (33 – 53 cm)
 Two taps for trees > 21 inches (> 53 cm)

 Ratio of taps (NASS) to potential (FIA) = Pct Tapped 
or Potentially Tappable



Number of maple syrup taps, by state

National Agricultural Statistics, Census

Total, via NASS:
11.4 million

4.3 m in VT
2.1 m in NY
1.9 m in ME



Number of potential taps, by state

Assuming 1 tap for 13-21 inch trees, 2 taps for >21 inch trees, FIA data

Total, via FIA:
448 million

93 m in NY
70 m in MI
41 m in PA
36 m in VT
…
2.6 m in NC



Percentage of potential taps tapped

Ratio of taps (NASS) to potential taps (FIA)



What impact might a changing 
climate have on sugar maple, and 
the syrup industry?



Jerry and Marcy Monkman

Modeling 
Impacts on 
Suitable 
Habitats for 
Tree (and 
Bird) Species 
in the Eastern 
US – An Atlas



http://www.nrs.fs.fed.us/atlas
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Emissions of CO2 – range of scenarios over next 
100 years
 A1fi (high)-fossil fuel 

intensive until later 
century 

 B1 (low)-shift to 
resource efficient 
technology

The Future Climate



Rising Temperatures in Eastern US 
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Lower:2.0 – 3.6oC

Large difference between 
High and Low emissions!
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PCM B1



Modeled Fate of Sugar Maple Habitat 
by 2100

0.350.78

Habitat suitability = Ratio of Future: Current
< 1 = loss of habitat; >1 = gain in habitat
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Figure 1. Suitable habitat (according to importance value, a combination of basal area and number of stems) for sugar maple across the eastern US according to a) current estimates for 1980-2000, b) projected future habitat for ~2100 under a mild scenario of climate change (PCM B1), and c) a harsh scenario (Hadley A1FI).  The ‘X’s mark the northern Wisconsin (upper left), Vermont (upper right), and Kentucky (lower center) locations for the risk matrices presented in Figure 2. Draft 1. Assessment of risk due to climate change for sugar maple in northern Wisconsin.Louis Iverson and Stephen Matthews, USFS, Northern Research Station, Delaware OH. The Climate Change Tree Atlas (www.fs.fed.us/nrs/atlas) provides information about how individual tree species may respond to a changing climate. Projections of suitable habitat from the Tree Atlas models describe the environmental and climatic factors that could affect species distribution and abundance across the landscape (Iverson et al. 2008). The modifying factors detail life-history traits that may influence the ability of a tree species to cope with disturbances and biological stressors at both broad and fine scales (Matthews et al. 2011). The combined use of these Tree Atlas components allows for a more comprehensive understanding of the response of tree species to climate change and can inform policy and management (Iverson et al. 2011). As with the development of the most recent National Climate Assessment (NCA), risk assessment diagrams are used in this NTFP assessment as a tool for organizing information about key vulnerabilities and risks (Melillo et al. 2014). Risk is defined in the NCA as the product of the likelihood of an event occurring and the consequences or effects of that event. In the context of species habitats, likelihood is related to potential changes in suitable habitat at various times in the future. Consequences are related to the adaptability of a species to cope with the changes, especially the increasing intensity or frequency of future disturbance events. In this context, qualitative or quantitative estimates are used to describe the likelihood of impact (X-axis) and the magnitude of consequence (Y-axis). The production of maple syrup is an important NTFP throughout much of its range in the Midwest and Northeast as well Quebec, and sustaining this ecosystem service is of considerable interest and concern (Whitney and Upmeyer 2004, Duchesne et al. 2009). Tree Atlas models project a loss in sugar maple (Acer saccharum) habitat throughout the century, especially in locations at the southern portion of its range (Fig. 1); a continuation of current trends in maple decline (Long et al. 2009). As an example of the application of a risk-centered approach to vulnerability assessment, Tree Atlas results for suitable habitat for sugar maple were generated for three locations across the eastern US, and were translated into a risk matrix for three future periods: 2010 to 2040, 2040 to 2070, and 2070 to 2100 (Iverson et al. 2012a, Iverson et al. 2012b) (Fig. 2). Two scenarios of climate change were also evaluated according to IPCC scenarios (Nakicenovic et al. 2000) ranging from mild changes (PCM B1, (Washington et al. 2000)) to harsh climatic changes by century end (HadleyCM3 A1FI, (Pope 2000)). The locations used here include northern Wisconsin (Janowiak et al. 2014), Vermont, and Kentucky (Matthews et al. 2014). This effort was intended as a “proof of concept” on how complex information could be represented in a way that helped to organize thinking regarding climate change vulnerability and risk. In translating the Tree Atlas information into this framework, projected changes in suitable habitat were used to indicate the likelihood of impact. Thus, a large projected decrease in suitable habitat suggests a greater likelihood (the X axis) that that species will have reduced habitat under future climatic conditions. The magnitude of consequence was inversely related to the adaptability of the species to climate change based upon the modifying factors; thus, the lower the capacity to cope, the greater the risk for habitat loss and the greater the consequences from climate change (the Y axis, Iverson et al. 2012a, 2012b). To assess changes in consequence over time, adaptability scores were adjusted to account for projected increases in disturbance over time (Iverson et al. 2012b). When we evaluate the risk matrix for the three locations, all show increasing risk with time as habitat is projected to move north (Fig. 2). The two northern locations (Fig. 1) were of fairly similar risk (slightly more risk in Wisconsin than Vermont) of large losses of suitable habitat by century’s end according to this analysis, as a result from increasing risk throughout the century especially under the harsh scenario.  However, at the southern portion of sugar maple, represented by Kentucky, serious risk is already present according to this analysis.  So, based only on the potential for change in habitat and adaptability, we see that in all locations, there is an increased risk of a decline in sugar maple habitat (Fig. 2), but Kentucky is under relatively greater urgency to develop strategies to cope with this decline. However, this risk matrix only paints a portion of the picture for sugar maple. Vermont produces over 30% of the total US maple syrup market and ranks first in number of taps while Wisconsin ranks fourth in number of taps where as in Kentucky the commercial syrup market less developed  (Farrell and Chabot 2012). Thus, this socio-economic dimension to sugar maple’s relative importance/consequences needs to be added to the interpretation of the weightings shown in the matrix. So in this case, even though the Kentucky location is projected to lose relatively more habitat, there will be a greater loss in Vermont and Wisconsin of the services that sugar maple provides in terms of monetary and cultural value  (Farrell and Chabot 2012, Groffman et al. 2012), and these will not be readily transferable to other species.Figure 1. Suitable habitat (according to importance value, a combination of basal area and number of stems) for sugar maple across the eastern US according to a) current estimates for 1980-2000, b) projected future habitat for ~2100 under a mild scenario of climate change (PCM B1), and c) a harsh scenario (Hadley A1FI).  The ‘X’s mark the northern Wisconsin (upper left), Vermont (upper right), and Kentucky (lower center) locations for the risk matrices presented in Figure 2.  Figure 2.—Risk matrix for sugar maple in northern Wisconsin, Vermont, and Kentucky. The numbers on the X-axis reflect projected suitable habitat, where 1.0 indicates no change from current values and 0 indicates complete loss of habitat. The numbers on the Y-axis are based on modifying factors, with increasing influence of disturbance factors over time. Values are plotted for three 30-year periods: 2040 (2010 to 2040), 2070 (2040 to 2070), and 2100 (2070 to 2100). See Iverson et al. (2012b) for complete methods and additional examples. Literature Cited Duchesne, L., D. Houle, M.-A. Côté, and T. Logan. 2009. Modelling the effect of climate on maple syrup production in Québec, Canada. Forest Ecology and Management 258:2683-2689.Farrell, M. and B. Chabot. 2012. Assessing the growth potential and economic impact of the US maple syrup industry. J Agric Food Syst Community Dev 2:11-27.Groffman, P. M., L. E. Rustad, P. H. Templer, J. L. Campbell, L. M. Christenson, N. K. Lany, A. M. Socci, M. A. Vadeboncoeur, P. G. Schaberg, G. F. Wilson, C. T. Driscoll, T. J. Fahey, M. C. Fisk, C. L. Goodale, M. B. Green, S. P. Hamburg, C. E. Johnson, M. J. Mitchell, J. L. Morse, L. H. Pardo, and N. L. Rodenhouse. 2012. Long-term integrated studies show complex and surprising effects of climate change in the northern hardwood forest. Bioscience 62:1056-1066.Iverson, L., S. Matthews, A. Prasad, M. Peters, and G. Yohe. 2012a. Development of risk matrices for evaluating climatic change responses of forested habitats. Climatic Change 114:231-243.Iverson, L., A. M. Prasad, S. Matthews, and M. Peters. 2011. Lessons learned while integrating habitat, dispersal, disturbance, and life-history traits into species habitat models under climate change Ecosystems 14:1005-1020.Iverson, L. R., S. N. Matthews, A. M. Prasad, M. P. Peters, and G. W. Yohe. 2012b. Appendix 2: Risk-based framework and risk case studies. Risk assessment for forested habitats in northern Wisconsin   U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station, Gen. Tech. Rep. PNW-GTR-870, Portland, OR.Iverson, L. R., A. M. Prasad, S. N. Matthews, and M. Peters. 2008. Estimating potential habitat for 134 eastern US tree species under six climate scenarios. Forest Ecology and Management 254:390-406.Janowiak, M. K., L. R. Iverson, D. J. Mladenoff, E. Peters, K. R. Wythers, W. Xi, L. A. Brandt, P. R. Butler, S. D. Handler, P. D. Shannon, C. Swanston, and L. R. A. Parker, Amy J.; Bogaczyk, Brian; Handler, Christine; Lesch, Ellen; Reich, Peter B.; Matthews, Stephen; Peters, Matthew; Prasad, Anantha; Khanal, Sami; Liu, Feng; Bal, Tara; Bronson, Dustin; Burton, Andrew; Ferris, Jim; Fosgitt, Jon; Hagan, Shawn; Johnston, Erin; Kane, Evan; Matula, Colleen; O'Connor, Ryan; Higgins, Dale; St. Pierre, Matt; Daley, Jad; Davenport, Mae; Emery, Marla R.; Fehringer, David; Hoving, Christopher L.; Johnson, Gary; Neitzel, David; Notaro, Michael; Rissman, Adena; Rittenhouse, Chadwick; Ziel, Robert. 2014. Forest ecosystem vulnerability assessment and synthesis for northern Wisconsin and western Upper Michigan: a report from the Northwoods Climate Change Response Framework project. U.S. Department of Agriculture, Forest Service, Northern Research Station, Gen. Tech. Rep. NRS-136. Newtown Square, PA Long, R. P., S. B. Horsley, R. A. Hallett, and S. W. Bailey. 2009. Sugar maple growth in relation to nutrition and stress in the northeastern United States. Ecological Applications 19:1454-1466.Matthews, S., L. R. Iverson, M. Peters, A. Prasad, and S. Subburayalu. 2014. Assessing and comparing risk to climate changes among forested locations: implications for ecosystem services. Landscape Ecology this issue.Matthews, S. N., L. R. Iverson, A. M. Prasad, M. P. Peters, and P. G. Rodewald. 2011. Modifying climate change habitat models using tree species-specific assessments of model uncertainty and life history factors. Forest Ecology and Management 262:1460-1472.Melillo, J. M., T. C. Melillo, T. Richmond, and G. W. Yohe. 2014. Climate Change Impacts in the United States: The Third National Climate AssessmentU.S. Global Change Research Program, Washington, DC.Nakicenovic, N., J. Alcamo, G. Davis, B. de Vries, J. Fenhann, S. Gaffin, K. Gregory, A. Grübler, T. Y. Jung, T. Kram, E. Lebre La Rovere, L. Michaelis, S. Mori, T. Morita, W. Pepper, H. Pitcher, L. Price, K. Riahi, A. Roehrl, H. Rogner, A. Sankovski, M. Schlesinger, P. Shukla, S. Smith, R. Swart, S. van Rooijen, N. Victor, and Z. Dadi. 2000. IPCC special report on emissions scenarios. Cambridge University Press, Cambridge, UK.Pope, V. D. 2000. The impact of new physical parameterizations in the Hadley Centre climate model -- HadCM3. Climate Dynamics 16, 123-46. 16:123-146.Washington, W. M., J. W. Weatherly, G. A. Meehl, A. J. Semtner Jr., T. W. Bettge, A. P. Craig, W. G. Strand Jr., J. M. Arblaster, V. B. Wayland, R. James, and Y. Zhang. 2000. Parallel climate model (PCM) control and transient simulations. Climate Dynamics 16:755-774.Whitney, G. G. and M. M. Upmeyer. 2004. Sweet trees, sour circumstances: the long search for sustainability in the North American maple products industry. Forest Ecology and Management 200:313-333.  



Sugar Maple Habitat – change through time and 
consider other life history traits 





Changes in Maple Syrup Ecosystem Service for Sugar 
Maple with Climate Change

• Assumes loss of suitable habitat ~ loss 
of capability to produce syrup:
– Shorter season of sap flow
– Less suitable growing conditions overall
– Less syrup per tap per season



• loss of suitable habitat ~ change in length of season
• # of day to Growing Degree Days 75

Emissions
scenarios
B1-gray
A1Fi-black
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• loss of suitable habitat ~ change in length of season
At state level projected change in GDD to 75 strongly 
associated (r=0.75) with projected change in habitat
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Calculating additional taps needed to 
reach 2012 production levels, under 
varying scenarios of climate change

• Habitat ratios for each of 3 times (2040, 2070, 
2100) and 2 GCM scenarios (PCM B1=mild and 
GFDL A1FI=harsh) multiplied by gallons produced 
in 2012 = shortfall requiring additional taps

• Calculate percent increase needed in taps per 
state to maintain 2012 production

• Calculate Pct Tappable trees after adding new tap 
requirements

• Add smaller trees of 9-13 inches (23 – 33 cm) and 
calculate Pct Tappable again



Gallons Change New Taps

2012 2,296
pcm2040 2,298 2 17
pcm2070 2,210 -86 313
pcm2100 2,181 -116 407
gfdl2040 2,067 -229 2,340
gfdl2070 1,621 -675 2,957
gfdl2100 1,450 -846 4,896

(all values x1000)

Estimated Impacts under Climate Change



    

St Taps 2012 
(x1000)

Taps Needed 
GFDL-A1Fi 2100 
(x1000)

% Tapped 2100 
under GFDL-
A1Fi

Sugar Maple size 
class 22-33cm 
(x1000)

% Tapped by 
2100 of 22-33cm 
cohort

VT 4348.2 1483 16.01 46.3 7.05
NY 2064.9 620.7 2.9 122.1 1.25
ME 1884.5 -88.9 6.71 41.4 2.63
WI 682.3 135.5 2.39 73.3 0.76
PA 506.2 177.3 1.63 53.1 0.72
NH 495.6 69.1 4.88 20.2 1.78
OH 439.6 306.6 3.47 27.8 1.52
MI 433.5 158.5 0.85 127.1 0.3

MA 229 13.9 5.19 5.3 2.44
MN 83.1 1.6 0.89 19.3 0.29

CT 64 11.2 2.31 2.5 1.3
IN 49.5 40.3 0.52 19.3 0.24
VA 19.8 5.5 0.42 7.9 0.18

MD 16 7.5 2.13 1.5 0.9
IL 10.2 7.7 0.39 5.2 0.18

WV 8.8 3.6 0.05 41.1 0.02
IA 5.5 -0.5 0.34 1.6 0.16
KT 4.8 1.9 0.04 33.9 0.01
NJ 2.7 1 0.32 1.9 0.12
RI 2.6 0.3 5.51 0.1 2.14

NC 1.1 0.5 0.06 2.5 0.03
MO 1 0.4 0.04 9.1 0.01
TN 0.1 0.1 0.00 18.3 0

11,353 2,957 -- 680.3 --



Potentially tapped under harsh climate change

Vermont would need to tap up to 16% of trees > 13 inches (33 cm)



Many smaller Sugar Maples coming up!

FIA data

Total, via FIA:
681 million

127m MI
122m NY
…
2.5m NC



Percentage Potentially Tapped 
using all SM Trees > 9 inches (23 cm)



Quick Conclusion
Original question: Can this ‘delicious’ ecosystem 
service be maintained in a changing climate?
Quick answer: Yes, but it will cost more, and range-
edge locations will suffer more.

But a lot more work needs to be done
– How much of new stock can be accessed?
– How will red maple compare?
– What are physiological limits along these gradients?



More Drawn-Out Conclusions

Maple syrup provides a delicious ecosystem service, and it is 
currently increasing in volume and value.

This ES for sugar maple is likely to be reduced, or at least shifted 
north, in coming decades due to climate change.

Many southern states may see greater impacts. Maine and 
Minnesota, however, may see new opportunities.

Potential trees for tapping are now plentiful, but millions of 
additional taps may be required to sustain production 
(consumers pay more!)



Thank you!US Forest Service Northern 
Research Station 
– A. Prasad,  M. Peters

– Rich McCullough, FIA

National Climate Assessment

Northern Institute of Applied 
Climate Science

Contact info: Landscape 
Change Research Group:
Stephen N Matthews
matthews.204@osu.edu or
snmatthews@fs.fed.us, 
Climate Change Atlas: 
http://www.nrs.fs.fed.us/atlas
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