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The maple syrup industry in
Canada and the United States:
challenges and potential
strategies towards a more
sustainable development

Qingbin Wang*, Emmanuel Owoicho Abah and Mark Cannella

University of Vermont, Burlington, VT, United States

While maple syrup as an iconic sweetener predominantly produced in Canada
and the United States has experienced significant growth in the past four decades,
the industry faces many climate, economic, and policy challenges. This study
reviews the industry’s development, analyzes the major challenges faced by the
industry, and derives recommendations for addressing such challenges and moving
towards more sustainable development. Specifically, data from Canadian and U.S.
government agencies and other sources is used to trace the industry’s development,
examine the correlation between U.S. and Canadian maple syrup production
and producer prices, assess the market impacts of Quebec’s production quota
system, and discuss potential strategies. Historical data indicates that the maple
syrup industry in both nations has experienced significant growth in production
since the early 1980s but also increased volatility in both sap yield and maple
syrup output, downward trends in producer prices, rising production costs, and
increasing impacts of trade disputes and retaliations. Empirical analysis suggests
that the production quota system in Quebec started in 2004 has limited the region’s
production growth as compared to other major production regions, stabilized its
producer prices around a level that is lower than the prices received in the late
2000s, and likely affected the prices received by U.S. maple syrup producers. Major
recommendations from this study include shifting the focus from supply-side
interventions to include more demand-side enhancement, increasing investment
in technical innovation and climate mitigation, developing more value-added
maple syrup products, and strengthening the marketing and promotion efforts
to increase the demand for maple syrup in the domestic and foreign markets.

KEYWORDS

Maple syrup, Quebec Maple Syrup Producers (QMSP), climate change, production
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1 Introduction

As a natural sweetener derived from boiling and condensing the sap of certain maple trees,
maple syrup has been predominantly produced in Eastern Canada and the Northeastern
United States for centuries. It has been an iconic symbol of this region’s agriculture, food,
community, landscape, culture, and trade (Hinrichs, 1998; Houle and Duchesne, 2020;
Murphy et al., 2012). Europeans documented the tapping of sugar maple trees, collection of
sap and production of sweeteners by native people roughly 500 years ago as Europeans began
their settlement in North America (Massachusetts Maple Producers Association, 2024; Peters
etal., 2020). While maple syrup is a characteristic product of maple sap’s thermal processing
(boiling and evaporation) (Hopkins, 2017; Randall et al., 2006), it has been progressively

01 frontiersin.org


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2025.1562645&domain=pdf&date_stamp=2025-07-30
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1562645/full
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1562645/full
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1562645/full
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1562645/full
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1562645/full
mailto:qwang@uvm.edu
https://doi.org/10.3389/fsufs.2025.1562645
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2025.1562645

Wang et al.

transformed from a local sweetener into a globally recognized product
with remarkable economic contributions (Bal et al., 2015; Bishop
et al., 2015; Farrell and Chabot, 2012; McConnell and Graham, 2016;
Taylor, 1965). For example, the maple syrup industry provided 12,582
full-time jobs, contributed 1.13 billion Canadian dollars (C$) to the
Canadian GDP, and generated C$235 million in tax revenue in 2022
(QMSP, 2024). In the United States, although the annual production
value of maple syrup has been around only $150-210 million in recent
years, it has been a vital economic sector in the Northeastern states
and provided a significant source of employment and income for
many rural communities through direct, indirect and induced
contributions (Becot et al., 2015; Gabe, 2014; Hershberger et al., 2024;
Murphy et al., 2012; Taylor, 1965; Whitney and Upmeyer, 2004). For
example, Becot et al. (2015) estimated the maple industry’s total
economic contribution in the state of Vermont to be $330 million in
2013, with the direct, indirect, and induced contributions to be $222
million, $61 million, and $47 million, respectively. With a total
population of only around 626,000 in 2013, the industry’s economic
contribution was $527 per capita in Vermont. The same study also
reported that the maple syrup industry provided about 4,520 jobs in
Vermont in 2013. With maple syrup as its second largest agricultural
commodity behind dairy products, Vermont has been the largest
maple syrup producer in the United States and has accounted for
about 54% of the U.S. production in recent years (USDA NASS, 2024).

The history of maple sugaring has spanned centuries and
intertwined the traditions of native people with European settlers in
North America (Huron, 2014). Native Americans are often credited as
the earliest practitioners of harvesting maple sap for sugar and syrup
production. Spencer (1913) suggested that native people were the first
to process maple sap into granular sugar and liquid sweeteners, and
Pendergast (1982) stated that the traditional knowledge of native people
was foundational to their cultures and economies related to maple
sugaring. European settlers in North America also played significant
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roles in transitioning maple sugaring with different technologies and
toward commercial production. Schuette and Idhe (1946) also noted
this exchange of knowledge and practices between native peoples and
Europeans in the development of maple syrup production in North
America. Early commercial maple syrup production initially centered
in the United States, but most of the production gradually shifted
northward to Quebec in the early 19th century (Farrell and Chabot,
2012). Canada surpassed the United States in maple syrup production
around 1940 and has remained the world’s largest producer and
exporter of maple products ever since (Farrell and Chabot, 2012; Huron,
2014). The production techniques and cultural significance surrounding
maple sugaring have evolved over time, reflecting a blend of native
traditions and European influences that continues to shape the maple
industry today (Huron, 2014).

As shown in Figure 1, maple syrup production in Canada
fluctuated around 3.0 million gallons (in U.S. gallons, 1 Canadian or
imperial gallon is equal to 1.2 U.S. gallons) from 1924 to 1990 and has
grown significantly since the early 1990s. It reached a record high of
23.88 million gallons in 2024. While USDA NASS has published data
on U.S. maple syrup production for only the years since 1975, the
production was around 1.2 million gallons from 1975 to 2005 but has
increased significantly since 2005 and reached a record high of 6.0
million gallons in 2022 and a slightly lower level of 5.86 million
gallons in 2024 (USDA NASS, 2024). A correlation analysis of maple
syrup productions in the two countries from 1976 to 2024 yielded a
correlation coefficient of 0.934, suggesting that the Canadian and
U.S. maple syrup productions are strongly and positively correlated
over time.

Maple syrup has emerged from a local sweetener in Eastern
Canada and the Northeastern United States into a globally recognized
commodity and its trade in both domestic and foreign markets has
increased rapidly in the past three decades (Wang et al., 2024). Canada
has been the world’s largest maple syrup exporter since the early
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FIGURE 1

Canadian and U.S. maple syrup production (million U.S. gallons). Data sources: Statistics Canada (2024) and USDA NASS (2024).
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1980s, accounting for about 75% of the global exports in terms of both
quantity and value (United Nations Comtrade Database (UNCD),
2024). On the other hand, the United States has been the largest maple
syrup importer in the world for decades. For example, in 2023, Canada
exported 12.96 million gallons of maple syrup, which amounted to
C$615 million and accounted for about 62% of its total production
(Statistics Canada, 2024). The United States, in the same year,
imported 8.07 million gallons or $278 million of maple syrup,
equivalent to about 80% of its domestic production or 43% of its total
domestic consumption (USDA NASS, 2024; UNCD, 2024).

When maple syrup transitioned from a sweetener predominantly
produced for local consumption to a large commodity traded in local,
regional, national, and international markets, various government
regulations were developed and implemented for its production,
grading, quality standards, inspection, storage, and transportation,
particularly in Quebec. For example, as the largest maple producer
association with about 7,300 members, QMSP has played very
important roles in Quebec’s maple syrup industry and significantly
impacted the maple syrup markets in Quebec, Canada, the
United States, and worldwide. Because both Quebec and Canadian
governments have granted QMSP certain legal power of supply
control and management, QMSP has set mandatory production
quotas for its members, managed the world’s only maple syrup reserve,
invested in market development, patrolled producers and potential
buyers in Quebec, and issued fines or even seized maple syrup from
members who violated the quota regulations (Austen, 2015).

While the market impacts and legal debate about QMSP’s quota
system have been reported by the media (e.g., Austen, 2015;
Kuitenbrouwer, 2023; Metraux, 2022; Moreau, 2018), there are very
limited empirical studies on the market impacts of Quebec’s maple
syrup production quota system. This study will address research
questions about the production quota system’s market impacts
through data analysis later in this paper.

The unique characteristics of maple syrup, such as its production
concentration in only Eastern Canada and the Northeastern
United States and Quebec’s production quota system implemented
since 2004, may provide excellent cases for studying economic and
legal issues of food commodities. However, there are very limited
academic studies on this iconic product in the literature, especially
empirical studies based on data analysis. There is a growing need for
empirical studies to address important issues that have been widely
reported by the media (e.g., Austen, 2015; Kuitenbrouwer, 2023;
Metraux, 2022; Moreau, 2018). The major purpose of this study is to
review the maple syrup industry’s development, examine its major
climate, economic and legal challenges, and derive policy
recommendations for addressing such challenges and moving towards
more sustainable development. Specifically, data from USDA NASS,
Statistics Canada, and other sources are used to trace the industry’s
development, examine the correlation between U.S. and Canadian
maple syrup production and producer prices, assess the market
impacts of Quebec’s production quota system, and derive policy
recommendations. The specific research questions to be addressed in
this study include: (1) What are the development and trends of maple
syrup production and producer prices in Canada and the
United States? (2) what are the major challenges faced by the maple
syrup industry in the two countries? (3) how has Quebec’s production
quota system started in 2004 affected the maple syrup production and
price in Quebec, Canada, and the United States? (4) what are the
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correlations between U.S. and Canadian maple syrup production and
producer prices? and (5) what are some strategies for the industry to
address  the
sustainable development?

challenges and move towards more

In the rest of this paper, Section 2 introduces the data sources and
analysis methods, Section 3 discusses the major challenges faced by
the maple syrup industry, Section 4 presents empirical analysis results
regarding our research questions, Section 5 discusses potential
strategies and actions for the industry to consider, and Section 6

summarizes the major conclusions and recommendations.

2 Data sources and methods of
analysis

The primary data sources for this study are USDA NASS and
Statistics Canada. Both government agencies have published
significant amounts of time-series data on maple syrup as a significant
agricultural commodity in the United States and Canada. For example,
Statistics Canada has published maple syrup output and value since
1924 at the national level, as well as for Quebec and other major
production provinces (Statistics Canada, 2024). Great efforts have
been made to check data consistency from alternative government
publications and websites. For example, the annual data published by
USDA NASS every June in recent years has been updated and
corrected in the following year’s publication, and such updates and
corrections have been incorporated into the data used in this study
(USDA NASS, 2024). Also, the different units used in the two nations
have been converted to be the same for comparing the production and
producer prices between Canada and the United States. For example,
Canada uses “imperial gallon” and one imperial gallon is equal to
1.2 US. gallons. The production quantity used in this paper is in
U.S. gallons for both the United States and Canada. Also, when the
U.S. producer price is compared to the Canadian producer price, the
official exchange rate between the U.S. dollar ($) and C$ is used to
convert the Canadian price into the unit of $ per gallon. In addition
to data from USDA NASS and Statistics Canada, data from QMSP and
several previous studies was also collected and used in this study,
principally for crosschecking purposes.

The above data has been analyzed to address the research
questions listed in the introduction through graphical, correlation,
and regression analyses. While graphical analysis is used to trace the
trends of maple syrup production and producer prices in both Canada
and the United States, correlation analysis is conducted to assess the
relationship between Canadian and U.S. producer prices. Also, to
examine the marginal impacts of Canadian producer price and
Quebec’s production quota system implemented since 2004 on
U. S. producer price, a regression model is estimated using the time-
series data from 1983 to 2021.

3 Climate, economic and policy
challenges of the maple syrup industry

Maple syrup production in both Canada and the United States has
grown significantly since the early 1980s (see Figure 1) due to increasing
demand in North America and around the world, technical progress in
the sugaring process and efficiency, and increased investment in
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production, research, and Extension (Farrell and Chabot, 20125 Whitney
and Upmeyer, 2004). The adoption of new technologies, such as reverse
osmosis machines, plastic tubing, vacuum systems, and more efficient
evaporators, has significantly increased maple syrup production and yield.
For example, the reverse osmosis machine, based on a combination of fine
and semi-permeable membranes and an electronic pump system, can
separate water from sugar, minerals, and other suspended solids in maple
sap and allows maple producers to reduce the amount of water that must
be evaporated from the sap to concentrate the maple syrup to its final
density. Cotnoir (2021) reported that reverse osmosis machines could
reduce the boiling time and thus energy expenditure by 60-70% based on
brix concentration (i.e., the amount of dissolved solids, like sucrose, in the
sap). As another example, the wide adoption of plastic tubing in maple
sap collection has significantly increased maple syrup production and
yield in both Canada and the United States (Thomas, 2021).

Similar to many other agricultural sectors that are highly affected by
weather conditions, market forces, and government policies, the maple
syrup industry faces many climate, economic, and policy challenges. First,
maple sap harvest and the resulting syrup production are hypersensitive
to many weather and climate variables that include daily low temperature,
daily high temperature, barometric pressure, duration of below or above
freezing temperatures, magnitude and duration of extreme warming days,
depth of snowpack, and precipitation patterns (Duchesne and Houle,
2014; Cotnoir, 2021). Maple sap and syrup production is also affected by
tree physiology and forest parcel variables such as sap sugar content,
internal tree pressure, tap hole “drying,” and forest slope directional
orientations (Perkins et al., 2022).

A warming climate presents the challenges of less predictable
sugaring season length, increased invasive tree pest pressure, and even
reducing the concentration of sucrose in maple sap (Cotnoir, 2021;
Hopkins, 2017; Randall et al., 2006; Wang et al., 2025). For example,
while Cotnoir (2021) summarized that climate change would affect
where, when, and how maple syrup will be produced, Wang et al.
(2025) presented a comprehensive review on how weather and climate
factors likely affect sap and maple syrup production. However, there
are still many unanswered questions and a great need for research on
the potential impacts of climate change on the maple syrup industry
and how to enhance the industry’s resilience to climate change
(Caughron et al., 2021; Wang et al., 2025).

Second, the economic viability of maple syrup as a food
commodity that has been heavily traded in regional, national, and
international markets has been highly affected by many economic,
financial, market, and geopolitical factors. For example, the maple
syrup industry in both Canada and the United States faces limited
workforce availability, increased environmental regulations, and
increasing labor and other production costs but, on the other hand,
the average maple syrup prices received by producers have shown
downtrends since mid-1980s in both countries. The trends of both
nominal and real maple syrup producer prices since 1983 will
be analyzed in the next section.

Canada accounts for about 70% of the global production of
maple syrup and Quebec has contributed to about 90% of Canada’s
production and more than 60% of the global production (Statistics
Canada, 2024; USDA NASS, 2024). QMSP as the world’s largest
producer and exporter of maple syrup has played a very important
role in determining the global price through its production quota,
reserve systems, and market development efforts. The organization
has the objective of stabilizing producer prices, increasing
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investment in the maple industry, and maintaining the number of
maple syrup enterprises in production (QMSP, 2024). QMSP has
implemented its production quota system since 2004 but the system
has been the subject of legal debates and media reports in recent
years (Austen, 2015; Kuitenbrouwer, 2023; Metraux, 2022; Moreau,
2018). For example, QMSP has been previously called a “cartel” or
“monopoly;” implying its supermarket power and bad reputation for
keeping the market price at a level above the equilibrium price and
hurting consumers. There have been court cases related to QMSP’s
mandatory production quota system and punishments for producers
who violated the quota regulations (Austen, 2015; Kuitenbrouwer,
2023; Metraux, 2022; Moreau, 2018). Some reporters and legal
scholars have also questioned the legality of QMSP’s production
quota systems in the face of antimonopoly laws in Canada and the
United States (Gagné, 2015). More recently, OMSP (2024) has stated
that 75% of its members are happy about its regulations and
performance, despite earlier reports that some members were
concerned with the payment schedule for their product and policies
against over-quota production. According to Gagné (2015), some
Quebec producers have expressed reservations about the current
QMSP quota system and asserted that it violated their rights and
freedoms. Some of them have also considered the production quota
system a barrier that disadvantaged them in production growth
compared to their counterparts in other Canadian provinces and
U.S. states (Gagné, 2015).

On the other hand, QMSP’s production quota and reserve systems
have been credited for their role in stabilizing market supply and price.
For example, Gehrke (2022) highlighted QMSP’s role in stabilizing
maple syrup producer prices and market supplies in recent years,
especially during the Covid-19 pandemic. It may not be fair to
compare QMSP with the monopoly or cartel markets of industrial
products due to maple syrups unique characteristics community
importance, and long history of legally enabled collective agricultural
regulations. U.S. and Canadian laws have adopted specific regulations
that enable agricultural associations to collectively organize, when
approved, to develop product standards, manage marketing and
promotion efforts, and support research. For example, the
United States has developed many market interventions for major
agricultural commodities like milk and sugar. While the history of
QMSP and details about its production quota system are well
documented, its potential impacts on the growth of Quebec’s maple
syrup production as well as U.S. maple syrup producer price will
be assessed through empirical analysis in the next section.

Third, the recent changes in trade relations between the
United States and Canada as well as many other countries are
expected to have a direct impact on the trade flow of maple syrup,
its producer prices in both countries, and retail price in every
market. For example, the U.S. federal government has recently
laid out an aggressive import tariff plan in early 2025. This is a
clear shift away from the established United States-Mexico-
Canada Agreement (USMCA) that went into effect in 2020 and
could have significant impacts on the trade of maple syrup and
the whole industry in both Canada and the United States. The
ongoing changes in U.S. trade policy and potential retaliations
from Canada have brought about concerns for many maple syrup
producers in the United States because the majority of specialized
syrup processing equipment and hardware for sap collection
systems are imported from Canada and their planned

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1562645
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Wang et al.

investments, major repairs or expansion could come at higher
costs under the proposed tariffs.

4 Empirical findings

This section reports our empirical findings in addressing some of
the key research questions listed in the introduction, and such findings
are expected to contribute to the literature with quantitative evidence.

4.1 What are the trends of maple syrup
producer prices in Canada and the
United States?

While a maple syrup producer’s accounting profit is the difference
between her or his total revenue (TR) and total cost (TC) and the TR is
equal to the price (P) multiplied by the quantity (Q) sold in the market
(i.e, TR = P*Q), the price received by maple syrup producers is one of the
most important factors or indicators of their business performance. This
study has collected time-series data on the average prices received by
maple syrup producers in Canada and the United States since 1983. The
annual nominal prices in the two nations have also been converted into
real prices in 2008 U.S. dollars (USD) and 2008 Canadian dollars (CAD),
respectively, using the official consumer price index (CPI) data published
by the U.S. and Canadian governments.

The price data presented in Figure 2 suggests four major findings:
First, the nominal prices received by producers in both Canada and
the United States increased steadily from 1983 to 1987, dropped
significantly in the next 4 years, showed an upward trend in Canada
from 1983 to 2009 and in the United States from 1983 to 2008, and

10.3389/fsufs.2025.1562645

then a downward trend thereafter in both countries. Second, when the
inflation is adjusted using the CPI, the downward trend in producer
prices is more obvious since 2008 in the United States and since
2009 in Canada. Also, the real prices in the mid-and late 1980s were
among the highest levels, and they never reached that level again over
the period. Third, the volatility of nominal prices seemed to be lower
since the late 2000s as compared to that in the previous periods in
both nations and the volatility in Canada seemed to be smaller than
that in the United States during the later period since 2008. This could
be a result of Quebec’s production quota system which has been in
effect since 2004. Fourth, both the nominal and real producer prices
in the United States were higher than the corresponding prices in
Canada over the period, except in 2019 and 2020. This difference was
likely either missed or underestimated in many media reports because
Canadian producer price has been reported in the unit of Canadian
dollars per imperial gallon, but U.S. producer price has always been
reported in the unit of U.S. dollars per U.S. gallon.

Findings from Figure 2 suggest that the downward trend in
producer prices, especially in real prices, since the late 2000s has
presented economic challenges for the maple syrup industry in both
countries. With increasing labor, energy, and other production costs,
the decreasing producer price has significantly reduced the profit
margin of many producers, especially small ones. Also, while Quebec’s
production quota system implemented in 2004 may be credited for the
reduction in price volatility in Canada since the late 2000s, the average
Canadian producer price has fluctuated around a level that is
significantly lower than that in 2009 in nominal terms and even lower
than that in the later 1990s in real terms. In the United States, the
downward trend in maple producer prices has been similar to that in
Canada although the U.S. producer prices have been higher than the
Canadian producer prices for most of the years. One major economic
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Canadian and U.S. nominal and real maple syrup producer prices, 1983-2023. Data sources: Statistics Canada (2024) and USDA NASS (2024).
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challenge for the maple industry in both nations is how to increase
producer prices to match the increasing production costs.

4.2 How has Quebec'’s production quota
system affected its production growth?

While some media reports have stated that Quebec’s production
quota system has hurt its producers and helped its competitors (e.g.,
Metraux, 2022; Moreau, 2018; Valiante, 2018), most of these media
reports have a lack of supporting data and analysis. To assess the
impact of Quebec’s production quota system implemented in 2004 on
its production growth in comparison with that in other major
production regions in Canada and the United States, the average
three-year production was calculated for 2001-2003 and 2021-2023
for each of the major production provinces in Canada and states in the
United States, respectively, using data from Statistics Canada (2024)
and USDA NASS (2024), and the growth rate from 2001-2023 to
2021-2023 was then calculated for each province and state. Note that
2001 to 2003 were the three years before the implementation of
Quebec’s quota system in 2004, and 2021-2023 were the most recent
years with available data. Three-year averages were used to reduce the
impact of production volatility over the years. The calculated growth

N
3,

rates, reported in Figure 3, demonstrate significant variations in
production growth across regions. Quebec experienced the lowest
growth rate of only 104.40% albeit at much higher volumes, from
2001-2003 to 2021-2023, as compared to 573.99% in Wisconsin,
498.10% in Vermont, 451.69% in New Brunswick, 224.78% in
New York, 132.29% in Ontario, and 115.15% in Maine over the same
period. Compared to the average growth rate of 271.98% in the
United States, Canada achieved a growth rate of 112.51% over the
same period, largely due to Quebec’s low growth rate and large share

in Canada’s production. Data presented in Figure 3 provides clear

10.3389/fsufs.2025.1562645

evidence that, as compared to the production growth in other major
production regions, Quebec’s production quota system has limited the
growth in maple syrup production in Quebec as well as in Canada
since its implementation in 2004.

Data presented in Figure 4 suggests that the percentage share of
Quebec’s maple syrup production in Canada’s total production
reduced by about three percentage points, from around 93% in 1997-
2005 to around 90% in 2006-2023. Also, Quebec’s share of the total
production in Canada and the United States dropped from around
80% in 1999-2005 to around 71% in 2006-2022 and reached a record
low of 64.74% in 2023. This decline is largely due to the rapid growth
in maple syrup production in Wisconsin, Vermont, and New York and
relatively slow growth in Quebec reported in Figure 3.

While Figure 4 shows the changes in Quebec’s contribution to the
production of Canada and the total production of Canada and the
United States, Figure 5 presents data on maple syrup production in
Canada and the United States as well as the share of the United States in
the total production from 1992 to 2023. Figure 5 suggests two findings:
First, the share of U.S. production in the total production of Canada and
the United States declined steadily from 1992 to 2000 but has shown an
upward trend since 2000 and reached a record high of 27.91% in 2023.
Second, maple syrup production in both Canada and the United States
has experienced significant growth but also increasing volatility since
1992. This highlights the sensitivity of maple syrup production to climate
conditions during the sugaring seasons and similar changes in climate
conditions in Eastern Canada and the Northeastern United States.

The significant drops in maple syrup production in 2001, 2007,
and 2008 offer a good example of the weather-sensitive nature of
maple sap harvests and maple syrup production. While the changes in
the number of taps from year to year are generally limited, the key
factor for the changes in the sap collection and maple syrup production
over time is the weather variability. For example, from 2000 to 2021,
maple syrup production in Vermont, the largest producer in the
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FIGURE 3
Growth rate of maple syrup production from 2001-2003 to 2021-2023. Data sources: Calculated by the authors using data from USDA NASS (2024)
and Statistics Canada (2024).
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Maple syrup production in Canada and the United States, 1992-2023. Data sources: USDA NASS (2024) and Statistics Canada (2024). The percentage

United States, dropped about 40% and the U.S. total production
decreased about 15% due to the abnormally cold temperatures in
Vermont and other production regions (USDA NASS, 2024).

4.3 What is the correlation between
Canadian and U.S. maple syrup producer
prices?

While Canada and the United States are the only two large
maple syrup producers in the world and Canada also exports a

Frontiers in Sustainable Food Systems

large proportion of its production to the United States, it is
important to examine how maple syrup producer prices in the
two nations are correlated. The correlation matrix in Table 1,
calculated from the time-series data from 1983 to 2021, suggests
two major findings: First, the Canadian producer price in CAD
per gallon and the U.S. producer price in USD per gallon is highly
correlated with an estimated correlation coefficient of 0.91.
Second, the correlation between U.S. producer price in USD per
gallon and Canadian producer in USD per gallon, converted using
the official exchange rate between USD and CAD, is significantly
stronger, with an estimated correlation coefficient of 0.93. This
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TABLE 1 Correlation coefficients of Canadian and U.S. producer prices (PP).

Canadian PP (CAD/gallon)

10.3389/fsufs.2025.1562645

U. S. PP (USD/gallon) Canadian PP (USD/gallon)

Canadian PP (CAD/gallon) 1
U.S. PP (USD/gallon) 0.9056 1
Canadian PP (USD/gallon) 0.9166 0.9277 1

TABLE 2 Regression results of the U.S. maple syrup producer price.

Regression statistics

Multiple R 0.9369
R Square 0.8779
Adjusted R square 0.8674
Standard error 2.0726
Observations 39
ANOVA folj SS MS F Significance F
Regression 3 1080.7436 360.2479 83.8600 0.0000
Residual 35 150.3538 4.2958
Total 38 1231.0973

Coefficients Standard error t Stat p -value
Intercept 11.6022 1.6412 7.0694 0.0000
Canadian price 0.8576 0.1002 8.5560 0.0000
D2004* —3.5008 1.6398 —2.1349 0.0399
Time variable 0.1045 0.0595 1.7569 0.0877

*D2004 = 1 for 2004 to 2021 and D2004 = 0 for 1983 to 2003.

finding suggests that the exchange rate did play an important role
in affecting the relationship in producer prices between the
two nations.

4.4 How has Quebec'’s production quota
system affected U.S. maple syrup producer
price?

While Canada has dominated the global maple syrup
production and QMSP, the largest maple syrup producer in the
world, has made significant market interventions through its
production quota and strategic reserve systems to stabilize
producer prices, it is interesting to examine how Canadian
producer price and Quebec’s production quota system might have
affected the U.S. producer price since 1983. For this purpose, the
following regression model is estimated using the data from 1983
to 2021:

Pus=a+bPc+cT+dD+e

where Pus is the U.S. producer price, Pc is the Canadian producer
price, T is a time variable with the value of 1 for 1983, 2 for 1984, 3 for
1985, and so on, D is a dummy variable for the production quota
system in Quebec with D = 0 for 1983 to 2003 and D = 1 for 2004 to
2021, and e is the error term. The time variable is included to capture
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the effect of time-related factors, such as technical progress and
increased consumer income over time.

The estimated regression model with statistics measuring the
goodness of fit, reported in Table 2, suggests four empirical findings:
First, the estimated model fits the data very well and explains 86.74%
of the variation in U.S. producer price as the dependent variable over
the period. This is also confirmed by the F-statistic and its
significance level. Second, all three independent variables
significantly impacted the dependent variable at the 0.10 significance
level or below. Third, the U.S. producer price is positively and
significantly affected by the Canadian producer price and the time
variable over the period, with the numerical interpretations that the
U.S. producer prices increased $0.11 per year and $0.85 when the
Canadian producer price increased by 1 dollar, respectively. Fourth,
the implementation of the production quota system in Quebec in
2004 has had a negative impact of $3.50 per gallon on the
U.S. producer price when the Canadian price and the time variable
are controlled. The mechanism behind these impacts is likely that
Quebec, as the largest and most well-organized producer through
QMSP, has had the market power to set the producer price each year.
Large maple syrup purchasers in the United States often use the
producer price in Quebec as the reference price in making purchase
decisions. Because there is no producer association like QMSP in the
United States, U.S. maple syrup producers have had very limited
market power in negotiating for better prices when they sell their
products, especially to large processors.
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5 Discussion of potential opportunities
and strategies

Our review of previous studies and analysis of available data,
presented in the previous sections, suggest that the maple syrup
industry in both Canada and the United States has experienced
significant growth in production since the early 1980s but is also
facing the challenges of increasing volatility in both sap yield and
maple syrup output, a downward trend in producer prices since the
late 1980s, especially since 2008, rising production costs, and
increasing impacts of trade disputes and retaliations. The maple syrup
industry needs innovative strategies to address these challenges and
move towards more sustainable development. As a production system
that highly depends on weather conditions and the health of
sugarbushes over many years, sustainable development for the maple
syrup industry means that the needs of the present are met without
compromising the ability of future generations to meet their needs as
well. It is based on a long-term perspective that considers the
environmental, social, and economic dimensions of development to
be inseparable (QMSP, 2024).

This study suggests four major recommendations: First, the maple
syrup industry needs to shift its focus from supply-side management
to both supply and demand strategies. For example, the major reason
for the downward trend in producer prices in Canada and the
United States since the late 2000s is that the production growth has
been more than the growth in demand. Under this situation, the
effectiveness of the supply-side strategies and interventions have
served certain objectives but not all. Quebec’s production quota has
enabled measured growth and the reserve system has moderated
market wide supply shortages that have prevented major price shocks
but have not delivered stabilized or increased real prices to producers.
Unfortunately, many other agricultural sectors, such as dairy in the
United States and Canada, face similar challenges due to the lack of
matching growth in market demand and decreasing prices received
by producers. Quebec has advanced some demand-side strategies, but
the maple syrup industry could benefit from additional resources and
strategies for addressing both supply and demand problems.

Second, in addition to the traditional markets for maple syrup, the
maple syrup industry needs to introduce and promote maple syrup in
new geographic regions domestically and internationally. For example,
in the United States, per capita consumption of maple syrup in the
western and southern states like California and Texas has been
significantly lower than that in the northeastern states. Geographic
specific promotion programs are needed in the western and southern
U.S. states. Also, maple syrup as a special natural sweetener produced
in Eastern Canada and Northeastern United States has shown great
potentials in some foreign countries such as Japan and China. For
example, Wang et al. (2024) reported that China’s maple syrup imports
increased steadily from 2.85 metric tons in 2009 to 219.96 metric tons
in 2020 and then dropped to 157.01 metric tons in 2022. Both Canada
and the United States have made efforts to increase their maple syrup
exports in recent years. For example, the Canadian government
provided $2.2 million to help maple syrup producers in the province
of Quebec expand and diversify their exports to the United States,
United Kingdom, Germany, Japan, and China (Desjardins, 2019). In
the United States, the USDA has funded a significant number of
educational, research, and Extension projects for promoting the maple
syrup industry and exploring new market opportunities for U.S. maple
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syrup in the United States and abroad. Although there is great
potential in many foreign markets, the industry needs to make more
efforts and investments to first introduce maple syrup to foreign
consumers who have not heard of or tried the sweetener and then
make the product available in the foreign markets.

Third, while pure fluid maple syrup has traditionally been
consumed with breakfast meals such as pancakes and waffles, there
is a great need for developing new products such as sports drinks
and functional food products with maple syrup as a major
ingredient. As consumer preferences are significantly difference
across regions, cultures, and sociodemographic groups and are
changing over time, the maple syrup industry needs to conduct
more research to understand consumer preferences and culturally
appropriate applications in either food at home or food away from
home settings.

Fourth, as Canada and the United States are the two largest
maple syrup producers in the world and the United States has been
the largest importer of maple syrup, the maple syrup industries in
the two nations have been competing in the U.S. market and major
foreign markets like Japan and China. There are potential
opportunities for the maple syrup industries in the two nations to
work together to enhance the demand, develop new technologies,
and improve the distribution of maple syrup. The effort of the
International Maple Syrup Institute to update the pure maple syrup
standard of identity through collaboration with the Codex
Alimentarius Commission is a good example of strategic market
enhancement to benefit maple syrup producers in both Canada and
the United States. One new recommendation is to expand research
on various elements of product distribution. For example,
innovations in maple syrup packaging materials and logistics could
enhance the distribution efficiency and reduce the environmental
footprint associated with expanding sales and long-distance
shipping. Another recommendation is to conduct more technical
and market research related to the shared challenges of climate and
market changes. Further research into climate impacts of maple
production and environmental services of perennial forest cover
would, again, inform pre-competitive promotion for the entire
product category in North American and global markets. Such
research is essential in order to know how the maple industry may
need to moderate existing environmental impacts or amplify
messaging about verified environmental benefits.

Because the maple syrup industries in the two countries face very
similar climate and economic challenges, more collaboration in
market research, new product development, and market development
and promotion in new markets can create win-win outcomes and
benefit the whole maple syrup industry in North America.

6 Concluding remarks

While there are very limited academic studies on the maple syrup
industry in literature, especially empirical studies on the climate,
economic, and policy challenges faced by the industry, this study is
expected to contribute to the literature with a comprehensive review
of the industry’s development, an analysis of its major challenges, and
a discussion of potential strategies for the industry to address the
challenges and move towards a more sustainable development. As
growth alone cannot be the sole indicator of the industry’s sustainable
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development, the complexity of climate, market, economic, policy, and
geopolitical factors requires strategies and solutions from not only
individual businesses, but also the unified strength of broader
coalitions and collaborations of the stakeholders of the industry.

This study suggests three major conclusions: First, the maple
syrup industry in both Canada and the United States is facing climate,
economic, and policy challenges. Climate change will continue to
affect where, when, and how to produce maple syrup, and the
changing conditions in the domestic and foreign markets and
increasing trade disputes and retaliations have also made it
increasingly difficult for maple syrup producers, processors, and other
enterprises to stay economically viable. Government policies and legal
foundations behind industrial regulations such as Quebec’s production
quota system and the absence of similar institutions in the United
States are likely to draw attention in the face of differing interests and
geopolitical challenges.

Second, the downward trend in maple syrup producer prices in
both Canada and the United States since the late 2000s has emerged
as a pressing challenge for the industry. With increasing production
costs over time, many maple syrup producers, especially small ones,
are struggling to stay in business. The maple syrup industry needs to
first address the implications of stagnant or declining prices, and then
make strategic decisions to support a mix of differentiation, product
innovation, and broader geographic distribution that can enhance
domestic and foreign market demand for maple syrup products.

Third, there is quantitative evidence that Quebec’s production
quota system has limited its production growth compared to other
major production regions. This finding is consistent with that of
Gehrke (2022). Although the system has played an important role in
stabilizing producer prices in Quebec and moderating supply risks in
the markets, it has shown a limited impact on increasing producer
prices since the late 2000s. While supply and demand together
determine market equilibrium price and quantity, the effectiveness of
the supply-side interventions alone is limited in the long run.
Although the Canadian and U.S. governments, QMSP, and many other
industrial organizations have made significant efforts to increase
consumer demand in recent years, more coordinated efforts and
investments are needed to enhance market demand for maple syrup
and its value-added products.

As discussed in the previous section, major recommendations
from this study include shifting the focus from supply-side
interventions to more demand-side enhancement, promoting
consumer demand for maple syrup in the emerging markets like Japan
and China, developing more value-added maple syrup products based
on market research, increasing both private and public investment in
technical innovation and climate mitigation, and enhancing the
collaboration, including international collaboration, in research,
education, market development and promotion.

This study is completed with known data limitations and some results
should be interpreted with caution. For example, the lack of data does not
allow us to quantify the impacts of many important factors such as
weather, climate, and technology variables on maple sap and syrup
production. Also, while maple syrup producers sell their maple syrup
through alternative markets such as the bulk market, farmers’ markets,
institutional markets, and online sales, the U.S. producer prices used in
our analysis were the average prices reported by USDA NASS and the
Canadian producer prices were the average unit values derived from the
total sales revenue and quantity reported by Statistics Canada.
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Furthermore, although there are many maple syrup producers and
wholesalers in every major production region, a small number of large
producers and wholesalers often play a dominant role in each major
production state in the United States and each province in Canada, except
Quebec in which QMSP governs the producers association, but there are
very limited data about the operation and decision making of these large
producers and wholesalers.
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