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INTRODUCTION
In March of 2014, Ontario became the first jurisdiction in North
America to successfully complete a full phase out of coal-fired thermal
power plants from their electricity generation mix (Leahy, 2014). Only
ten years earlier, coal still supplied approximately 25% of the province's
electricity generation; by 2014, that significant portion of the province's
electricity supply had been replaced by a combination of conservation
efforts, reduced demand, and increasing use of natural gas and
renewables (Schneider, 2013). But while the focus of Ontario's coal phase
out has often centred on how the province managed to accommodate
changes to its electricity supply mix or the benefits garnered from lower
GHG emissions and reduced air pollution, lost in this focus is the fate of
the workers who depended on Ontario's coal-fired power plants for their
livelihood. From plants like Nanticoke and Lambton, to communities like
Thunder Bay and Atikokan, Ontario's coal phase out was always going to
have a significant impact on those workers who would lose out in this
important clean energy transition.
“Just Transition” is the term used by union leaders and labour
activists who support the transition to clean energy or low carbon
systems but seek policies that will try to safeguard worker's employment
as the transition takes place. This essay uses the focusing event that was
Ontario's coal phase out as a jumping-off point for a broader analysis of
the factors that contribute to effective “Just Transition” policies. Taking
the conceptual ideas and principles found in “Just Transition” literature
and combining these with an in-depth case study of the Ontario coal
phase out, this essay delineates and defines not just the policies that
made the phase out a “Just Transition”, but also the underlying factors
that allowed these policies to be effectively implemented and for political
repercussions to be avoided. The conclusion stemming from this paper’s
analysis and the central thesis of this paper is that Ontario’s
implementation of the coal phase out provides an excellent example of
how a jurisdiction can and should manage a socially sustainable transition
to a cleaner energy system, while also acknowledging that several other
drivers and factors played a role in the phase out's success.
CONTEXT
The primary driver of the transition to clean energy systems is
climate change. Energy systems that are not defined as clean, in this
ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT
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case, are those that rely on the combustion of fossil fuels like coal, oil, or
natural gas to create useful energy. This combustion releases
greenhouse-gas emissions (GHGs) that trap more of the sun's rays in the
atmosphere, causing an overall warming of global temperatures that
creates unpredictable changes in climate systems around the world.
According to the United Nation’s (UN) Intergovernmental Panel on
Climate Change, some of the impacts and risks associated with climate
change include melting glaciers, lower crop yields, and a proliferation of
extreme weather events like droughts or floods (IPCC, 2014). Coal-fired
electricity generation is an especially significant contributor to GHG
emissions: in the United States, emissions from coal-fired electricity
generation represented almost one quarter of the country’s total 2013
emissions (EPA, 2015). In Canada, despite accounting for only 11% of
total generation in 2013, generating electricity from coal-fired plants was
still responsible for 9% of Canada’s total GHG emissions and 72% of
emissions from the electricity and heat sector (Environment Canada,
2015). The transition to greener, non-GHG emitting electricity sources,
such as wind, hydro, or solar, is thus a significant measure a jurisdiction
can undertake to mitigate climate change. A second reason why a
jurisdiction would consider a transition from coal to a cleaner source of
electricity generation is air pollution. In Ontario, the ground-breaking
report published in 1998 by the Ontario Medical Association played a
tremendous role in defining and measuring the negative impacts of coal
plant pollution on the people of Ontario. The report indicated that this
pollution was costing the province almost $10 billion in healthcare
expenses and was causing an estimated 1,900 premature deaths in
Ontario every year (Gibbons, 2001).
Given that the drivers of a coal phase out initiative are
environmental, it begs the question of why this essay would look
specifically at policies to do with transitioning or protecting labour in coal
phase out programs. This essay does so because of how the issue is often
framed by politicians or the media: as environmental benefits competing
against job losses. In Canada, Prime Minister Harper has clearly stated
that "no country will take action on climate change that will hurt its
economy... we are just a little more frank about that" (Whittington,
2014). This was said at the same press conference where Harper
welcomed Tony Abbott, Australia’s climate change-denying Prime
Minister, and where Harper praised Abbott for eliminating Australia’s
"job-killing" carbon tax (Whittington, 2014). In the United States, the
rhetoric of defining coal regulations and policies as job-killing actions is
even more pronounced. Mitch McConnell, the United States Republican
8
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Senate Majority Leader, has said that curbing GHG emissions "isn’t worth
the potential cost of lost jobs" (Silva, 2014), while Republican Party
Chairman Reince Priebus led opposition to President Obama’s most
recent coal-plant regulations by alleging they would kill 224,000 jobs (Fox
News, 2014). To be clear, the issue at stake is not whether coal-fired
plants actually employ a significant amount of workers or whether the
aforementioned political figures were speaking specifically about coal
phase outs. Instead, the issue is that the idea of phasing out coal plants
for climate and health purposes more often than not falls into the debate
described above, where it is criticized as a job-killing action. Politicians
may thus be wary to show the political will or take on the political risks
necessary to commit to a policy like a coal phase out. It is this wariness
that is the key to why this essay’s analysis of labour transition policies is
important. By presenting the development of labour policies in clean
energy transitions and by evaluating what actually happened to workers
in the Ontario coal phase out, this essay is able to provide policymakers
with policy tools and lessons to design coal phase out initiatives using
methods that are as effective environmentally as they are sustainable
socially.
It should be noted, therefore, that the sustainable development
framework used in this essay is one where the focus is on the social pillar
of sustainable development’s three pillars, rather than on the other two
pillars of the environment and the economy. The social pillar, in this case,
is defined as the continuing capacity of workers to maintain decent
employment or income in the face of the upheavals they may encounter
as part of a clean energy transition. Other aspects of social sustainability,
such as health, community vitality, or social equality, are beyond the
scope of this framework. By focusing on the social pillar of sustainable
development over the environmental or and economic pillars, this paper
can offer a different perspective on sustainable production and industrial
innovation analysis, one that combines the traditional environmental and
economic focuses of sustainable energy analyses with the less-common
social pillar of sustainable development. Since the 1990’s, this
perspective has in fact existed in union literature, research, and reports.
This perspective is the concept of "Just Transition".
"JUST TRANSITION" THEORETICAL FRAMEWORK
The International Trade Union Confederation defines "Just
Transition" (JT) as "a tool... aimed at smoothing the shift towards a more
sustainable society and providing hope for the capacity of a green
ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT
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economy to sustain decent jobs and livelihood for all" (Rosemberg, 2010,
p. 141). The concept of JT originated in the United States in the 1970’s,
when a representative of the United Autoworkers union proposed that
workers who lost their jobs due to employer pollution abuses should be
able to file suit against their employers for re-training and lost seniority
(TUC, 2008). At this point, JT was more prominent in the chemicals and
industry sector, rather than energy. It was not until the 1990’s that the
concept became established in Canada, when union activist Brian Kohler
used the term in a union newsletter in 1998 (Rosemberg, 2010). This led,
in 2000, to one of the foundational pieces of JT literature, the Canadian
Labour Congress’ (CLC) report entitled Just Transition During
Environmental Change. The CLC’s report said that the meaning of JT
revolved around the principles of fairness, re-employment,
compensation, sustainable production, and programs. The report also
provided a policy program that incorporated community support, income
protection, re-education, and research (CLC, 2000). By 2008, as climate
change and the need for clean energy transitions became more apparent,
a number of major unions began mainstreaming JT policies into their
union platforms. In Canada, the National Union of Public and General
Employees (NUPGE) and the Communications, Energy, and Paperworkers
Union (CEP) both adopted official JT policies that year (NUPGE, 2008;
CEP, 2008). The concept spread to unions in Europe as well, with the UK’s
Trades Union Congress (TUC) adopting a comprehensive JT strategy in
2008 and the European Trade Union Confederation (ETUC) making it a
priority to put JT on the agenda of UN climate change negotiations (ETUC,
2012). The ETUC also called for a European Union JT Roadmap to
accompany the EU’s climate change and energy strategy. Finally, the
development of JT policies in unions around the world propelled analyses
of the concept from academic sources, most notably when the
International Journal of Labour Research devoted an entire edition of
their journal to JT articles (International Journal of Labour Research,
2010).
Despite JT strategies being developed over time and in different
parts of the world, five main JT principles or policy ideas can be surmised
that are almost universally found in the JT literature reviewed above. The
first of these principles or policies is for governments to actively plan for
and invest in clean energy transitions. Governments should give a clear
signal that they are prioritizing the transition to low carbon technologies
and sectors, and have clear plans for how they want to implement the
transition. Investments can initially be driven by public sector policies,
through tools such as procurement, infrastructure projects, or public
10
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regulations, and would be the key instruments to create new
employment opportunities for workers caught in the clean energy
transition.
A second aspect of JT strategies is policies specifically designed
for social protection. This could mean everything from robust
unemployment insurance policies, to income protection, or to pension
bridging options for older workers. Other policy tools from this category
included re-employment support programs, programs that facilitated the
transition to new workplaces, preferential hiring schemes, and job
placement and career planning services. To put it succinctly, there is a
wide variety of tools available to policymakers to specifically address the
issue of protecting the employment or income of workers in clean energy
transitions, which is made abundantly clear in JT literature.
The final three of the five summarized aspects of JT are green
training and skills development, inclusive social dialogue with
stakeholders, and research. The provision of green training and skills
development is important for workers in jurisdictions undergoing a clean
energy transition as it allows the jurisdiction to effectively "absorb and
develop new technologies and to realize the potential of green
investments" (Rosemberg, 2010, p. 144). Inclusive social dialogue and
democratic consultation between social partners and stakeholders in
transitions to clean energy is important as it promotes consensusbuilding and allows for smoother implementation of transition programs.
Finally, research and early assessments into the impacts of clean energy
transitions allow governments to better predict the outcome of their
transition plans, and to mitigate risks to workers associated with the
transition.
To summarize, although JT policies have been developing in
union-related literature since the 1990s, most JT policies can be defined
through the inclusion of five primary policies. These primary policies are
(1) clear and active government transition plans, (2) social protection
schemes for workers and affected communities, (3) green training and
skills development, (4) social dialogue between stakeholders, and (5)
impact and assessment research. Policymakers looking to implement a
transition to clean energy that is as sustainable socially as it is
environmentally and economically can thus use these policies as the
theoretical or conceptual framework behind the labour transition aspects
of their clean energy transition policy plan. With this in mind, the essay
can now turn to the one primary, relevant example of a fully-realized
ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT
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clean energy transition – Ontario’s coal phase out – and use the
conceptual framework of JT as social sustainability criteria to evaluate
the implementation of the province’s phase out policy and the actual
experience of the workers.
ONTARIO’S COAL PHASE OUT
The phase out of Ontario’s four coal-fired power plants from
2010-2014 has been described as the "largest single regulatory action in
North America" taken by a government to address climate change
(Sawyer & Gass, 2014, p. 5). This paper’s case study of Ontario’s coal
phase out provides a background and an overview of Ontario’s energy
sector before looking in-depth at the implementation of the phase out
and analyzing the factors that allowed the phase out to be accomplished
effectively.
Up until the Mike Harris premiership of Ontario in the 1990’s,
the province’s electricity system had operated as a provincial monopoly.
Ontario Hydro was responsible for all electricity sectors, including
generation, transmission, and distribution. Harris prioritized the
deregulation of Ontario’s electricity system, splitting Ontario Hydro into a
number of entities and establishing a market-based system for electricity
generation. However, the deregulation program was poorly
implemented, and when the market for electricity generation was
opened in May 2002, skyrocketing electricity prices forced the
government to backtrack on the deregulation initiative (Trebilcock &
Hrab, 2005). This led to an energy sector where distribution was
privatized and carried out by hundreds of local companies, while
transmission and generation remained essentially, if not officially, under
the power of the companies that had their origins in Ontario Hydro. By
2003, growing health and environmental concerns led all three parties in
the provincial election to pledge to phase out coal in their election
platforms, with the Liberals and NDP pledging a phase out by 2007, and
the Progressive Conservatives by 2015 (Moore, 2003). The subsequent
election of the Liberal Party allowed the coal phase out pledge to begin
to be implemented, even though completion of the initiative was delayed
until 2014.
To further understand the context in which the Ontario phase
out occurred, it is important to understand the stakeholders and major
players involved in the Ontario energy sector. Ontario Power Generation
(OPG) is Ontario’s provincially-owned electricity generation company,
12
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formerly the generation branch of Ontario Hydro. OPG owns sixty-five
hydro, five thermal, and two nuclear plants in the province, with a total
installed capacity of 19,000 MW (about half of Ontario’s mix) (OPG,
2014a). All four coal plants involved in the phase out are owned by OPG.
Transmission in Ontario is handled by Hydro One, which transmits power
to local distribution companies (LDCs) for consumption. Other players
involved in the energy system include the Independent Electricity System
Operator (IESO), which directs and balances the flow of power, the
Ontario Power Authority (OPA), which provides the long-term planning of
Ontario’s electricity system, the Ontario Ministry of Energy, which sets
policy, and the Ontario Energy Board (OEB), which oversees the energy
sector and the aforementioned institutions (OEB, 2013). Two influential
unions represent the workers of the Ontario energy sector. Of OPG’s
10,840 employees, 6,300 are represented by the Power Worker’s Union
(PWU), and 3,400 are represented by the Society of Energy Professionals
(SEP) (OPG, 2013). These unions were heavily involved in the coal closure
agreements discussed later.
In terms of how the phase out of Ontario’s coal plants was
accomplished with regards to the province’s electricity supply, the
generation that came from coal was, for the most part, replaced by
constructing new wind power capacity and by increasing the supply of
electricity from natural gas plants. In 2005, Ontario’s coal plants supplied
a fifth of the province’s power, approximately 29.4 terawatt-hours (TWh)
out of a total of 153 TWh (Environment Canada, 2015). Wind power was
essentially negligible in 2005, only supplying 0.02% of the province’s
generation. By 2013, this share had grown to 3% of the province’s total
supply (4.3 TWh) (Statistics Canada, 2014). Wind is further expected to
provide 10% of the province’s electricity supply by 2030 (Marshall, 2013).
Natural gas electricity generation increased by 38% over the course of
the phase out, from 16 terawatt-hours (TWh) in 2003, to 22 TWh in 2013
(Ontario Ministry of Energy, 2013). Ontario’s other main electricity
sources, nuclear and hydro, which supply approximately 50% and 25% of
the province’s generation respectively, remained virtually the same from
2005-2013 (Statistics Canada, 2014). The province is not expecting any
further significant changes in nuclear and hydro’s share of supply in the
coming years (Schneider, 2013).
Although it is important to describe how Ontario managed to
replace its electricity supply from coal with other sources, since the
primary focus of this paper is on the social pillar of sustainable
development and the fate of the plants’ workers, it is necessary to delve
ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT
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into the details of how the phase out occurred at each of Ontario’s
former coal plants: Atikokan, Lambton, Nanticoke, and Thunder Bay.
Lakeview Generating Station in Mississauga was the fifth coal plant in
Ontario, but since this plant was closed in 2005 and demolished in 2007
due to reaching the end of its serviceable life, it was not part of the
government’s phase out initiative and is not included in this paper’s
analysis.

Atikokan
The first of Ontario’s coal plants to stop burning coal due to the
phase out was Atikokan Generating Station, located in northern Ontario
approximately 175km west of Thunder Bay. Commissioned in 1985, this
was Ontario’s smallest coal plant, with an installed capacity of 200 MW
(OPG, 2014b) and ninety employees (OPG, 2011). Atikokan’s last coal was
burned on September 11, 2012. After this, the plant underwent a
conversion process to convert from coal to biomass. This process
involved the construction of two silos, each capable of storing 5,000
tonnes of biomass. Since completing the conversion process in the
summer of 2014, Atikokan has become North America’s largest 100%
biomass plant. The plant uses wood pellets, which are sourced from local
sustainably managed forests, have the same energy content as lignite
coal, and provide a 90% benefit in GHG emissions compared to coal
(OPG, 2013).
Lambton
The second of Ontario’s plants to stop burning coal was
Lambton Generating Station, located south of Sarnia and built in 1969
(OPG, 2014c). When it ran all four of its generator units, Lambton had a
capacity of 1,967 MW. This capacity fell to 950 MW when two of the
units were shut down for retirement in October 2010. The other two
units stopped burning coal in September 2013 (OPG, 2014d). Currently, a
skeleton crew of twenty-three employees remains at Lambton,
preserving these remaining two units for a possible long-term conversion
to biomass or to natural gas if the province requires additional electricity
supply in the future (Levesque, 2014). When the plant operated at full
capacity it employed 390 workers, which was reduced to 290 after the
first two generator units were retired (Sarnia Lambton Workforce
Development Board, 2010).

14
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Nanticoke
Nanticoke Generating Station, located on the north shore of Lake
Erie in Haldimand County, was commissioned from 1972 to 1978. At its
full capacity of 4,000 MW, Nanticoke was not only the largest coal plant
in Ontario, but one of the largest coal plants in the world. Four of the
plant’s eight generator units were retired in 2010 and 2011, leaving an
installed capacity of 1,880 MW (OPG, 2012). The other four generator
units burned coal to generate electricity for the last time on December
31, 2013 (OPG, 2014d). Similar to Lambton, Nanticoke’s four remaining
units are being preserved by OPG for possible conversion to biomass in
the future, should the need for additional supply capacity arise. Around
250 workers remained at Nanticoke after the retirement of the first four
generator units (Vo, 2013).

Thunder Bay
Finally, the oldest of Ontario’s coal plants and the last to stop
burning coal was Thunder Bay Generating Station, which had been in
service since 1963 (Ontario Ministry of Energy, 2014). This station had an
installed capacity of 306 MW and employed 115 workers (Ross, 2014).
The plant burned coal for the last time on April 8th, 2014. Like Atikokan,
Thunder Bay was also converted to biomass, with the conversion
completed in February, 2015 (OPG, 2015). Unlike Atikokan, however,
Thunder Bay plans to use a specific advanced type of biomass that has
been treated to repel water, and can thus be stored outdoors where the
plant’s stock of coal used to be. The plant is expected to be used as a
backup peaker plant, available to meet the province’s peak demand,
backup hydro in low water years, or supplement intermittent sources
such as wind and solar (OPG, 2014e).
The implementation of the coal plant phase out, therefore, can
be divided into two categories. The two larger plants, Nanticoke and
Lambton, were essentially shut down, with only a skeleton crew kept on
to preserve generator units. Atikokan and Thunder Bay, on the other
hand, were converted to biomass. How the phase out was managed in
terms of what happened to the plant’s workers was likewise divided
according to these two categories. The converted plants have been able
to keep much of the same workforce as when they operated using coal.
Thunder Bay is expected to retain 70 of the 115 jobs that existed prior to
conversion (the remaining jobs were treated like those in the shut down
plants category) (Ontario Ministry of Energy, 2014). With Atikokan, not
ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT
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only have all 90 of the plant’s jobs been retained, but 150 new, local jobs
were created through the supply contracts for the wood pellets now
being used in the plant (OPG, 2013). These contracts, some of which
include arrangements designed to benefit Aboriginal communities, are
expected to stimulate the Northern Ontario forestry sector and, as such,
create extensive local economic and social benefits on top of the plant
conversion’s environmental and health benefits.
For the Lambton and Nanticoke plants that were, for all intents
and purposes, shut down, the fate of the workers once employed by
these plants was handled through coal closure agreements between OPG
and the two unions that represented these workers, PWU and SEP. These
closure agreements were generous, and represented a prime example of
how a province should manage the transition to a clean energy system in
a just way. To begin, no workers actually lost their jobs; after being given
a mandated one year notice of the plant’s closure, all workers received
an option sheet. Those who wished to remain with OPG had the option of
transferring to one of the company’s 65 hydro plants or to the Darlington
or Pickering nuclear plants; otherwise, workers could also choose to
receive a severance package (Morden, 2013). Workers were allowed to
transfer where willing, though seniority and availability of their job
classification (e.g. operator, mechanic, or electrician) played a role in
where they ended up transferring, especially if workers chose not to be
re-trained with the offered training programs. Many operators from
Lambton chose to transfer to North Bay, though Niagara Falls and
Saunders hydro plants were also popular destinations (Levesque, 2014).
The agreement specified that the availability of positions was not a
necessary condition for workers to transfer to these other OPG plants.
This meant that some of the plants went "over-complement", meaning
that the plants employed more workers than needed. Under these
circumstances, the plants remained in the state of over-complement until
regular attrition through retirement or workers choosing to leave
reduced employment to normal levels (Levesque, 2014). Next, extensive
moving benefits were included in the coal closure agreement, with OPG
hiring moving companies for the workers and paying for all moving costs.
As workers put their old homes on the market, OPG provided three
housing evaluators to determine a competitive market price for the
home. If the worker’s home would not sell, OPG bought the home from
the worker at the price set by the evaluator and dealt with selling the
home themselves. For those who had not yet bought a house upon their
transfer, OPG covered room and board for up to sixty days in the new
location. All workers were also granted a $1,400 bonus to cover
16
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incidental fees associated with making their new homes liveable and had
a ten year price guarantee on the value of their new home, in case the
workers decided to move again but faced lower home market prices by
that time (OPG, 2006). Finally, not all workers chose the option of
remaining with OPG, with some deciding to look for work elsewhere and
others deciding to retire. For the retirement eligible workers, the coal
closure agreement provided a retirement package consisting of a
$500/month pension as well as other benefits for life. Those who left the
company were offered a severance package that consisted of five
months’ pay, plus another four weeks of pay for every year of service
(PWU, 2012).
PHASE OUT EVALUATION
From an environmental standpoint, the phase out can be
evaluated as a success. It has directly contributed to net GHG reductions
of 33 mega-tonnes since 2009 (equivalent to 4.5% of Canada’s total 2013
emissions) (Environment Canada, 2015), as well as the lowest levels of
provincial mercury emissions on record (OPG, 2013). However, for this
paper’s evaluation of the phase out, the primary criteria are not
environmental or economic indicators, but the criteria for social
sustainability as defined by the "Just Transition" framework found earlier.
From this paper’s study of the phase out, it is clear that most of the
paper’s JT criteria for a socially sustainable clean energy transition were
in evidence. The Ontario government provided a very clear and active
transition plan that stemmed from the government’s priority to green
the energy system. Using communication tools like the Long Term Energy
Plan, the Government and the OPA planned how they would
accommodate changes to the province’s electricity supply and effectively
communicated these to Ontarians and to the workers affected by the
phase out. The Government further gave a clear signal of their intentions
with investments of over $21 billion in cleaner electricity generation
(Ontario Ministry of Energy, 2013). The second JT criterion, the use of
social protection schemes and policies for affected workers, is arguably
the most important criterion for social sustainability as defined in this
paper. As the case study analysis showed, the phase out included
numerous policies for protecting workers in the transition. The coal
closure agreements between OPG and the workers represented by PWU
set clear and generous moving benefits, retirement and severance
packages, and effectively protected the incomes of all workers affected
by the phase out. For this reason, the phase out met the second JT
criterion very effectively. The next three JT transition criteria for social
ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT
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sustainability were also adequately met in the phase out. Regarding
green training, the coal closure agreements did not specifically address
how much green training would be provided, although it was noted as an
option for workers to choose when given their closure option sheets. The
closure agreements also provided tuition reimbursements of up to
$5,000 within the next two years for workers who chose severance
packages (PWU, 2012). Social dialogue was a key component of the
phase out’s implementation, with OPG negotiating with PWU and the
other unions involved to settle the coal closure agreements that let both
sides effectively address their concerns. Finally, how much the province
looked at impact and assessment research was not entirely clear,
although they were able to draw on the OMA report on the effects and
costs of coal pollution to substantiate and justify their intentions for the
phase out to the workers (Ontario Ministry of Energy, 2014). Taken
together, therefore, it can be argued that using JT criteria for workers
affected by a transition to a green energy system proves that the Ontario
phase out was, from a social sustainability perspective, implemented
effectively. Policymakers and politicians in the future can thus look to the
phase out’s implementation for lessons on how to avoid political risks
involved with proposing clean energy transitions that harbour the
potential for job losses.

FURTHER FACTORS OF SUCCESS
As important as it is for policymakers or politicians to have an
understanding of how the phase out was implemented effectively, it is
equally important to identify and analyze further factors that led to the
phase out’s success which may or may not have necessarily been in the
control of Ontario policy and decision makers. This is especially important
for any future analyses of the potential for other jurisdictions to
implement a coal phase out similar to Ontario’s. In Canada, these
jurisdictions include Alberta, Saskatchewan, and Nova Scotia, while many
US states and countries like Australia, South Africa, and Germany all
currently still depend on coal for the majority, or a substantial portion, of
their electricity supply (World Coal Association, 2014). The newly-elected
government of Alberta has even proposed completing their own phase
out within the next ten to fifteen years. Their plan is expected to be
ready in time for the UN climate change conference taking place in Paris
in December 2015 (Hamilton, 2015). The potential for these future
energy transitions is, therefore, kept under consideration during this
analysis of the phase out factors of success. It should also be noted that
18
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this essay does not claim that these factors are necessary or sufficient for
a successful phase out to take place, only that they have been identified
through the paper’s research, and that their role should be taken into
consideration for policymakers to attain a comprehensive understanding
of the success of Ontario’s coal phase out. The five further factors of
success identified by this paper, therefore, are as follows:
1 Union Power, Legacy, and Stance
The relative power and stance of the Ontario unions that
represented the workers involved in the phase out was instrumental in
ensuring the phase out would be socially sustainable. Both PWU and SEP
were long established, well-functioning Ontario-based unions, with useful
links to larger union organizations. PWU, which represented most of the
workers involved in the phase out, was established in 1944 and could
draw upon institutional links with the Canadian Union of Public
Employees and the Canadian Labour Congress (PWU, 2014). SEP was
established in Ontario in 1948, and could use connections with the USbased International Federation of Professional and Technical Engineers
(SEP, 2014). This legacy of union power in Ontario’s energy sector cannot
be understated in the success of the coal phase out. Institutional
relations between the unions and OPG (and its Ontario Hydro precursor)
had already had the chance to mature long before the phase out began,
with the last PWU work stoppage occurring over 25 years ago (Levesque,
2014). Therefore, for other jurisdictions considering a coal phase out, a
lack of institutionalized union power similar to Ontario could reasonably
lower the chances of a coal phase out successfully meeting social
sustainability criteria.
2 Political Will and Leadership
When the Ontario Liberal party was elected in 2003, the phase
out of coal plants was one of their top energy platform priorities (Wynne,
2014). Even throughout the "gas plant scandal" that threatened their
hold on power in the 2014 election (which originated from the
government’s belief that new natural gas plants would have to be
constructed to replace the supply capacity lost from the coal phase out),
the government continued to press on with their commitment to phase
out coal (Benzie, 2014). The importance of political will and leadership in
the implementation of the phase out is even more convincing when one
considers the priorities of previous Ontario governments, which, as
demonstrated earlier, could have prioritized the transition to green
ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT

19

Volume X - 2015

energy, but chose to prioritize deregulation and privatization of the
electricity sector instead.
3 Energy Sector Make Up
It also cannot be understated how important it was that all of
the coal plants involved in the phase out were owned by OPG - which, in
turn, was owned and controlled directly by the Government of Ontario
(OPG, 2014a). This gave the government complete control over any
decisions made with the plants, including staffing decisions,
environmental safeguards, capacity of the plants, and, of course,
closures. The province would have had much more difficulty
implementing the phase out had the energy sector been fully privatized,
as they would have then been forcing the closure of an independent
company’s assets, or would have had to rely on other regulatory tools.
Another factor was that OPG owned enough other plants for the 1,200
workers involved in the coal phase out to transfer. Without this capacity
to accommodate the transferring workers, new plants would have had to
have been constructed before the coal plant closures could take effect,
or more workers would have faced job losses to complete the clean
energy transition.
4 Public Perception and Advocacy
Public perception in favour of closing down Ontario’s coal
plants was another factor in the phase out’s success, as evidenced by all
three political parties agreeing to phase out coal in their 2003 election
platforms (Moore, 2003). Public perception was greatly influenced by the
advocacy of non-governmental organizations like the Ontario Clean Air
Alliance (OCAA). OCAA was formed in 1997, at a time when a majority of
people in Ontario “didn’t know that... Nanticoke Generating Station on
Lake Erie was the largest coal plant in North America and Canada’s #1 air
polluter” (Leahy, 2014). The work of OCAA in turning Ontarians against
coal was further aided by the influential report of the OMA mentioned
earlier in this paper, which, for the first time, calculated the health costs
associated with the province’s coal-fired electricity generation (Leahy,
2014). Similar reporting has recently occurred in Alberta, where the
Canadian Association of Physicians for the Environment have estimated
that the province’s coal plants cost $300 million in medical costs and lead
to 100 premature deaths in the province per year (CAPE, 2013). In
contrast to Ontario, political leaders and public perception in the US is
greatly influenced by a powerful and well-funded pro-coal lobby. In 2008,
20
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at the same time that Ontario was deciding on how to implement its coal
plant closures, this lobby spent almost $30 million on advertising to push
public perception in favour of coal (CMD, 2012).
5 Fortuitous Timing
The successful phase out of Ontario’s coal plants was further
facilitated by fortuitous timing in that the phase out coincided with lower
overall electricity demand in the province. This put less pressure on the
electricity system to make up for the loss of installed capacity from the
closure of the coal plants. Electricity generation in Ontario fell by 10%
between 2005 and 2013, from over 155 TWh in 2005, to just over 140
TWh in 2013 (OCAA, 2014). While this lower generation is often
attributed to the 2008-2009 recession, electricity demand and generation
levels have actually stayed relatively constant since the recession ended
in 2009, even as the province’s GDP grew by 8.5% during the same period
(OCAA, 2014). This argument shows that a coal phase out may prove to
be more problematic in a jurisdiction facing increasing electricity
demand.
Taken together, the five further factors of success of Ontario’s
coal phase out show that there are both outside enhancers and
impediments to the successful design and efficient implementation of
coal phase out and energy transition initiatives that meet sustainable
labour criteria. The role of these factors - union power, political
leadership, energy sector structure, public perception, and timing should, therefore, each be taken into consideration by policymakers
when examining the potential for a sustainably-implemented coal phase
out in their jurisdiction.
CONCLUSION
To summarize, this essay has identified Ontario’s coal phase out
as an excellent example of how a clean energy transition can be achieved
in a manner that is socially sustainable and mitigates the political risks
involved with power plant closures. To begin with, the paper showed why
clean energy transitions are occurring, and how the political risks
involved with coal phase out proposals are an important reason for
looking at labour transition policies in this context. The principles of “Just
Transition”, the concept put forth by unions in favour of the clean energy
transition but fearful of its impact on workers’ jobs, were identified and
used in the paper to provide a theoretical framework for analyzing the
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social sustainability of Ontario’s implementation of the coal phase out.
The in-depth and comprehensive case study of how the phase out took
place at the Atikokan, Lambton, Nanticoke, and Thunder Bay plants
showed that it was successfully implemented in a socially sustainable
manner, with jobs and incomes of workers effectively protected through
coal closure agreements or plant conversions. Finally, the essay’s further
analysis of the phase out revealed five more factors that played a role in
the phase out’s success, including union power, political leadership,
energy sector structure, public perception, and timing.
In conclusion, the effective next steps to take from the lessons
gleaned from this paper would be to look at the potential for similar coal
phase out initiatives to occur in other coal-dependent jurisdictions. This
kind of analysis would further delineate the necessary conditions for a
successful coal phase out, as the current singularity and uniqueness of
Ontario’s initiative limits the ability to comparatively analyze the relative
effectiveness of the Ontario phase out. Looking at other potential
jurisdictions, therefore, would further enhance policymakers’ knowledge
of effective and socially sustainable coal phase out design and
implementation programs, and would thus further contribute to the
development of policies that establish the end-goal of a truly sustainable
energy system.
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INTRODUCTION
Québec and New England first began trading power in the 1980s
and, by 2013, 10.3% of all electricity consumed in New England came
from Québec. New England currently faces a difficult choice as they
require new supply solutions to replace aging nuclear and coal
generation plants, many of which are scheduled to be retired within the
next five years. Increasing hydropower imports from Québec is one of the
solutions being considered to address the impending shortage. A number
of high-profile new transmission line projects from Québec to the Boston
area and other large load centres are currently under negotiation and are
fueling controversy in New England.
This paper will argue that New England would benefit from
increased hydropower imports from Québec and should proceed with
the proposed transmission projects. In addition, this paper recommends
that New England exert caution when negotiating power purchase
arrangements with Québec in order to avoid reducing the level of
competition in its liberalized power market by granting unconstrained
market access to Hydro-Québec, the large government-owned monopoly
utility in Québec. This paper presents the two independent electricity
systems, examines the benefits and impediments of Québec increasing
hydropower supply to New England, and, finally, explains the potential
consequences of granting Hydro-Québec greater access to New England’s
competitive power market..
THE QUÉBEC AND THE NEW ENGLAND POWER MARKETS
The arguments presented in this paper necessitate a general
understanding of power markets, and more specifically, the power
markets of Québec and New England. Electricity markets in North
America are divided into several regions, with each region encompassing
a number of independent systems or “markets”. Québec’s independent
system is Hydro-Québec Transénergie (HQT). HQT is a market on its own,
as is the Independent System of New England (ISNE). Both the HQT and
ISNE markets belong to the Northeast Power Coordinating Council region
(NPCC) (as shown in Figure 1) along with Ontario’s independent system
and those of New York, New Brunswick, and Nova Scotia.
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Figure 1 North American electricity regions and markets

Source: (NERC, 2012)
Québec’s power market is dominated by Hydro-Québec, a stateowned electric utility which has a monopoly 1 over generation,
transmission and distribution. Hydro-Québec is composed of four main
incorporated divisions: Hydro-Québec Distribution, Hydro-Québec
Transénergie (HQT), Hydro-Québec Production and Hydro-Québec
Équipement et services partagés which take on the market role of
electricity distribution, transmission, power generation and project
construction respectively.

1

This is a simplification as there are a number of independent distributors and
generators in Québec. These other market participants, however, all buy from or
sell to Hydro-Québec (respectively), and their price is regulated in a similar
manner to that of Hydro-Québec.
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The New England market includes the following states: New
Hampshire, Vermont, Maine, Rhode Island, Connecticut, and
Massachusetts.

Figure 2: Map of New England

Source: (ISO-NE, 2014a, p. 31)
Retail electricity prices for end-users in New England are higher
than in neighbouring independent systems (HQ, 2014a) because New
England is less endowed with large energy resources than other
independent systems (i.e., coal, hydro, or gas). As a result of this relative
scarcity, New England today finds itself struggling to acquire sufficient
coal and gas imports (ISO-NE, 2014a, p. 77). In contrast, Québec has the
lowest electricity prices in North America (HQ, 2014a) along with
Manitoba, another hydro-dominated province.
Both Québec and New England’s electricity sectors have
undergone restructuring over the course of the past twenty years. The
traditional market structure prior to restructuring was a vertically30

ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT

Volume X - 2015

integrated utility model with one single government-owned or regulated
distributor benefiting from a monopoly over a concession area.
Restructuration and liberalization have taken many forms. Québec and
New England, for example, have approached restructuring differently. In
restructured electricity markets, monopolist utilities are typically
dismantled into generation, transmission, and distribution market
participants, as is the model that Hydro-Québec has chosen (HQ, 2007;
Kopsakangas-Savolainen & Svento, 2012, p. 5). Québec’s HQT system
underwent restructuration in order to be authorized by the Federal
Energy Regulatory Commission (FERC) to trade electricity with New
England’s ISNE. The depth of restructuration, however, was relatively
minor; for instance, Québec did not organize around a system operator
and transparent power exchange system (Carr, 2010), which are
considered the staples of a liberalized power market.
All New England states with the exception of Vermont pursued
not only the liberalization of power generation business but also the
liberalization of the retail business through successive waves of reforms
(EIA, 2010). When the generation business was opened to competition,
generators both inside and outside the jurisdiction started to compete
against each other on price in order to supply the load (KopsakangasSavolainen & Svento, 2012, p. 6). The Independent System Operator of
New England (ISO-NE) is responsible for balancing the supply with the
load on a continuous basis, as well as planning for medium- and longterm energy supply, grid reliability, and transmission system upgrades.
Despite Hydro-Québec’s inherent primary mandate to supply electricity
to Québec’s domestic market, Hydro-Québec has been active in export
markets, particularly with the Northeastern United States (Pineau, 2013,
p. 370). Hydro-Québec Production participates extensively in power
trade with the ISNE by bidding and trading on the power exchanges
system (or “spot market”). The higher electricity prices of ISNE offer
attractive business opportunities and Hydro-Québec has a history of
making substantial accounting profits from inter-jurisdictional trade
(Lanoue & Mousseau, 2014). For instance, in 2014, record high dividends
of $2.5 billion were paid to Hydro-Québec’s one shareholder, the
Government of Québec (HQ, 2015).
Table 1 presents a number of statistics providing context for both
Québec’s and New England’s systems as well as the current level of
electricity trade.
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Domestic
Consumption
(2013)
Installed
Capacity
(2013)

Electricity
Storage
Capacity
Domestic Peak
(Record high)
Fuel Mix (in
GWh, 2013)
Note: In the NE
column,
parentheses
indicate that
imports were
included in the
breakdown.

Existing
Interties

Electricity
Traded in 2013

Québec’s HQT

New England’s ISNE

173,300 GWh

129,377 GWh
+1,624 GWh consumed for
pumped storage
31,759 MW

Total firm capacity: 42,895
MW
Total w/ wind: 45,294 MW
36,068 MW owned by HQP
+5,428 MW Churchill Falls
(NL)
+1,399 MW for other firmpower IPPs (non-wind)
+2,399 MW Wind
175,000 GWh (hydro
reservoirs)
38,286 MW (2011)

1,211 GWh (pump storage)

28,130 MW (2006)

99% Hydro (Mostly large h.)
1% Others: wind &
biomass.

45.1% (38.5%) Natural Gas
33.2% (28.4%) Nuclear
6.4% (5.5%) Hydro
5.6% (4.8%) Coal
1.6% (1.4%) Wind
1.1% (0.9%) Pumped Hydro
0.9% (0.8%) Oil
6.3% (5.4%) Other Renewables
n/a (10.3%) Import from QC
n/a (2.7%) Import from NB
n/a (1.5%) Import from NYS
Total: 2,275 MW (Direct), 3,355 MW (including NB)
+ 225 MW High-Gate thru Vermont
+2,000 MW Radisson-Sandy Pond Phase I/II thru NH
+ 50 MW also thru NH
Interties with NB, with possibility to re-channel to ME: 1,080 MW
QC to NE: 13,500 GWh
NE to QC:
0 GWh (approx.)
NB to NE: 3,500 GWh (likely originating from QC)
Or: 10.3% of NE consumption w/o the NB route
13.0% of NE consumption from Canada

Table 1: Key statistics of Québec’s and New England’s neighboring
systems
Source : (HQ, 2011, 2014c; ISO-NE, 2014a)
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A large percentage of the electricity consumed in New England
(10.3%) was purchased from the HQT system through HQT-ISNE interties
and 2.7% was purchased from the New Brunswick system (NB) through
NB-ISNE interties. This makes Québec the third largest source of
electricity in New England after natural gas (38.5%) and nuclear (28.4%).
BENEFITS OF QUÉBEC’S HYDROPOWER IN NEW ENGLAND
Despite already considerable imports of hydropower from
Québec, New England may soon import more of Québec’s production.
New England faces aging generation infrastructure with legacy coal-fired
and nuclear power stations soon to be phased out. In August 2013, and
subsequently October 2013, the ISO-NE received a number of abrupt
requests to leave the market, totalling 3,106 MW of thermal and nuclear
generating units to be taken offline (ISO-NE, 2014a, p. 62). As a result of
these unexpected retirements, and because additional units may be
nearing retirement, the ISNE is expected to face a shortfall of about
400 MW starting in 2019, reaching a critical point in 2023. This supply
shortfall will happen despite energy efficiency efforts, distributed
renewable energy generation uptake forecasts, and the additional
resources that are already in the queue. Most New England states are
leading the country in energy conservation policy according to ACEEE,
which publishes state policy scorecards annually (2014). Their results
suggest that contributions from conservation have already been
attributed.
Three main electricity supply options are available to bridge this
shortfall: hydropower from Québec, natural gas generation, and new
renewables (including but not limited to wind, solar PV, small hydro,
biogas and biomass). According to the 2014 Regional System Plan of the
ISO-NE (2014a), the shortfall will most likely be bridged using all three
options. This paper argues that hydropower from Québec should
constitute a larger share of New England supply mix for the following
three reasons: (A) cost, (B) climate change, and (C) flexibility.
(A) Cost: Firstly, production costs of hydropower from Québec, even from
the most recent and thereby most expensive generating stations (e.g. La
Romaine), and after accounting for new transmission infrastructure, are
cheaper than new renewables. From a cost perspective, natural gas
generation is the main challenger to hydropower imports because of
price-competitiveness. Natural gas, however, would need to be
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transported to New England via new gas pipelines, the same way
hydropower from Québec would require new transmission lines. New
England does not have a shale gas basin making the extraction of local
gas through hydraulic fracturing impossible. Natural gas would need to
be transported to New England from a Western domestic shale gas basin
through pipelines or imported from the East through new liquefied
natural gas terminals. Similar to electricity transmission lines, the
construction of gas pipelines will require considerable investment.
However, according to an in-depth study conducted by Black & Veatch, a
consultancy working on behalf of the New England States Committee on
Electricity (NESCOE), increasing electricity imports (including associated
transmission infrastructure) would result in an annual reduction in
electricity costs for end-users totalling between US$103 million and $471
million against other alternatives such as new gas pipelines (2013, pp. 1–
1). The ISO-NE similarly recommended increasing imports from Canada to
address the region’s dependence on gas (ISO-NE, 2014a, p. 194) since
hydro generation is not subject to the same level of market price
volatility. Regionally, average gas prices could be expected to increase
because several planned liquefied natural gas export terminals in New
England could unlock new potential demand for North American gas in
Europe and Asia.
(B) Climate Change: The second reason that Québec hydropower should
hold a larger market share in New England is climate change. The level of
greenhouse gas emissions from hydropower generation is significantly
lower than that of natural gas generation. Large hydropower, particularly
large-scale impoundment dams, is not a zero-emission source of
electricity as is often depicted. While the operation of a dam does not
produce carbon, emissions still result from biomass decomposition after
the flooding of forested areas, which emits methane, a powerful
greenhouse gas. A recent study on one of Hydro-Québec’s newest large
hydro reservoirs (Eastmain-1-A-Sarcelle-Rupert hydropower project)
showed that additional large-scale hydro projects in Québec’s boreal
forest have the potential to emit approximately 40% of the greenhouse
gas emissions of combined-cycle natural gas generation for an equivalent
amount of electricity generated over the course of the hydro project’s
lifetime (100 years) (Teodoru et al., 2012, p. 14). According to this
particular study, hydropower from the Eastmain-1-A-Sarcelle-Rupert
complex is 60% less carbon-intensive than natural gas. Emissions are,
however, still dependent on the area/ecosystem being flooded, the
mitigation measures implemented, and on the throughput expected from
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each project. Consequently, hydropower projects will have a unique level
of emissions per kWh.
(C) Flexibility: The third and final reason to favour Québec hydropower is
“flexibility”. Hydropower and strengthened interties between markets
offers a readily-available, mature technical solution to address the
challenges created by increased penetration of new renewables. New
renewables are expected to represent a growing share of the power mix
in New England, are popular amongst voters, and are often seen as the
lowest-carbon emitting and most socially-acceptable energy supply
solutions (ISO-NE, 2014a). To accommodate these technologies, there
will be a growing need for flexible resources to absorb the increased
variability of the net load caused by new renewables. This is a critical
area of research globally. The IEA issued two comprehensive reports that
summarize the state of knowledge on how to cope with the increasing
need for flexibility due to variable output renewable energy resources
(2011, 2014). According to the IEA, reservoir hydro is a “highly flexible”
energy resource, recognizing that: “[r]eservoir hydro is often constrained
by environmental and other factors. However, in many cases it will be in
an excellent position to provide flexibility. Environmental regulations
should be designed accounting for the importance of reservoir hydro for
the overall decarbonisation of the power system.” (IEA, 2014, p. 130).
IMPEDIMENTS TO INCREASED IMPORT OF QUÉBEC’S HYDROPOWER IN
NEW ENGLAND
Trade intensification between Québec and New England will
require substantial investments in transmission infrastructure. Presently,
Québec has approximately 30,000 GWh per year at its disposal for
export. According to Lanoue et al. (2014), the current transmission
capacity can carry up to a total of 10,000 GWh in the Northeast markets
during peak time (i.e. approximately 1,000 hours per year) when spot
market prices are attractive in New England and New York. In 2012, the
remaining 20,000 GWh had to be sold at low off-peak prices. Québec
needs more transmission capacity to deliver electricity when demand,
and consequently prices, are the highest. There is recognition of this
need for more transmission capacity not only in Québec but also in New
England (ISO-NE, 2014a, p. 192), with a number of large transmission
upgrades and new transmission line projects already in the queue.
Figure 3 summarizes the four large transmission projects currently
under discussion: the “Green Line” from New Brunswick to
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Massachusetts2, the “Northern Pass” from Québec to Massachusetts, the
“Champlain Hudson Power Express” from Québec to New York3, and the
“Northeast Energy Link” starting and ending in Maine4 (NESCOE, 2013, p.
30).
Figure 3: Snapshot of Relevant Existing and Proposed Generation
and Transmission Projects

Source: (NESCOE, 2013, p. 36)
Proposed several years ago, progress on the four transmission
projects has been disappointingly slow. Challenges that are slowing down
the development of transmission projects include: (1) siting of new
transmission lines; (2) regulatory and procedural hurdles within ISO-NE;
2

As per the FERC pro-forma rules, any existing or new New Brunswick-New
England intertie projects may carry electricity coming from Québec just as much
as electricity from Labrador’s Lower Churchill hydropower projects through the
Maritime link.
3 The Champlain Hudson Power Express is not exactly a new HQT-NEIS intertie,
but electricity could nevertheless be used in NEIS through existing interties
between the New York Independent System and the NEIS.
4 The Northeast Energy Link would eliminate a local network bottleneck, thereby
allowing more electricity to flow from New Brunswick to Massachusetts.
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(3) the bad environmental reputation of large hydropower; and (4) weak
climate change mitigation policies.
(1) Siting of the new transmission lines: The densely-populated lower
New England is the source of greatest electricity demand (77.3%)5 and
therefore the construction of new transmission lines across upper New
England is a precondition to intensifying trade with lower New England.
The aforementioned transmission projects must cross Vermont, New
Hampshire or Maine, and all are subject to extensive opposition and/or
legal challenges from local stakeholder groups in scarcely-populated
upper New England States. Local populations see themselves suffering
from the consequences of new infrastructure while perceiving that most
of the benefits will be realized by others – i.e. the hydropower producer
in Canada and electricity end-users in lower New England (NESCOE, 2013,
p. 30).
(2) Regulatory and procedural hurdles within ISO-NE: Planning and
coordinating transmission investment projects is a critical role of the ISONE, and it must follow specific rules and guidelines established by both
the FERC and ISO-NE when submitting and receiving project proposals, as
well as queuing up, prioritizing, studying/reviewing, and approving
projects. Reviewing and approving projects can take a significant amount
of ISO-NE’s and project developers’ resources and time. Canadian crossboundary and cross-system transmission projects fall into a specific
category: Elective Transmission Upgrades (ETU), - which has been
plagued with bureaucratic burden and delays. These procedural hurdles
are seen as unnecessary given that ETUs are funded by developers (who
will see a return only if sales and prices allow it) instead of being funded
by ratepayers through regulated transmission pricing like many other
transmission upgrades. In 2014, the ISO-NE recognized a number of
shortcomings regarding the processing of ETUs. The ISO-NE launched the
“ETU Process Improvements Project” in August 2014, to address the
shortcomings and accelerate the process (ISO-NE, 2014b; Kowalski &
Ruell, 2014).
(3) Environmental reputation of large hydropower: New England-based
environmental groups, such as the Conservation Law Foundation, Sierra
Club, or International Rivers, have a long history of fending off large

5

Source: (ISO-NE, 2014a)
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hydropower import on the basis of its poor reputation. Alternatively,
these organizations are promoting energy conservation and new
renewables. New Englanders have shown concern towards
environmental and social impacts outside of New England and have
therefore been sensitive to these considerations.
Large hydropower projects have a tremendous impact on the
environment and communities where they are implanted. This paper
does not challenge this view, however, it should be noted that this view
fails to appreciate the magnitude of electricity throughput for each large
hydropower site over the course of its lifetime (i.e. up to 100 years), and
fails to appreciate that other energy sources also have social and
environmental impacts, including new renewables.
In a report on best practices in hydropower development, the IEA
(2000) documented a long list of environmental impacts from key energy
resources, such as land use, mercury emissions, volatile organic
compounds and particles emissions, and intrinsic energy use. These
impacts were then divided by output as shown in Table 2. When were
compared on a unitary basis (i.e. impact per kWh), large hydro projects
have a lower cumulative impact than coal, nuclear, and natural gas
generation, and similar impacts to that of the new renewables on most
counts. Many of the environmental impacts of new renewables are a
result of industrial processes, the global supply chain, and installation
work occurring prior to electricity generation, or as a result of
decommissioning at the end of the system’s usable life. A thorough
evaluation of all impacts before, during, and after operation of an energy
resource is referred to as a “life-cycle assessment”.
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Table 2: Synthesis of Environmental Parameters for Energy Options
(Life-Cycle Assessment)
Source: (IEA, 2000, p. 83)
The CIRAIG, an academic research group, conducted a
comprehensive life-cycle assessment (2013) comparing large hydro and
associated transmission and distribution infrastructure with distributed
solar PV and wind power, which do not require transmission
infrastructure to the same extent. They also concluded that large hydro
has a lower environmental life-cycle footprint per kWh delivered to end
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users than decentralized solar PV and most decentralized wind power on
the majority of criteria6.
Environmental and social impact management are made easier
and more affordable by the sheer size and geographical “concentration”
of large hydro. Impacted areas are smaller, impacted people fewer, and
both are easier to identify than that of other energy resources (evaluated
per given amount of output). The magnitude of investments for large
hydro justifies significant portions being dedicated to environmental
management for wildlife habitat loss remediation, mercury release
prevention (i.e. methylmercury in hydro reservoirs), or other initiatives.
The investments also support sizeable benefits paid to impacted
populations or economic development programs. For example,
$300 million was invested in environmental management at La Romaine
(Emond, 2010), Hydro-Québec’s 1,550 MW hydro development project.
The Innu Nation, the local First Nation community impacted by the
project, has agreed to receive $125 million in compensation (Séguin,
2011)7. These are considerable sums that may only have been offered
because of La Romaine’s total budget of $6,500 million. Lefebvre et al.
(2010) of the GRAME, an independent non-governmental organization
which usually is a critic of Hydro-Québec’s environmental and economic
management, made the point that despite not being perfect,
environmental and social impact management of projects have greatly
improved since the 1930s, as well as since the 1970s and 1980s. They can
be effective if taken seriously by project developers(Lefebvre et al., 2010,
p. 41).
Large hydro also has social impacts on populations surrounding
development sites, in particular on First Nations. Not all impacts are
negative, however, as the local population sometimes benefits from
economic development and job creation during and after the
construction period. Caroline Desbiens published a book on the history of
northern hydropower dam development (2013) in which she recounts
6

The “largest” decentralized wind turbine included in the analysis (30 kW) was
shown to have a lower footprint than centralized large hydro on a number of
criteria according to CIRAIG’s analysis (CIRAIG, 2013, p. ix).
7 The perception of “large” is in the eye of the beholder. $125 million may seem a
lot for a nearby population of approximately 5,100. Nevertheless, the Innu Nation
has since then started to ask for the renegotiation of the agreement and for a
larger compensation (Lévesque, 2015).
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the injustices that affected impacted First Nations, in particular those
around the James Bay Region, which is by far the largest area of
hydropower development in Québec. Providing a balanced criticism of
hydropower development, Desbiens highlighted the colonialist attitude
of southern Quebecers during the development era and numerous areas
for improvement on how to negotiate with and compensate First
Nations. However, she also acknowledged the tangible benefits that were
accrued by impacted populations as a result of the projects. First Nations
near the James Bay hydropower complex have received monetary
compensation, hunter benefit programs, increased land claim
recognitions, empowerment and funding for self-governance (although
often not without a fight), as well as improved health and education
services, which were almost non-existent prior to the projects. Errors
from the past need not be repeated, and at the same time hydropower
projects have the potential to be an effective lever to stimulate economic
empowerment in First Nation communities. The life expectancy of the
populations near the James Bay hydropower complex, for instance, have
gone from 35 years in the 1940s to currently being almost at par with
that of the rest of the Québec population (Lefebvre et al., 2010, p. 40).
The main takeaways from this discussion are that all energy
resources have trade-offs and that New England environmental and
social advocates should embrace a more nuanced view on large
hydropower. New renewables and large hydropower should not be
presented as competitors, but as two sets of resources that complement
each other and may help shorten the natural gas transition period
toward a low-carbon economy.
(4) Weak climate-change mitigation policy: All of the New England states
partake in the Regional Greenhouse Gas Initiative (RGGI), a cap-and-trade
scheme that seeks to limit carbon emissions in the power sector of the
adherent states. As such, all market participants in the power sector
must either reduce carbon emissions or buy emission allowances at
regular auctions. The price paid for these allowances adds to the
production cost of the generators. Hydropower from Québec does not
have to buy such allowances as it is not considered a carbon emitter.
Carbon pricing should thereby, in theory, give hydropower from Québec
a production cost advantage over competing energy resources, allowing
Hydro-Québec Production to be dispatched more often and make a
larger profit when dispatched. As a result, in the long run, hydropower
should become the resource of choice. For example, at the current RGGI
carbon price of US$4.91 per metric ton, as per March 2015, the
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production cost of hydropower has a US$2.42/MWh edge over natural
gas generation8. For comparison, the average wholesale price in the New
England market was US$60/MWh in 2014 (HQ, 2015, p. 12); meaning the
production cost advantage of hydropower represents a mere 4% of the
average price. To understand the significance of this number, one must
look at the typical production cost of all electricity resources and
compare with or without carbon costs. For example, Frank from the
Brookings Institution (2014) demonstrated that a carbon price of $50 per
metric ton did not bridge the gap between the typical cost of hydro and
that of natural gas combined-cycle generation. Angevine et al. of the
Fraser Institute (2012, p. 24) found that a carbon price of $30 per metric
ton was just enough to bridge that gap. The discrepancy between both
authors is a result of different assumptions and methods in calculations.
However, regardless of the discrepancy, both results suggest that the
current carbon price in New England, US$4.91, exerts a weak marketforce push toward hydro over natural gas. Moreover, the current
command-and-control policies in New England designed to promote
clean energy (i.e. renewable energy portfolio standards and feed-in
tariffs) are all based on the renewable energy certificates (REC) scheme
run by the Environmental Protection Agency (EPA). Large hydropower is
not eligible for REC (EPA, 2015).
The potential contribution of large hydro to the decarbonisation
of the New England economy is thereby both undervalued by the market
and shunned by federal and state policies. Black & Veatch (2013), in a
study commissioned by NESCOE, demonstrated that the introduction of
large hydropower from Québec, factoring in the cost of new transmission
lines, would have a downward impact on electricity prices even without a
strong carbon pricing policy. If New England’s climate change policy was
to be bolstered to include a stronger carbon pricing mechanism, this
business case would further improve.

8

The clearing price as of March 13, 2015, was US$4.91 per metric tons of carbon
dioxide equivalent (RGGI, 2015). (=$5.41 per short tons / 1.10231 short ton per
metric ton) At approximately 0.493 metric ton of carbon dioxide equivalent per
MWh of electricity generated with a typical gas plant (coefficient found in
RETScreen with 40.8% efficiency and 0% line losses), the incremental cost of
natural gas generation against hydro import from Québec is therefore
US$2.42/MWh ($5.41 x 0.493), or 0.242c./kWh.

42

ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT

Volume X - 2015

PRESERVATION OF MARKET COMPETITION IN NEW ENGLAND’S
DEREGULATED MARKET
All states, with the exception of Vermont, had their electricity
sector restructured in the past twelve years. Generation was thereby
deregulated, with New Hampshire taking the lead in 2003, Rhode Island
and Massachusetts in 2006, Maine in 2008, and finally, Connecticut in
2010 (EIA, 2010). The goal of restructuration was to introduce
competition in the market which in turn would lower the wholesale price
to the marginal cost of production, increasing access to cost-competitive
private capital and improving customer service. The competitive market
ideal, in theory, maximizes social wellbeing by preventing larger market
players from using their market power to capture undue economic rent
by lifting prices above marginal cost of production. Because of New
England’s high electricity prices, achieving effective competition is a key
consideration of the ISO-NE when updating the market operation rules or
making decisions on transmission upgrades. Cramton and Ockenfels
(2012) present the New England liberalized market structure design as a
benchmark for other markets to replicate.
Hydro-Québec is already a dominant market player on the ISNE
and other neighbouring markets, and its dominance is currently only
dampened by the limitations of ISNE’s transmission network. HydroQuébec is the largest electric utility in the US and Canada. Its size,
government backing and excellent creditworthiness means it can take
more risks and endure more volatility than its competitors in all
neighbouring jurisdictions (Carr, 2010). Large market players, such as
Hydro-Québec, may exert excessive market power due to their relative
size in the supply mix because they can game the market by refraining
from bidding, waiting for price spikes, and then bidding and selling at a
higher price than marginal cost. In opening access to its market by giving
way to more transmission projects, the ISO-NE risks damaging market
competition by granting a wider entry to a market participant that is
capable of gaining excessive market power and may start influencing
price to its advantage as a result.
In a paper published by the C.D. Howe Institute, Jan Carr (2010),
former chief executive officer of the Ontario Power Authority, blamed
Hydro-Québec’s excessive market power for the poor state of interprovincial electricity trade in Eastern Canada. Carr also accused HydroQuébec of using its ability to incur more risk to capture priority access on
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transmission interties with the US, not only in Québec but also in New
Brunswick and in Ontario. In addition to this, Carr pointed out that
Hydro-Québec’s ability to store energy in its northern reservoirs and the
flexibility of hydropower9 has given it a significant competitive advantage
over most of its competitors. According to Carr, Hydro-Québec has more
control than any of its competitors on when it supplies electricity to the
exterior markets, and it can use its massive storage capacity of
175,000 GWh10 to influence prices.
New England’s competitive market was built based on a
generators’ pool, the NE-POOL, which is a power exchange system also
known as the “spot market”. Under the “Pool Model”, all generators
submit a bid to one central buyer; the NE-POOL. According to Harris
(Harris, 2006, sec. 5.4), “the pool model is the economists’ dream,
because there is an explicit production function (the generation stack)
and consumption function (the system operators’ estimate of inelastic
demand)”. Electricity dispatch is thereby mostly based on marginal
economics. This means that decisions determining which electricity
resource is to be used and when are driven by the variable production
cost of each resource. In theory, all generators bid a price matching their
variable cost of production. If the clearing price is above the price bid by
one generator, then this one generator will run its facility and supply the
grid. If the clearing price is below, then this one generator will refrain
from supplying the grid. Electricity resources with a low variable cost are
thereby naturally dispatched first, and the corresponding generating
facilities will run more often. Certain generating units (e.g. new
renewables or nuclear power) may nevertheless be treated as a “mustrun” based on annual planning – they are said to be “out of the market”.
Their dispatch is not driven by market forces but by command-andcontrol policies.
New England’s spot market was designed as a “two-settlement”
system. The purpose of a two-settlement system is to increase the
number of market participants, making the “market game” more
complex, and thereby reducing the market power of each individual
participant. The two settlements of New England’s spot market are: a
day-ahead market (DAM) and a real-time market (RTM). Buying power on
9

Hydropower can modulate with ease. Production can ramp up quickly and ramp
down just as quickly.
10 Storage capacity 175,000 GWh (HQ, 2014b)
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one day ahead rather than in real time is a way for buyers to reduce risks
thus stabilizing their costs (i.e. making them less volatile). In addition, a
market participant may secure electricity on the DAM at first, and then
re-sell on the RTM. Consequently, DAM does not fully insulate market
participants from real-time prices due to market conditions (TXPUC,
2002, p. 15; Villeneuve, 2011, p. 38).
Another common option of competitive power market design is
the “Bilateral Model”, in which generators bid to multiple buyers.
Transactions between sellers and buyers may be added until the “gate
closure”, which typically is around one hour before the dispatch hour.
After the gate is closed, the operator then becomes the monopoly buyer
and seller for that specific dispatch hour and market participants may
only engage with the operator (Harris, 2006, sec. 5.5 & 5.6). The ERCOT
market in Texas, for instance, is a power market that runs exclusively on
bilateral transactions. New England’s market is mainly built around a pool
model but also allows bilateral transactions to be made in addition to
spot market transactions. Buyers in New England can use bilateral
transactions to make forward energy contracts with sellers, through
which they can lock in a price for a longer duration, or work out a formula
with the seller to peg the price to market price in the long-term but
dampen price fluctuations in the short to medium terms. The bilateral
transactions are used as an informal forward energy market. The ability
to both strike a bilateral contract with generators or to purchase power
from a formal pool-based market is an effective arbitrage mechanism
that limits the market power of larger producers (Ausubel & Cramton,
2010, pp. 197–198).
De Frutos and Fabra (2011) note that forward contracting
approaches foster competition by reducing the market power of larger
producers, especially if larger producers are compelled to enter in
forward contracts, which leads to more efficient market outcomes.
Compelling large producers to deliver blocks of productions through
forward contracts is effective at leveling out the playing field because it
prevents them from rigging the spot market to capture an undue
economic rent.
For example, Hydro-Québec has had a long-term bilateral contract
with the largest electricity distributor in Vermont, Green Mountain
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Power (GMP)11 since 1987 (HQ, 2010). The contract was renewed in 2012
for another 26 years, until 2038. Hydro-Québec has agreed to supply
225 MW worth of baseload power through Vermont’s High-Gate intertie.
Because it was a bilateral transaction, the exact terms of the contract are
confidential and are not logged in the ISO-NE power exchanges system.
However, GMP’s and Hydro-Québec’s respective chief executive officers
did reveal that the price was to be pegged to Vermont’s spot market
price and that the contract included a mechanism that would dampen
price volatility, which benefits both parties (HQ, 2010). In signing the
deal, Vermont sought to anticipate and reduce the impact of the
retirement of Vermont Yankee, a 604 MW nuclear plant, which was
scheduled to cease operation in 201212. In March 2015 at the Power
from the North conference in Burlington, the Governor of Vermont, Peter
Shumlin, congratulated his predecessor for supporting the agreement
and suggested that the agreement had allowed the state to dodge
electricity price volatility experienced by other New Englanders such as
New Hampshire, and to pursue vigorous policies promoting decentralized
renewable energy generation by using Québec’s hydropower as a backup
(Couillard & Shumlin, 2015).
New England also has a formal “forward capacity market” (FCM)
(FSC, 2014, p. 29). Since it is a thermal-dominated market, New England
has to build an adequate amount of standing generation capacity to
sustain the worst peak demand (typically the worst peak in a given
number of years). New England’s FCM was created with coordinating
investment in infrastructure to ensure that power can be produced when
it will be needed most and at the same time avoid “boom-and-bust”
cycles in the power plant construction industry. The FCM reduces
uncertainty with regard to achieving the level of capacity to meet load
growth. The FCM is also said to “restore the missing money” in the
electricity market. Money is said to be missing in electricity markets
because of insufficient spot market prices due to operator or government
actions during scarcity13, or because of command-and-control policies

11

The original contract was with Central Vermont Public Service (CVPS) and
Green Mountain Power (GMP). CVPS, however, was absorbed by GMP in 2012
(PSB, 2012).
12 Vermont Yankee was actually shut down in December 2014 (ISO-NE, 2014a).
13 Example: the risk that the operator (and/or legislator) will put a ceiling on
electricity prices to avoid a political backlash.

46

ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT

Volume X - 2015

(Ausubel & Cramton, 2010, p. 196) such as feed-in tariffs and renewable
energy portfolio standards.
Consequently, if ignoring all other political and social well-being
considerations, the ideal profit-maximizing outcome for Hydro-Québec
would be for New England to agree on building new transmission
capacity and essentially allow Hydro-Québec to bid on its spot market
unchallenged. From a market efficiency standpoint, however, New
Englanders should conditionally allow greater access to Hydro-Québec,
entering into either a forward capacity or forward bilateral energy
contract rather than simply allowing Hydro-Québec access to its
generators’ pool.
CONCLUSION
Québec and New England already have a history of electricity
trade. While market integration has slowed down for the past few years,
it is poised to resume because policy drivers are aligning; Québec has a
surplus to sell, and New England has a shortfall. New England has been
shunning large hydropower for a number of years, but the policy
landscape is shifting. Social acceptability will remain a challenge for New
England, however, political support for hydropower import has reached a
critical mass recently.
In opening access to its market, New England should exert caution
to preserve its competitive market environment. Québec is unlikely to
liberalize its electricity market in the foreseeable future. The most likely
transition scenario toward a competitive market in Québec is a slow
incremental evolution. New England must thereby explore forward
contracting approaches to keep Hydro-Québec market power under
control. The Vermont-Québec agreement, a bilateral 26-year supply
contract signed in 2010, would be an example to replicate. Hydro-Québec
is likely to be amenable to this approach because a trade deal that yields
a lower level of profit is still better than no deal.
This is a policy landscape that is evolving quickly. On February 25,
2015, a number of large distribution companies from Connecticut,
Massachusetts and Rhode Island published a draft notice of request for
proposals for clean energy and transmission. The initiative was supported
by NESCOE. The wording used in the draft notice would allow market
participants to propose new transmission projects capable of carrying
more power from Québec (Connecticut Energy and Environment,
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Nationalgrid, Unitil, & Eversource, 2015). Successful bidders in the future
tender would enter in a power purchase agreement (a form of bilateral
contract) with one or many of the distribution companies. The
distribution companies have received comments on the draft notice
through March 30 and are now deliberating on whether to move forward
with a formal tender.
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INTRODUCTION
Voluntary carbon offsets (VCOs) are seen as an attractive option
for consumers to ensure a degree of ecological sustainability when
consuming fossil fuels. In lieu of rigorous governmental regulation on
carbon emissions in the form of taxes or cap-and-trade regimes, VCO
programs have been implemented in certain sectors, such as the airline
industry, with varying degrees of success. This paper analyzes how
transferable VCO payment regimes would function at standard gasoline
stations – a venue with high levels of public engagement and where the
linkage between consumption and greenhouse gas (GHG) emissions is
clear. The underlying assumption is that, given the high degree of contact
consumers have with their vehicles and these stations, providing them
with the option to offset their transportation emissions at the gas pump
could yield a fairly high level of engagement and buy-in. A contemporary
example of a gas station-based VCO payment program in the United
States (US) demonstrates the feasibility of such an approach. Using
statistics and studies from the airline industry, this paper demonstrates
the economic, social and ecological feasibility of implementing effective
VCO programs, arguing that locally developed VCO projects could
maximize participation, ensure quality offsets and lead to overall
emissions reductions.
This paper is divided into four parts. Part I is a discussion about
carbon offsets, what they are and what defines a strong offset. Part II is
an exploration of VCOs of the aviation sector, including an analysis of the
types of consumers who typically buy offsets, their rationales and the
successes of these programs. Part III assesses the current potential of
VCOs in the personal transport sector in Ontario, Canada. Market and
government driven challenges are examined to illustrate how the uptake
of VCOs at gas stations could be affected by price fluctuations and carbon
taxation. Part IV proposes an alternative model for funding local
sustainability initiatives by engaging consumers as they purchase fuel.
Referred to as ‘carbon crowdfunding,’ VCO purchases can be funneled
toward local community initiatives with the ultimate goal of improving
urban sustainability.
PART I: THE CONTEMPORARY CONTEXT OF CARBON OFFSETTING
Greenhouse gas emissions (GHGs) constitute a negative
externality of the current economic system, which traditionally has not
accounted for their impact on the global environment. To account for
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these environmental impacts and the associated costs of counteracting
the effects of GHGs, a price can be placed on emissions. This price
represents the perceived costs of reducing emissions by an equivalent
amount to what was emitted. The values of the resulting carbon offsets
vary considerably depending on their form, quality, where an offsetting
project takes place and the demand for offsets within the global market.
A number of strategies can be deployed to reduce overall GHG
emissions. Carbon taxes and cap-and-trade regimes are regulatory
instruments designed to lower fossil fuel consumption (these are
discussed further in Part III). Environmentally-conscious individuals and
firms can adopt measures to reduce their carbon footprint, including:
changes in behavior and practices, such as driving or flying less;
purchasing energy efficient appliances; retrofitting buildings; and
purchasing energy from renewable sources (David Suzuki Foundation &
Pembina Institute, 2009). VCOs have also become popular tools for
individuals and businesses, whereby a purchaser pays another party to
create GHG reductions on their behalf (ibid). The goal of this form of
‘carbon financing’ is to make sustainable development initiatives costeffective (Schmidt, 2009).
Several types of voluntary offsets can be purchased each with
varying degrees of credibility (Mair, 2011). Emission Unit Allowances are
traded in the EU Emission Trading Scheme’s carbon market (ibid).
Certified Emission Reductions act as carbon credits created by project
activities, similar to the UNFCCC’s Clean Development Mechanism (an
emissions reduction scheme). Certified Emission Reductions fund
emission reduction or removal projects in the developing world that earn
certified emissions credits measured in tonnes of CO2 (tCO2) equivalent
(UNFCCC, 1998). These offsets in particular have been identified as
having fairly high credibility due to the fact they are issued through the
UNFCCC. Verified Emission Reductions are third party-validated emission
reductions and constitute the majority of VCOs (Mair, 2011). The value of
the global VCO market was estimated at $379 million in 2013 (Forest
Trends' Ecosystem Marketplace, 2014).
Not all offsetting programs are equivalent. As a 2009 report from
the David Suzuki Foundation & Pembina Institute argues, several criteria
can be used to evaluate the quality of an offset. Of the considerations
outlined in the David Suzuki Foundation report, additionality,
permanence, unique ownership and timing are viewed as highly
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important in establishing whether a project is indeed contributing to an
overall reduction in a buyer’s emissions.

Additionality evaluates whether the reductions resulting from an
initiative would have occurred without financing from offsets. For
example, a company which attempts to sell offsets for energy efficient
equipment purchased to produce a new product would not be
considered additional since the decision to acquire the equipment was
made independently of the emissions reductions (David Suzuki
Foundation & Pembina Institute, 2009). Permanence reflects a project’s
resiliency. The volatility of a reforestation offset, for instance, is
considered high because the offset is susceptible to deforestation,
drought or fire, thereby running the risk of the offset being rendered null.
By contrast, a renewable energy or energy efficiency project, where the
net reduction is absolute, would have a higher degree of permanence.
The time it takes for an offset to be implemented is also an important
factor since a considerable lag between purchase and deployment
increases the risk of a reduction not being achieved or being out of sync
with the emissions they were intended to offset (ibid). Establishing
unique ownership of a given offset is also important since doublecounting can occur if an offset vendor does not accurately account for
the offsets purchased and therefore diluting the net benefit of an offset
(ibid).
Offset pricing varies greatly depending on the vendor of the
offset, project type and fluctuations within the market (ibid). Although
higher quality offsets (eg. large scale wind and solar projects) are typically
more expensive, quality and price are not strongly correlated (ibid). To
better explore the application and demand for offsets, Part II examines
the aviation industry - a sector where VCOs have been used for some
time.
PART II: CARBON OFFSETS IN THE AVIATION INDUSTRY
To illustrate the potential of VCO applications in personal
transportation, the successes and challenges of VCO deployment in the
aviation industry are discussed in this section. The aviation sector was
selected primarily due to the higher degree of penetration of VCO
options relative to the personal transport sector (despite the fact
personal vehicles are used more frequently for travel with lower costs on
a per-trip basis). Aviation represents the most emissions-intensive form
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of transportation for individual passengers, contributing roughly 1.9% of
global anthropogenic emissions. Carbon offsets present a great
opportunity to reduce emissions intensity, particularly due to the relative
inflexibility of existing aviation technology (Ottelin, Heinonen, & Junnila,
2014). While a cap-and-trade system currently exists for flights within the
European Union, no such system is being employed in the aviation
industry in North America or for intercontinental air travel. To bridge this
gap, voluntary offsets have been offered to passengers over the last
decade to reduce their environmental impact. The system, however, has
experienced mixed results, which are described in further detail in the
following sections.
Lack of Transparency Surrounding Offset Projects
The major criticisms of the aviation industry’s offsetting
practices relate directly to the key criteria outlined in Part I. A lack of
transparency in offsetting regimes has been cited as a chief concern for
airlines as customers have been left confused by over-simplistic,
ambiguous and inconsistent emission calculators, diverse validation and
verification schemes, and issues surrounding the permanence of GHG
reductions, particularly with carbon sequestration programs (eg.
reforestation) (McLennon et al, 2014; Mair, 2011). Potential VCO
purchasers want to understand where and how their offsets are being
utilized in addition to gaining a better understanding of how the cost of
the offset was calculated. Several studies surrounding transparency have
established that the type of offset project often influences customer
willingness to pay (WTP), with many consumers favouring renewable
energy projects in developing countries (Choi & Ritchie, 2014).
Collectively, these factors have contributed to a relatively low VCO
participation rate of only 2-10%, occupied by a niche group of fliers (Mair,
2011). The following two sections analyze the type of consumers who
typically choose to participate and their rationales for involvement.
VCO Consumer Profile
For customers who participate in VCOs, a number of factors
influence their decision to do so. Mair (2011) found that the profile of
those who often pay for VCOs are male, younger (in their 30’s) with
slightly higher levels of education. Non-purchases were typically older
with a near-even split between genders. The results of Mair’s analysis
suggest that most VCO-purchasers hold ‘eco-centric’ worldviews
characterized by pro-environment attitutes compared to anthropocentric
58
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groups. This representation alone, however, is not necssarily indicative of
all consumers’ WTP for VCOs and a lack of consensus exists across
academic literature. Mair cites other studies which suggest that older
female passengers are more likely to exhibit pro-environmental
behaviour. Choi & Ritchie’s (2014) Australian study also observed this
reversal in the gender profile, with more females participating than
males in a similar age bracket. Region-specific factors and associated
knowledge of climate change also impacted WTP for VCOs; citizens from
the UK (6% participation rate) and Europe (5% participation rate), where
public discourse, social marketing and media coverage pertaining to
climate change mitigation is higher, typically have higher rates of VCO
participation compared to travellers from Asian countries (1%
participation rate) (McLennan et al, 2014).
Participant Rationale
The rationale for purchasing offsets has largely been attributed
to a sense of moral obligation and responsibility to compensate for the
individual’s contribution to climate change (Mair, 2011). Choi & Ritchie’s
(2014) study argues that key motivators for offsetting behaviours, include
awareness, trust and peer pressure. Conversely, a lack of understanding
of how paying extra results in an environmental benefit and how VCOs
work, are some reasons why consumers have not participated (ibid). A
further consideration is convenience, with many participants citing the
ease of offsetting selection and clarity of online pricing and payment
procedures as factors potentially resulting in the low participation rate
(ibid). The subsequent section is a further discussion of customer WTP, a
key metric would could guide VCO pricing in the personal transport
sector.
Willingness to Pay for VCOs
Choi & Ritchie (2014) found that nearly 73% of respondents
agreed that their flights contributed to climate change and 44%
expressed support for carbon pricing policies. A considerable portion
(39%) also stated their intention to purchase VCOs. The study estimated
that the mean WTP for carbon reduction is roughly AU$21 ($20 CAN) per
person per tCO2e reduced; however, these estimates varied significantly
among survey participants depending on their backgrounds and countries
of origin. Part of the observed variability was attributed to differing
perceptions of who should be responsible for aviation carbon emissions,
which can result in a lower WTP. Respondents commonly expressed the
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view that airlines should be responsible for offsetting emissions.
Participation of other passengers has been cited as a contributing factor
to individual WTP; ‘free riders’ (ie. those that do not participate in VCOs)
tend to negatively influence the WTP of other passengers (Brouwer et al,
2008). Another study by Brouwer et al (2008) estimated passengers’ WTP
at 25 € ($33 CAN) per tCO2e, although once again, some variation in
average WTP was dependent on passenger origin. Europeans had an
average WTP per km travelled of 0.010 €, while North Americans had an
average WTP of 0.004 € per km and Asian passengers had an average
WTP of 0.006 € per km. As the average market price was 12 € per tCO2e
at the time of the study, the authors concluded that a significant market
opportunity existed for carbon offsets owing to the discrepancy between
the relatively low market price and customer WTP.
Discussion of VCO Findings in the Aviation Sector
The analysis of the VCOs in the aviation industry has yielded some
relevant conclusions on the replicability of aviation industry VCOs in the
personal transport sector. The characteristic profile of the average VCO
purchaser is a younger, educated, eco-centric individual who feels
obligated to mitigate their personal contributions to climate change.
International renewable energy projects are the preferred offset
initiative. The purchasing process must be made convenient and
transparent with consistent emissions calculations in order to foster a
sense of trust among potential purchasers. Finally, the academic
literature suggests that the lower average WTP for VCOs is currently
around $20 per tCO2e, although this figure varies dependent on the
passenger’s country of origin and worldview.
Drawing on these conclusions, the following sections will explore
the implementation of VCOs into the personal transportation sector in
Ontario, Canada – comprising over one third of Canada’s population and
the nation’s light vehicles (LV)14 (Statistics Canada, 2015).
PART III: POTENTIAL OF VCOS AT THE PUMP
Despite acknowledgement of the climate impacts of current
consumption practices, the rollout of progressive GHG reduction

14
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strategies in Canada has been sluggish in many sectors. Recent increases
in national fuel efficiency standards have been heralded as a step in the
right direction; however, with a total of 1.8 million cars sold in 2014 and
the average lifespan of 9.8 years Canada’s 23 million LVs, transitioning all
Canadian vehicles to greater fuel efficiency will take years (CBC News,
2015; Statistics Canada, 2015; Sturgeon, 2014). While these heightened
standards will likely play a role in reducing emissions from LVs, further
action is needed to mitigate the climate impact from a sector
representing 56% of Canada’s total transportation emissions
(Environment Canada, 2013, p. 23).
As of 2008, the average annual distance travelled by LVs in
Ontario was roughly 16,000 km (NRCan, 2010). With an average fuel
consumption rate of 10.5 litres per 100 kilometres, the average motorist
consumes 1,680 litres of gasoline per vehicle per year (equivalent to 10.6
barrels of oil). As 2.3kg of CO2 is emitted per litre, average annual
emissions per vehicle amount to 3,864 kg (3.9 tonnes) of CO2 (NRCan,
2014). VCOs could play a role in helping to reduce the overall
contribution of the LDV sector of Ontario’s emissions profile.
VCO at Gas Stations: Propel Fuels Case Study
VCOs in the automotive sector are not necessarily a new concept;
mobile applications such as DriveLite, and countless VCO vendors already
offer online offsetting options (Ingram, 2012). However, point of sale
offsetting programs at gas stations are extremely limited. One of the few
examples of a point of sale VCO platform in North America is Propel
Fuels, a company based in Redwood City, California, which offers a range
of ‘green diesel’ and biofuel options. Partnering with CarbonFund, a nonprofit organization, they became the first company in the United States
to offer carbon offsets available at the pump (Propel Fuels, 2012).
Propel’s offset charge is $1.00 per fill-up, which is roughly equivalent to
$6.8 per tCO2e15 for a 2015 Toyota Camry, the top selling car in the US
(Stern, 2015). Additionally, Propel offers an online tracking platform
called ‘CleanDrive’ to track and share the positive impacts of consumer
choices along with prize incentives for participation. The funds go
“directly [to] clean air projects that reduce carbon emissions right from
the pump” (Propel Fuels, 2015). The CarbonFund website specifies that
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the offsetting projects conform to a number of international certification
standards including the UNFCCC’s Clean Development Mechanism
(CarbonFund.org, 2015). CarbonFund supports a variety of projects
across numerous countries, not unlike other VCO vendors; however,
many of Propel’s offset contributions have targeted truck stop
electrification projects across the US (CarbonFund.org, 2011).
The partnership’s initial two-month VCO pilot project was
launched in 2012. During this time, customers opted for the offset over
1,000 times, offsetting more than 160,000 pounds of CO2e at a single
station (CarbonFund.org, 2012). CarbonFund estimates that over a fiveyear period, 5 million pounds (2,267 metric tonnes) of CO2 could be
offset from one station alone. Propel attributes the convenience and
ease of offsetting as a key factor behind the success of their VCO
program (Propel Fuels, 2015). Despite promising gross offsets,
participation rates suggested a relatively low level of engagement with an
average of only 17 instances per day. Unfortunately, limited information
exists concerning VCO projects beyond Propel’s pilot project, but the
results indicate that some demand for offsets exists in the LV market
when offered in a gas station environment. Although conceptually simple
for the customer, the $1.00 per fill-up value is an ambiguous price for
offsets, particularly given the variability of gas tank sizes and fuel
consumption efficiencies. Additionally, a fixed price cannot foster
awareness of the proportional impacts of consumption or the scale of a
consumer’s emissions.
Overall, Propel was able to engage eco-centric customers in their
VCO program; however, the relatively small adoption rate illustrates that
greater study of methods for consumer engagement in emissions
reduction programs in the personal transportation sector is needed.
Volatility of global oil prices and the increasing adoption of carbon pricing
mechanisms around the world are also disrupting the widespread
deployment and success of VCO initiatives. The following section analyzes
these scenarios to explore how VCO programs in the automotive sector
could be impacted by market conditions.
The Elasticity of VCOs
Gasoline is widely considered to be an inelastic good due to its
pervasive use and necessity to most societies, as demonstrated by the
weak influence of short-term daily price fluctuations on the quantity
consumers typically purchase (Council for Economic Education, 2015).
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Prolonged periods of high fuel costs, however, can prompt certain
demographics to alter their consumption behaviours in order to reduce
expenses in the long term. The high gasoline prices observed from the
mid-2000s to 2014 caused sales of fuel-intensive vehicles to plummet
and increased support for more efficient technologies and transportation
options (including public transit) (The Strategic Counsel, 2008).
Choi & Ritchie (2014) and Brouwer (2008) argue the market for
VCOs is fairly elastic due to the broad range of consumers’ WTP. In other
words, if the price of a VCO were to increase, the reductions in overall
demand will likely be larger than that of an inelastic product such as
gasoline. In the absence of data concerning the elasticity of VCOs, it can
be inferred that, all things being equal, an increase in price for gasoline
would negatively impact the demand for VCOs. Furthermore, persistent
elevated gasoline prices would theoretically cause VCO participation
rates to suffer, since offsets are perceived as non-essential services,
particularly among marginal gasoline consumers. Since high gas prices do
influence consumption behaviour (and thus emissions) in the long term,
urban marginal consumers may choose to adopt alternative
transportation options, such as public transit (The Strategic Counsel,
2008). This scenario presents a problem for the widespread
implementation of VCOs since fluctuations in the oil market could lead to
reductions in the funding for carbon offsetting projects that depend upon
gasoline-sourced VCOs.
As implied by Mair (2011), despite market fluctuations, more
resilient eco-centric individuals may choose to buy VCOs regardless of
fuel prices due to desire to reduce their carbon footprint. These
consumers are, however, a minority in the market relative to their
marginal counterparts who typically opt not to purchase offsets when
costs for fuel are high. In addition to the natural fluctuations of the oil
market, the impact of a carbon tax and cap-and-trade regimes may also
serve to disrupt the success of service station-based VCOs.
VCOs Under Carbon Tax and Cap-and-trade Regimes
Cap-and-trade initiatives and carbon taxes are regulatory
instruments implemented to reduce GHG emissions in certain sectors.
Cap-and-trade initiatives place firm limits on the quantity of GHG
emissions a particular sector, industry or activity may emit (without
requiring the purchase of allowances), resulting in a supply cap. A carbon
tax, on the other hand imposes an additional cost on the purchase of
ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT

63

Volume X - 2015

goods or services which emit GHGs and channels the revenue generated
towards government programs or reductions in other taxes. Similar to a
VCO program, the objective of both regimes is to decrease GHG-emitting
activities and incentivize a transition toward less polluting technologies.
The following discussion concerns the effects of British Columbia’s (BC)
carbon taxes as a case study.
The BC Carbon Tax
BC was the first jurisdiction in North America to institute a carbon
tax as part of their strategy to reduce emissions. The tax was progressive,
beginning with a price of $10 per tCO2e and increasing by five dollars
every year until it reached $30 per tCO2e in 2012 (ie. approximately 7
cents per litre of gasoline) (Sustainable Prosperity, 2013). According to a
report by Sustainable Prosperity (2013), fossil fuel consumption in the
province fell by 17.4% from 2008 (when the carbon tax was instituted) to
the end of 2012 with little evidence of adverse impacts on the economy.
The drop in consumption resulted in a 10% reduction in GHG emissions
per capita from the sources subject to the BC carbon tax over that timeperiod (ibid). The tax is revenue neutral, meaning that any revenues
accrued are reallocated to reduce other provincial taxes (mainly income
taxes for individuals and corporations) thus preventing a net tax increase
(ibid). Despite clear environmental benefits, one criticism of the carbon
tax is its failure to direct tax revenue towards additional sustainabilityoriented projects or infrastructure, such as public transit improvements,
which would drive further emissions reductions (CBC News, 2013).
In BC’s market, where the carbon tax does not directly fund GHG
reduction initiatives, VCOs could play an important role in accelerating
mitigation efforts. The GHG reductions associated with BC’s carbon tax
achieve cutbacks in vehicular use or technology improvements but
cannot fully neutralize the actual emissions produced by consumers in
the way that an appropriately-priced VCO program could. However, the
implementation of a VCO option would represent a net price increase,
which could be viewed as a redundant tax on consumers since BC’s
gasoline is already taxed for environmental purposes. Even among the
niche eco-centric consumers, the presence of the BC carbon tax could
decrease peoples’ WTP for offsets relative to markets where no
mechanism discouraging fossil fuel consumption exists.
PART IV: A PROPOSAL FOR MUNICIPAL VCOS
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This paper has explored the intricate landscape of VCOs from a
broad perspective, taking into consideration not only the market
potential for offsets in the personal transportation sector but also the
impacts of global market trends, taxation and progressive climate change
policies on their future popularity. The analysis of these elements
suggests that considerable potential exists for VCOs in applications
beyond aviation transportation.
This final section is a proposal for a municipal revenue generation
initiative to be used to fund sustainability projects that would not
otherwise have been built. The model has been developed with the
objective of maximizing social benefit by ensuring community
involvement in the selection and development of urban carbon offsetting
initiatives funded by locally-purchased VCOs.

Carbon Crowdfunding
The challenge of generating sufficient financial and public
support for new services and infrastructure remains a persistent issue for
many municipalities, particularly in the current economic climate. The
rejection of tax levies, a decline in funding from provincial and federal
governments and growing public support for austerity and ‘lean
government’ has rendered ‘non-essential’ community and sustainability
initiatives increasingly underfunded (Fanelli, 2014). For example, the
rejection of proposed tax hikes in Vancouver’s spring 2015 transit
referendum, demonstrated significant lack of will amongst taxpayers to
pay for essential public transit expansion (Johnson, 2015).
In the face of such austerity ‘crowdfunding’ has become a popular
tool for backing important community initiatives. Crowdfunding can be
viewed as an evolution of conventional fundraising which employs social
media to connect likeminded individuals with the products, services or
ideas which appeal to them. Instantaneous status updates provide
project ‘backers’ with an intimate understanding of the progress of a
projects’ goals and ‘rewards’, such as early access to products, which
incentivizes participation. Not only have such platforms been used to
help fund the development of consumer products, they have also
generated funding for social and environmental initiatives in undersupported communities.
Often

viewed

as

a

form

of

public-private
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crowdfunding has helped to revitalize Detroit’s vacant suburbs (Agrell,
2012), fund community composting programs in Queens, NY (Coren,
2012) and engage youth in community development projects (In Our
Backyards, 2011). These projects exemplify how social media-driven
fundraising is enabling community development in a period of municipal
inaction and fiscal austerity. While crowdfunding does show promise for
financing smaller ecologically-oriented projects, municipal governments
remain the optimal partner for ensuring the success of larger, more
ambitious green initiatives that may not otherwise be built. As concerns
over climate change and urban sustainability grow and municipalities are
increasingly criticized for a lack of community consultation on large-scale
projects, a model for sustainable development which maximizes the
social benefit of initiatives for cities and their citizens is needed. VCOs,
when employed by municipalities as an effective policy instrument, have
the capacity to reduce the impacts of urban development, engage
communities and contribute to a sustainable future for Canadian cities.
Due to the localized nature of the model, VCOs cease to be
viewed as intangible offsets and instead becoming a source of pride for
municipalities as beacons of sustainability. Moreover, purchasers may be
more likely to perceive these projects as an investment in the
community, representing a service beyond an ‘environmental pardon’,
which could boost participation beyond the 2-10% threshold observed by
Mair (2011). The following sections will propose how VCOs could be
applied as an enhanced form of ‘carbon crowdfunding.’
Funding from the Pump
As Propel Fuels’ (2012) pilot project established, demand exists
for gasoline emissions offsets and offering consumers the convenience of
purchasing these offsets at the point of sale proved to be a feasible
model. Introducing an additional step in this process which asks
consumers if they wish to offset their emissions by helping to fund a local
community project at a cents/litre rate (i.e. 4.6 cents per litre which is
equivalent to $20 per tCO2e), would help engage, incentivize and reduce
the ambiguity and confusion experienced by consumers in the airline
industry. Developing easy to understand prompts, reasonable pricing and
displaying a project description (i.e. St Mary’s Solar Roof Project, or
Wellington West Electric Charging Station) alongside the fundraising
progress (i.e. “2000 tonnes of CO2 to go!”) would help to reassure the
customer they are contributing to a tangible, local project with
achievable goals. Over time, a customer could build a relationship with a
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ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT

Volume X - 2015

particular project that interests them – an aspect unique to a localized
VCO model.
To establish this model, the municipality would first need to
request that fuel companies operating within the city alter their point of
sale systems to offer an additional offsetting option at the time of
purchase. While the shift in point of sale procedure could be seen as a
nuisance to the fuel company, this form of charitable donation is not
atypical; many charities such as the Red Cross and the United Way
partner with companies to request donations at the point of sale. The
benefit for partner fuel companies is twofold; the VCO option would
improve their environmental reputation and the direction of funds to an
outside VCO organization would constitute a relatively low financial
commitment or risk to the firm. This aspect of the purchase would be
enhanced through advertising the selected project and community
engagement using social media, radio and television to bolster support
over the course of a project’s crowdfunding period. Promoting the
financing process as an open and transparent social activity addresses
another lesson from aviation VCOs; that peer pressure and awareness of
where contributions are being directed can lead to higher levels of
engagement. Emphasizing the collective benefit of project development
can also attract buy-in from individuals outside the demographic profile
identified by Mair (2011). Even though an emphasis on local projects is
key to earning public support, ensuring that selected projects maintain a
high standard for offset quality is equally important.
Project Selection
Neutralizing vehicle emissions through robust and effective
offset projects is critical to maximizing the social and environmental
benefits of the VCO model of crowdfunding. Preference should be given
to projects that demonstrate a clear focus on additionality and
permanence. Project challenges concerning ‘leakage’ or a rebound effect
(ie. where consumers displace their GHG emitting activities elsewhere)
should be mitigated through stakeholder outreach and education,
particularly where building retrofit projects are concerned. Urban
renewable energy generation and energy efficiency projects should be
prioritized along with the development of green energy infrastructure
(eg. electric charging stations). Such projects could include rooftop solar
installations on public buildings, such as schools, municipally-based small
hydro projects or window and insulation replacement in aging
community centres.
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Ongoing accounting and auditing must be ensured to prevent
double counting of offsets while ownership and tracking are supported to
guarantee effectiveness and public confidence. To achieve this result,
local third party validation, verification and certification would be
required. The lag time between the offset purchase and offset reduction
implementation, which can sometimes take years, could be mitigated
through municipal support for the VCO model and general proximity that
a locally-funded project would have. While these criteria could result in
increased costs to projects, they also lend legitimacy to the program from
the public’s perspective and encourage ongoing engagement in future
initiatives.
Community and stakeholder consultation should be considered
a top priority with opportunities for community members to submit
proposals for funding initiatives. To safeguard against the potential for
NIMBYism and fear of rising property taxes, town hall meetings, annual
reports and a strong social media presence could aid in educating the
public; building transparency and trust, and ultimately earning the social
license required for project development.
An independent organization should be created to lead the
carbon crowdfunding initiative, manage the program, handle the
collection of funds in a transparent and open manner, and deliver
projects through a timely, organized approach. They would work closely
with the municipality and other stakeholders in order to ensure
accountability with clear goals, mandates and ethics. The quality of the
services they provide to the community and environment must be
monitored and reviewed constantly, including a critical examinations of
offset quality. Lastly, the organization must operate as a non-profit,
which would ensure that social benefit is prioritized over profit and
would allow donors to receive tax benefits. As discussed by Noble &
Wixley (2014), building the organization as a local charity could also
bolster support from the public as smaller, community-oriented
charitable organizations are often viewed as more trustworthy and
preferred recipients of donations over larger charities. This support could
also serve to boost participation rates in VCO initiatives if local charities
are recognized as the primary beneficiaries.
Pricing of Carbon and Potential Revenues
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Although rigorous provincial or federal carbon taxes and capand-trade regimes have the potential to impact WTP for an offset under
such a model, the multiple levels of incentives that go beyond just
climate mitigation and the guilt of consumption may act to increase WTP
and overall participation levels. At this time, the low average WTP of $20
per tCO2e, suggested by Choi & Ritchie (2014) could act as an appropriate
starting point. For the average Ontarian, assuming full compliance, this
would cost them $78 per year. While this amount could appear small,
when put into perspective, the potential is clear. The Ottawa area has
over 515,000 vehicles registered (City of Ottawa, 2011). With only a 5%
participation rate, the yearly revenues at a carbon price of $20 per tCO2e,
would result in over $2 million being raised to offset over 25,000
vehicles’ emissions. This is significant and could dramatically change the
sustainability landscape for communities and cities in Canada.
CONCLUSION
This research paper has provided an overview of the complex
realities associated with VCOs implementation in the personal
transportation sector and identified necessary best practices required to
ensure offsets result in long-term reductions in GHGs. In doing so, the
motivating factors for VCO purchasers and applicable weaknesses of
existing programs within the aviation sector were addressed, which
illustrated the significant potential for improvement within the
international VCO system. Collectively, the assessment of these features
of contemporary VCOs has suggested methods to increase participation
and overall ecological benefit. When applied to the personal transport
sector, ordinary citizens can be better engaged and aware of the impacts
they have on the planet thereby facilitating greater reductions in overall
emissions.
The case study of Propel Fuels demonstrates that the
implementation of gas station-based VCO programs is feasible, but
greater engagement and education are required for broader uptake.
Carbon crowdfunding is seen as a potential strategy for increasing VCO
utilization in the absence or in addition to existing carbon pricing
mechanisms. By framing an offsetting program as a local community
building and urban sustainability opportunity, additional consumers may
be drawn to participate in the project. Carbon crowdfunding also
presents an entirely new model for community engagement by elevating
citizens to equal partners in project development and implementation,
leading to a robust social license for sustainable urban development.
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Ultimately by addressing the shortcomings of the globalized VCO system
and applying best practices in a more local, grass-roots context, social
and environmental benefits can be maximized as individuals more
actively participate and drive our cities toward a more sustainable future.
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SECTION 1.0: INTRODUCTION TO BARRIERS IN CLIMATE CHANGE
Earth’s temperature and climate have always naturally
fluctuated over the course of millions of years. However, starting with
industrialization in the 19th century, the pace of climate change has
unequivocally begun to accelerate alongside the exponential increase in
anthropocentric greenhouse gas (GHG) emissions (APA, 2009). According
to data released by the Japan Meteorological Agency (JMA), 2014 was
the hottest year on record; the average annual temperature was 0.27°C
above the average for the 20th century (Kahn & Climate Central, 2015).
The surface of the Earth has progressively been warming over the last
three decades. Since the first decade of the 21st century, adaptation to
climate change has been part of the contemporary discourse. Policy
debates surrounding the appropriate response from humanity tend to
focus solely on politics and economics. Despite aggressive efforts to
engage citizens to act and support adaptation principles, changing their
social-ecological outlooks in response to climate change proves to be a
tiring challenge. Concerns regarding protection of the environment and
sustainability are not translating into actions that can alleviate these
issues. Collectively, humanity remains attached to destructive
behavioural patterns which continue to produce detrimental quantities
of GHG.
In his 2006 State of Union address, President George W. Bush
declared that the US is “addicted to oil” (Suranovic, 2013). Although
technological and economic activities may be the direct cause of
increased GHG emissions, cultural norms and societal institutions guide
the development and sustain the operation of these activities (Hoffman,
2011). For many, climate change is an evolutionary “novel” risk (van der
Linden, 2015). It is largely a slow and cumulative process that many
citizens do not encounter directly. Yet humans are the ones that are the
drivers of, are affected by, and have the capacity to respond to climate
change. The natural variance in human perception means that there are
different interpretations of climate change resulting in subjective
assessments of these threats. Consequently, the majority of humanity’s
perception and judgment of climate change lacks the urgency it
desperately requires. In order to overcome this hurdle, this paper
proposes that a sociological approach to combating climate change is
necessary. More specifically, it argues that social dimensions will grant
valuable contributions to effective climate change communication and
will begin with several explanations for why a sociological approach is
warranted. Section 3.0 provides an overview of ‘values,’ the foundation
76

ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT

Volume X - 2015

of what guides our actions. The subsequent sections deliver an in-depth
look four social ‘meta-domains’. ‘Worldviews’ proposes two dominant
value orientations that guide individual responses to climate change:
‘hierarchical-individualistic’ and ‘egalitarianism-communitarian’ (Adger et
al., 2009; Kahan et al., 2011). ‘Cultural impacts’ due to climate related
events are often undervalued and exacerbated; therefore, Section 3.2
comparatively analyzes two South Pacific Island communities to
demonstrate how different cultural norms will result in different
responses to climate change. ‘Reception of knowledge’, examines how
individuals receive and process information about climate change. More
precisely, it explores why climate change communication requires more
than just a clearer presentation of scientific jargon. The last and arguably
most important meta-domain, the ‘perception of risk,’ is closely linked to
each of the aforementioned values. Depending on an individual’s
assessment of risk, pro-environmental actions can be either encouraged
or constrained. Section 4.0 then discusses the implications of the social
dimensions posited in this paper through analysis of current climate
change communication strategies, emphasizing sociology’s potential
contributions.
SECTION 2.0: WHY A SOCIOLOGICAL APPROACH?
Traditionally, the majority of literature and policy reasons that
behavioural deficits are structural in origin stemming predominantly from
ecological or physical, economical, and technical circumstances (Adger et
al., 2009). These dimensions are quantifiable, offer analytical
functionality, and are, therefore, attractive and conventional for
policymakers (Adger et al., 2009). For example, low-income households
are usually prevented from purchasing solar panels and residing in rural
areas typically results in a lack of public transportation. Nevertheless, the
absolute and objective nature of these limits fails to explain why those
who are not restricted still do not actively pursue pro-environmental
choices (Adger et al., 2009). For the majority of the population, climate
change is an abstract and complex topic. It encompasses more than just
simple changes in weather patterns; it involves changes in the
atmosphere, hydrosphere, cryosphere and biosphere (APA, 2009). As
such, it is often presumed that scientific and numeric literacy is a
prerequisite for proper evaluation. Without this literacy, it seemingly
becomes difficult to distinguish legitimate skepticism from radical
skepticism (Pidgeon & Fischhoff, 2011). Moreover, the global scale and
the timeline involved makes it difficult for people to conceptualize and
process climate change appropriately (van der Linden, 2015). As part of
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our survival instincts, we are preconditioned to identify change, enabling
us to detect trends and recognize fluctuations in our environment (APA,
2009). We are biologically programmed to respond to immediate threats
but are poor at adapting to gradual changes. We often look toward past
personal experiences when making future judgments and react more
quickly to threats from other humans than from nature. We use climate
change’s uncertain nature to feign ignorance, absolve ourselves of
responsibility, justify our inaction or postpone it. All of these limits are
subjective, socially constructed, and, most importantly, are all dependent
on how we perceive climate change (Adger et al., 2009). We
conceptualize its risks through memories of previous experiences and
future projections, which are deeply influenced by and rooted in our
values; thus, analyzing the social dimensions of climate change matters
just as much as scientific analyses. Although sociology’s qualitative
approach diverges from the quantitative approach prevalent in current
climate analyses and policies, how humanity values climate change
ultimately underlies our willingness to act and support pro-environment
policies.
SECTION 3.0: SOCIAL DIMENSIONS OF CLIMATE CHANGE
Although anthropogenic climate change has now achieved
scientific consensus, it has yet to reach a desirable and much-needed
level of social consensus (Hoffman, 2011). Every opinion and decision
made in our lives convey our values. It is a fundamental guiding principle
that forms the basis of personal or societal judgment of what is
important in life (Adger et al., 2009). Societal organizational
arrangements and the development of rules and institutions are also
reflections of values (Ostrom, 2005). Values are the foundation of each of
the four social meta-domains outlined in this paper: our worldviews, our
cultural identities, how we process knowledge, and how we perceive
risks. Each of these ideologies can act as a barrier to or a driver of climate
change action (Moser & Ekstrom, 2010). Adger et al. (2009) state that
values in society become more diverse and contradictory as one
progresses from single agents (e.g., an individual) to multiple agents (e.g.,
government organization); therefore, since values are not held in
isolation or protected from externalities, agreeing upon the ‘goals’ of
adaptation is rather difficult and often disconnected. For example,
national policies tend to prioritize physical exposures and protection
against structural damage, while local communities prioritize loss of
livelihoods and protecting homes. Understanding and acknowledging the
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values that drive climate change adaptation decisions will be imperative
to their future success.
SECTION 3.1: WORLDVIEWS – HOW AND WHAT WE VALUE
Values precede worldviews, which constitute how and what we
value. Leiserowitz (2006, p. 49) defines values as “general social, cultural,
and political attitudes toward the world and ‘orienting dispositions’ that
guide individual responses in complex situation.” The Cultural Cognition
Theory posits that an individual’s worldview can be described as either
‘hierarchical-individualistic’ or ‘egalitarianism-communitarian’ (Adger et
al., 2009; Kahan et al., 2011). Although few individuals hold these
extreme positions consistently, this author believes that they are an
acceptable simplification of humanistic types, and will provide useful
analysis. The different worldviews mean that each person already
possess a set of preconceived ideas about what the ideal state of society
should be. Accordingly, profound attitudinal differences between the two
makes it extremely difficult, maybe almost impossible, to agree on a
common response (Adger et al., 2009).
The ‘hierarchical-individualistic’ worldview favours policies
which maximize the welfare of its own members; the ultimate ‘goal’ is to
protect their status quo (Kahan et al., 2012; Leiserowitz, 2006).
Consequently, they intuitively perceive climate change policies as
restrictions imposed on their autonomy in commerce and industry, areas
which they value highly (Kahan et al., 2011). Generally speaking, a belief
in free-enterprise capitalism is not usually compatible with adopting
mitigating behaviours; thus, they instinctively feel threatened when
climate change policies exclusively target GHG emissions (Gilfford, 2011).
De-emphasizing the associated risks pushes blame away from their
capital, which has produced a specific lifestyle for them which they would
rather not lose (Gilfford, 2011; Stevenson et al., 2014).
‘Egalitarianism-communitarians’ are on the opposite side of the
spectrum. Their ‘goals’ are primarily focused on societal injustice and
promoting social diversity (Kahan et al., 2012; Leiserowitz, 2006). They
tend to be morally suspicious of industry’s hierarchical-individualistic
supporters as they are viewed as the source of societal deviance (Kahan
et al., 2012). As such, ‘egalitarianism-communitarians’ are typically more
in favour of imposing restrictions.
Consistent with previous studies, Kahan et al. (2011) found that
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‘hierarchical-individualists’ rated climate change at a significantly lower
risk than ‘egalitarianism-communitarians’ (see Figure 1). Expectedly, proegalitarian views were strongly associated with support for national and
international climate policies, whereas opposition was strongly
associated with pro-hierarchist values (Leiserowitz, 2006). These
characteristics were found to be a stronger predictor of climate change
views than political party affiliation (Leiserowitz, 2006). It is this
directional difference in worldviews which leads to paralysis of
adaptation solutions as each side appears to be striving for a different
goal. The underlying worldviews strongly condition and constrain our
attitudes, and, thus, our opinions of public policies.
Figure 4 Perception of climate change risk

(Kahan et al., 2011)
SECTION 3.2: CULTURAL IMPACT – HOW AND WHY WE LIVE
Adger et al., (2012, p.112) define culture as “symbols that
express meaning, including beliefs, rituals, art and stories that create
collective outlooks and behaviours.” For individuals, cultural dimensions
are deeply embedded and interfere with their ability to respond to
change since they rely on unique perceptions and representations of the
world. Current climate change policies almost always undervalue the
involuntary loss of cultural identities, lifestyle, and assets, which are
unique in place and time (Adger et al., 2009). The value of culture loss is
often subjective, irreversible and independent of materialistic
possessions, which effectively excludes these dimensions and renders
them largely invisible to modern economic analyses and climate policies.
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Adaptation responses or risk management generally focus on reducing
harmful effects and increasing any benefits resulting from natural
hazards (Adger et al., 2009). Strategies typically focus on building
resilience, preventing a system collapse, or enabling recovery when a
collapse has occurred.
Cultural heritage is rarely static and is often in flux due to
constant shifts in external conditions (Adger et al., 2009). Change is not
inherently negative as landscapes are dynamic and change through
ecological processes and experiences; thus, in order to survive, societies
must be intrinsically constructed to be able to interact appropriately with
physical changes (Adger et al., 2009). Problems arise when
transformations are involuntary, as in the case of climate change. Place
attachment describes a sense of identity created and pride associated
with a settlement. It is a strong measure of community sustainability as it
contributes to individual and community well-being and, ultimately,
quality of life (Adger et al., 2012). Its role in response to climate change is
complex as it can sometimes simultaneously impede and enable proenvironment action. For example, there may be local opposition to wind
farms in areas where there is a strong support for pro-environmental
policies (Gilfford, 2011). Depending on the cultural practice, different
groups exposed to the same set of changes can display vastly different
responses (Adger et al., 2012). This perspective helps to explain why
some groups connect with climate change issues while others do not, and
why some are able to survive changes while others cannot.
Repercussions such as forced migration will be severely detrimental,
potentially resulting in a complete loss of place attachment in certain
areas. In such instances, severing strongly anchored place attachment
can have devastating consequences. Modern history has numerous
examples of forced migration, few of which can be considered successes
(Adger et al., 2009).
South Pacific Islanders, populations in areas most vulnerable to
climate change, are responding to potential devastation in different
ways. In order to analyze the impact of different cultural values, this
paper will compare and contrast two islands.
Niue is a Polynesian island with a population of 1,500. Important
Niuean cultural dimensions include using stocks of moota (a type of tree)
to make distinctive outrigger canoes used for traditional fishing practices,
which also reflect their spiritual relationship with the land and sea. The
island is home to the Niue national museum and the Huanaki cultural
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center, which preserve traditional dances, singing and oral narration of
histories. In 2004, Cyclone Heta severely damaged the moota resources
and the cultural venues, eliminating precious customs, traditions and
nearly 90% of the island’s art collection (Barnett & Ellemor, 2007).
Niueans are well aware of climate change and the threats posed to their
lives and livelihood. In response, they have created a climate change
strategy emphasizing education and protection their cultural identities
(Adger et al., 2012; Barnett & Ellemor, 2007).
The Republic of Kiribati consists of a series of islands with limited
water resources. No surface water exists on the island and rainwater
harvesting is practiced only to a limited extent (Kuruppu & Liverman,
2011). In contrast to Niue, Kiribati religious obligations restrict material
resources to address water risks as strict rules exist concerning the
purpose of church groups, which form the bulk of organized local groups
(Granderson, 2014). There are limited opportunities to voice nonreligious concerns about water shortages and to develop communal
water initiatives due to financial obligations to the church (Granderson,
2014). A survey by Kuruppu & Liverman (2010) found that only 47% of
respondents were worried about climate change, while 20% remained
unconcerned due to their faith in God.
Climate change will continue to modify societal relationships
with the environment, making cultural analysis central to understanding
human responses to climate change (Adger et al., 2012). The contrast
between the two islands is significant as it highlights the importance of
culture in framing climate change as a concern to society (Adger et al.,
2012). Both communities are severely impacted by climate change, yet
differing cultural values lead to different responses. In both cases, place
attachment strongly discourages migration off the island as this would
represent a “loss of order in the[ir] world” (Turner et al., 2008, p.4).
SECTION 3.3: RECEPTION OF KNOWLEDGE – HOW AND WHAT WE
KNOW
How knowledge is accepted and extrapolated has important
bearings on how decisions are made. As Adger et al. (2009, p.343) argue,
“the goals and processes of adaptation cannot be separated from the
nature, status and legitimacy of knowledge claims about the future.”
Climate change denial is commonly attributed to a deficiency in public
comprehension of scientific information; the general public understands
too little science to understand the evidence and do not think the way
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scientists think (Kahan et al., 2011). They are therefore likely to fail to
take climate change as seriously as scientists or as perfectly rational riskevaluators might (Kahan et al., 2012).
The science illiteracy theory, or the knowledge deficit model,
proposes that insufficient scientific knowledge will result in individuals
underestimating the risks associated with climate change (Kahan et al.,
2011). It would be fair to hypothesize that concerns over climate change
should positively correlate with increased scientific literacy; however,
that is not the case. Instead, cultural cognition theory plays an important
role in how climate change science is processed. Recall the two
worldviews from Section 3.1; ‘hierarchical-individualists’ rated climate
change risks significantly lower than ‘egalitarianism-communitarians.’
Based on the science illiteracy theory, one could assume that increased
scientific knowledge would be key to positively persuading ‘hierarchical
individualists’ (see Fig 2). Interestingly, Kahan et al. (2011) conducted a
study that disproving the prediction. Among ‘egalitariancommunitarians’, science literacy showed only a modest positive
correlation, whereas among ‘hierarchical-individualists’ science literacy is
actually negatively correlated (see Fig. 2). The pattern demonstrates that
factors besides science literacy must be affecting the result.
Figure 2 Predicted risk perception (left), actual risk perception (right)

(Kahan et al., 2011)
There is a strong tendency for individuals to mold their personal
beliefs according to the dominant views within their respective social
groups (Kahan et al., 2011). This dynamic, known as expressive
rationality, will be explored further in this section. The internal conflict is
easily summarized by the Upton Sinclair quote: “it is difficult to get a man
to understand something, when his salary depends upon his not
understanding it” (Sinclair, 1994, p.109).
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Information is absorbed under specific circumstances. Humans
tend to unconsciously seek out and credit information supportive of
“self-defining” their own beliefs and attitudes (Kahan et al., 2012).
Furthermore, for most people, peer relationships are an important
aspect of their lifestyle. For instance, a ‘hierarchical-individualist’ oil
refinery employee concerned about climate change might be shunned at
his place of employment if he voices his opinions. Likewise, an
‘egalitarian-communitarian’ geography professor working in a liberal
university will likely avoid mentioning to his/her colleagues that he/she
believes climate change to be a hoax. The global nature of climate change
already results in hesitation due to the widely-held belief that one
individual is not consequential enough to matter (Kahan et al., 2012).
Why would individuals undergo a risk of alienation? They would probably
be better off if they formed ideas which minimized risk of ostracism from
their community (Kahan et al., 2012). The strength in the characteristic
predictive power of social circles implies that individuals inherently
display a high degree of expressive rationality. Unfortunately, as Naomi
Klein (2014) explains, the: “ice caps don’t care if it’s rational for us to
worry about our friendships. If the world keeps warming, they’re going to
melt regardless of how good our individual reasons for doing nothing
are”.
More proficient scientific reasoning will therefore not increase
acceptance of scientific evidence of climate change, but rather, could in
fact enhance an individual’s beliefs about his/her community’s cultural
worldviews. Individually, a wrongful perception of climate change may be
inconsequential, but the view becomes problematic when groups of
individuals aggregate. The findings highlighted here indicate that climate
change communication strategies focusing exclusively on communication
of sound scientific information are not ideal. As long as the climate
change debate continues to encompass social dimensions that divide
citizens with opposing values, science communication alone will continue
to be ineffective.
SECTION 3.4: PERCEPTION OF RISK – HOW AND WHAT WE OBSERVE
The perception of risk is a mental construct; “it does not exist
independent of our minds and culture” (Van der Linden, 2015; Slovic,
1992, p.690). Our physiological system maps uncertain and adverse
aspects of the environment with affective processing, or in feelings such
as fear, dread, and anxiety (APA, 2009). Analytic processing, such as
84

ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT

Volume X - 2015

formal logic, must be taught explicitly and requires conscious effort and
control (APA, 2009). Scientists process climate change risks mainly
through analytic processing; whereas, everyday citizens generally rely on
affective processing. Risk perception is not always driven by an analytic
consideration of consequences. For example, “mad cow disease” elicits
greater fear than “bovine spongiform encephalitis” (the more abstract
label for the same disorder) (APA, 2009). Analytical and affective
processing can operate in parallel and interact with one another;
however, when the two systems are in competition, affective,
association-based systems usually prevail (APA, 2009). Anthropogenic
climate change prevention requires an understanding of the
psychological factors that shape the public’s risk perception.
Public perception of the risk and danger of climate change can
fundamentally compel or constrain political, economic and social actions,
especially if it is believed the risk is not great enough to justify such
actions. Each of the aforementioned social dimensions is intertwined and
strongly influences how the future is conceptualized. Different attitudes
to risk (i.e. risk-takers versus risk-averse) will result in conflicting goals
and objectives for adaptation (APA, 2009). For example, in flood plains,
some businesses withdraw entirely while others benefits from declining
property values and use those savings to invest in infrastructure
resilience. Psychology literature demonstrates that individuals tend to
respond more quickly when the risk is perceived as immediate or
personal (Adger et al., 2009). There is a tendency to operate myopically
due to the distant nature of the threat; therefore, the current generation
remains ambivalent to investments in adaptation as the current impacts
are modest and future risks are uncertain. Localized encounters often
contrast sharply with ephemeral accounts (e.g., field visits), which
scientists and policymakers often use to conceptualize the risks
(Granderson, 2014). A lack of personal experience, which is often the
case with respect to climate events, results in individuals assessing these
events as low-risk (APA, 2009). In fact, several studies have shown that
the threat of climate change for society as a whole is consistently rated
as a higher risk relative to when respondents are asked to evaluate
climate change as a personal risk (van der Linden, 2014).
Public perceptions of climate change risk are complex and
multidimensional. The success of adaptation hinges on whether climate
change is perceived as a risk and whether it should or could be acted
upon. Effective participatory approaches are critical for responding to
climate change risks at the community level; thus, in order to
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communicate climate change more effectively, scientists and policy
makers must be engaged with alternative understandings of climate
change and its risks, which are influenced by different worldviews and
cultures (Granderson, 2014). New insights into how values interact with
perceptions of risk could radically alter the understanding of social
response and affect how adaptation policies are designed (Adger et al.,
2012).
SECTION 4.0: SOCIAL DIMENSIONS OF CLIMATE CHANGE
COMMUNICATION
Since diverse values underlie adaptation responses, a
requirement must exist for governance mechanisms to meaningfully
acknowledge these manifestations (Adger et al., 2009). Communication
and outreach are needed to develop and implement climate change
adaptation policies. Even the best-designed policies will fall short of their
goals if they are not communicated effectively and fail to engage citizens
in the necessary behavioural changes. Moser (2006, p.3) argues that
‘effective’ climate change communication can be defined as “any form of
public engagement that actually facilitates an intended behavioural,
organizational, political and other social change consistent with identified
mitigation or adaptation goals.” In other words, approaches which take
account of individuals’ personal points of reference, such as their values,
worldviews and cultures, are more likely to lead to meaningful
engagement. Yet many environmental proponents continue to focus
solely on distributing understandable scientific information. Despite
clear, evidence-based data, highly publicized graphs and charts still fail to
inspire a sense of urgency, even if people are able to extrapolate
information correctly.
As discussed, disagreement over climate change science is not
necessarily correlated with a lack of scientific literacy. Rather, knowledge
is superficial and demonstrably not enough to actually alter behavioural
patterns (Moser, 2006). Worldviews have a larger influence over climate
change risk perceptions than climate change knowledge (Stevenson et
al., 2014). It is instead the values associated with the objectives of
climate change policies that divide believers and deniers, leading to
independent evaluation of scientific claims and counterclaims (Kahan et
al., 2011). Section 3.4 examined two ways climate change risk is assessed:
affective and analytic processing. Building on this principle, the following
section explores two main climate communication strategies associated
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with the two processes: fear-inducing imagery and science-backed
publications.
SECTION 4.1 CURRENT CLIMATE CHANGE COMMUNICATION
The apparent lack of public concern encourages the use of fear
in contemporary forms of mass communication or the saturation of the
news with sensationalized imagery in order to convey a message. For
example, pictures of polar bears stranded on ice floes have become
iconic representations of climate change (O’Neill & Nicholson-Cole,
2009). These promotional messages often depict the issue as an immense
and apocalyptic problem; however, this approach can also imply that the
problem is beyond human control and fails to actively engage or mobilize
individuals (Moser, 2006). The media may also be accused of
exaggerating scientific claims to sell the story (Weingart et al., 2000). For
example, when the 2007 IPCC Working Group I Report was published,
nine major UK national newspapers ran articles noting its release. All
introduced adjectives such as ‘catastrophic’, ‘shocking’, ‘terrifying’ or
‘devastating’ in the stories, despite their absence in the original IPCC
document (O’Neill & Nicholson-Cole, 2009). Moreover, the continued use
of fear-focused messages may produce unintended consequences. When
external danger, such as climate change, is perceived to be
uncontrollable, individuals will instead attempt to control internal fears
through denial and apathy. The law of diminishing returns may also apply
to appeals to fear (O’Neill & Nicholson-Cole, 2009). People’s attentions
are easily shifted and, paradoxically, prolonged stimulation and exposure
can lead to ‘emotional numbing’. Furthermore, CRED (2009) researchers
have discovered that people generally have a ‘finite pool of worry’,
meaning that longer-term threats, such as climate change, are pushed to
the bottom of their priorities. Although dramatic and shocking depictions
of climate change can successfully capture people’s attention, they are
also likely to overwhelm individuals when trying to personally connect
with the issue (O’Neill & Nicholson-Cole, 2009).
In contrast, other sources of climate change information
originate from science-backed reports published from international
organizations. As such, proper linguistics can play a crucial role in its
portrayal. Humans have a great need for predictability, however the
nature of climate change is not 100% certain. Predictability allows people
to plan and budget for the future, and assess their physical and material
well-being (CRED, 2009). Scientists at IPCC have attempted to alleviate
this problem by developing a ‘confidence terminology’ which quantifies
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estimates of uncertainty in layman’s terms. For example, ‘very certain’
delineated a greater than 99% probability. However, evidence suggests
that the public interprets these phrases very subjectively, typically
assigning lower likelihood values than scientists intended (CRED, 2009).
Secondly, different linguistic resources will project different objectives to
their audiences. Flottum and Dahl (2011) conducted a linguistic
comparison of the overview section of two development reports on
climate change: the United Nations Development Programme’s (UNDP)
Human Development Report 2007/2008 (HDR) and the World Bank’s
World Development Report 2010 (WDR). Both reports are scientific and
political, meaning they provide a situational description of climate
change and offer policy advice. Nonetheless, due to their different
institutional context, each follows a different linguistic discourse and use
different authoritative voices to substantiate their claims. HDR refers to
non-scientific voices, such as Martin Luther King and Chico Mendes (a
Brazilian environmentalist). In contrast, WDR relies on scientific experts
such as the IPCC and McKinsey. HDR also projects a more personal feeling
in its text, using the words ‘we’ and ‘our’ 43 and 22 times respectively.
Comparatively, WDR uses them 8 and 5 times respectively. The word
‘dangerous’ is used 22 times in HDR and it is often attached to ‘climate
change’ while WDR only uses ‘dangerous’ twice. Both global
organizations have a shared goal of fighting poverty; however, the World
Bank promotes this goal through economic growth, while UNDP focuses
on human rights. Each report exploits the organization’s linguistic
resources differently in order to tell different “stories” and, thus,
presents different decision pathways for policymakers. Finally, aside from
different adaptation goals, the approaches taken to accomplish goals
differ as well. A promotion orientation focuses on advancement,
maximizing or increasing gains; whereas, a prevention orientation
focuses on maintaining the status quo, minimizing or decreasing losses
(CRED, 2009). Therefore, with carefully-selected semantics,
communication can provide messages and actions using both
perspectives. For example, a recycling campaign could emphasize
benefits to society of recycling using promotion focus, as well as how
failing to recycle harms the community using a prevention focus (CRED,
2009). Interestingly, scientific reporting is becoming increasingly
rhetorical and divergent from the traditional objective of a neutral
discourse (Flottum & Dahl, 2011). It is instead becoming an interpretive
genre with the purpose of proposing a convincing policy (Flottum & Dahl,
2011).
SECTION 4.2: WHAT CAN A SOCIOLOGICAL APPROACH CONTRIBUTE?
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Since support for pro-environmental actions is consistently
linked to an individual’s fundamental values, appeals which target
particular values can be effective (Stern, 2012). Determining who the
audience is tends to be critical for effective communication. As
demonstrated in previous sections, each target audience will already
have a preconceived notion about the severity of climate change
influenced by their worldviews and cultures (Moser, 2006). Confirmation
bias will lead people to seek information that is consistent with what they
already believe, think or feel (CRED, 2009). People react to threatening
information by mobilizing their intellectual artillery to destroy it (Klein,
2014). Additionally, focusing on a detailed insight into an audience’s view
can potentially lead to overcoming an important hurdle – the difficulties
in ‘connecting’ to a seemingly remote and impersonal issue (Moser,
2006). Thus, it may be beneficial to take climate change out of the
equation, which could mean translating the issue into relevant terms
such as energy and cost savings, technological leadership… etc. For
‘hierarchical-individualists’, instead of targeting GHG emissions (a
practice which may threaten their values), policies supporting investment
in green technology industries could instead be promoted. It is worth
noting that many worldviews are still being formed and are most
malleable during childhood and adolescence (Stevenson et al., 2014).
Climate change risk perception among adolescents, therefore, is not
dictated in the same way as adults and there exists an age-related
opportunity to increase climate-specific literacy which may leave a lasting
impression translating into future actions. Further research should be
conducted on this topic.
Shared worldviews are responsible for specific practices and are
a critical factor in initiating popular movements (Hoffman, 2011).
Expressive rationality posits that people who feel affiliations with a
specific group are more likely to cooperate with their environmental
decisions (CRED, 2009). People are also more likely to consider evidence
when it is accepted or presented by a knowledgeable member of their
cultural community (Hoffman, 2011). In 2015, Pope Francis is expected to
release an encyclical letter in which he will address environmental issues
and likely climate change for the first time (Hoffman & White, 2015). By
advocating for the protection of the global climate based on its Godgiven value, he could connect climate change to spiritual and religious
values, exerting a very strong institutional force on society. Importantly,
this could have profound implications for the political system. As
discussed, when individuals hold a contradictory opinion on climate
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change relative to those they hold in close affinity, they may experience
consequences, such as ostracism. This is particularly true in places like
Washington DC, where social circles and professional lives often
delineate strong boundaries marking a group’s beliefs (Klein, 2014).
Currently, there are 138 Catholic US congressmen and 26 Catholic
senators, the majority of whom are Republicans (Hoffman & White,
2015). Pope Francis’ message could give social license to Republicans to
challenge the widely-held belief that conservatives cannot believe in
climate change (Hoffman & White, 2015). Comparatively, if the Kiribati
church leaders were to voice their concerns or take a stand on climate
change, it would likely persuade the 47% of residents who are unworried
about climate change to become more aware (Kuruppu & Liverman,
2011). Furthermore, Pope Francis’ message could create a lasting
impression on climate change deniers where environmentalists and
scientists cannot (Hoffman & White, 2015). For example, his encyclical
could influence not only the 1.2 billion Roman Catholics in the world, but
leaders of other denominations as well (Hoffman & White, 2015).
Cultural heritage is extremely vulnerable to global climate
change. Many subsistence and indigenous societies retain traditional
knowledge of their environments and, thus, are able to monitor, observe
and manage environmental change (Adger et al., 2011). The importance
of traditional ecological knowledge should not be forgotten, as it is an
important resource for guiding adaptation policies. As of 2011, although
there has been no statistical evidence of changes in tropical cyclones in
the South Pacific regions, older Pacific Islanders noted that cyclones have
become more intense over the course of their lifetimes. Reconciling
these incommensurable aspects of place with quantitative metrics proves
difficult (Adger et al., 2011). Although the physical structure of Niue’s
national museum will be replaced after Cyclone Heta, the loss of
irreplaceable artifacts represents an irreversible loss of cultural heritage.
It is beyond the scope of this paper to offer specific recommendations on
how place and identity can be valued as a cost of climate change,
however the threat suggests the need for “geographically and culturally
nuanced risk appraisals” which permit policymakers to recognize the
importance of cultural preservation (Adger et al., 2011, p.20).
Adaptation policies undertaken for climate change are often
based on an implicit assumption of having adequately captured
behavioural reality. Policymakers should therefore consult with
sociologists, who have developed specific knowledge about participatory
scientific inquiry and decision-making at the individual, group,
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community and institutional levels (Weaver et al., 2014). Incorporating
social dimensions into climate change polices could open up a range of
potential policy responses.
SECTION 5.0: CONCLUSION
With Pope Francis’ upcoming encyclical message and the United
Nations Climate Change Conference of Parties (COP) 21 in Paris, France
later this year, perhaps it is time to shift the approach of the current
climate change narrative. This paper argues that sociological dimensions
will help capture the extent to which individuals perceive climate change
as a natural change and recognize the adverse consequences of doing so.
Despite increasing concerns about climate change, the environment and
sustainability, actions to ameliorate the problem remain stagnant. The
polemic has become as much a social debate as it is a scientific debate
(Hoffman, 2011). Kahan et al. (2012) demonstrated that science is not
what determines whether an individual accepts climate change as an
issue that requires immediate attention. The nature of the problems
related to global climate change risks and responses means social
dimensions can no longer merely be an add-on to research agendas
driven wholly by biophysical research.
Adger et al. (2009) suggest that an adaptable society is
characterized by awareness of diverse values, reflecting that it is critical
to frame climate change solutions in a manner which does not threaten
people’s values, as the opposite approach would result in creating
dismissive resistance to the argument (Hoffman, 2011). Moreover,
current climate change policies underemphasize or completely ignore
symbolic aspects of place and the risks to them (Adger et al., 2011).
Although the qualitative nature of culture and identity make it difficult to
properly incorporate such social dimensions into public policy,
acknowledging the importance of these factors is essential (Adger, et al.,
2012). If these dimensions continue to be ignored, adaptation measures
will continue to fail to engage the public because they cannot account for
what matters to individuals and communities. In terms of climate change
communication strategies, a balance is needed between information that
triggers an emotional response and analytic information (CRED, 2009). A
highly sensationalized image will lead to the belief that we cannot do
anything impactful as individuals, whereas vivid imagery followed by
analytic products, such as trend analyses, can make such communication
more memorable. There is no ‘one-size-fits-all’ approach to improving
climate change communication, but the incorporation of social
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dimensions makes possible a wider range of available narratives.
Suranovic (2013) suggests that the climate change campaign
could follow best practices from anti-smoking campaigns. Both issues
involve an addiction to consuming products with short-term benefits but
long-term costs. A critical shift in public perception occurred with the
release of the 1964 Surgeon General’s report, which unequivocally linked
cigarettes to disease following several decades of growing scientific
evidence. In more than four decade since its release, the percentage of
Americans who smoke dropped from 52% to 21% for men and 34% to
17% for women (Suranovic, 2013). The battle to reduce fossil fuels has
only begun and, although there are clear differences between the two,
the anti-smoking campaign can be viewed as a best-case scenario for the
projected future success of the global climate change campaign.
Sociology is a foundation for understanding changes to human
behavior, yet climate policymakers rarely consult sociologists.
Contemporary policies are often made based on an implicit assumption
that it captures human behavior; thus, they should incorporate these
dimensions and marginalized voices more explicitly. It is hoped that the
ideas proposed in this paper will answer key questions about how we
understand, communicate and respond to climate change, lead to an
increase in the perceived usefulness of such empirical analyses, and
improve the public acceptance of policies attempting to alter
environmentally-harmful behaviours.
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1.0 INTRODUCTION
Deforestation and the degradation of intact forest landscapes16
(IFLs) has long been a hallmark environmental and natural resource
management policy issues. If asked to name the key regions of the world
where these effects are occurring, many people would likely refer to the
Amazon, Southeast Asia, or Central Africa. Pressures on large forested
areas in these regions have been particularly acute, owing largely to
urban expansion from growing populations, land use change for
agricultural purposes, and poor governance mechanisms to manage
these forces. Hence, the focus of efforts like those of the United Nations
(UN) for reducing emissions from deforestation and forest degradation
(REDD/REDD+) and other global conservation programs is directed
towards developing countries (Buizer, Humphreys, & de Jong, 2014).
Nevertheless, developed countries with large forests of their own, such
as Canada, the United States, Russia, and Australia, are hardly paragons
of good forest management. In fact, Canada leads the world in the
degradation of intact forest landscapes (IFLs), accounting for 21% of all
global forest degradation (Harris, Petersen, & Minnemeyer, 2014).
Declining forest quantity and quality limit habitat for wildlife,
decrease the provision of ecosystem services such as air and water
purification, contribute to climate change through the release of carbon
dioxide and other greenhouse gases into the atmosphere, and reduce the
sustainable yield of forest products that can be extracted for human use.
While forest degradation is not synonymous with mere logging, forestry
operations contribute to major degradation by clearing forest areas and
dividing habitats with transportation corridors. Other forms of human
development, such as power line cuts, flooding of forests for
hydroelectric dams, land conversion for agriculture, mineral, oil and gas
development, and urban expansion result in similar damage. Natural
processes –particularly forest fires and insect infestations– are also key
drivers of forest loss and, despite various mitigation attempts, these
effects are ongoing (Appenzeller, 2015).
Over the past 13 years alone, the world has lost 8% of its
remaining IFLs across all types of forest, totaling 104 million hectares (M
ha), the equivalent of an area three times the size of Germany. Countries
16

IFLs are defined as forested areas greater than 500km2 in size, with linear
dimensions of at least 10km, and not internally divided by infrastructure.

ISEMA: PERSPECTIVES ON INNOVATION, SCIENCE, & ENVIRONMENT

97

Volume X - 2015

in the global south are experiencing higher percentage losses of their
forested lands, but the largest total areas of degradation are in the boreal
states, with 47% occurring in Russia, Canada, and Alaska (Harris,
Petersen, & Minnemeyer, 2014). Boreal forests, specifically, comprise
roughly one third of the remaining forests on Earth and (owing to a
comparatively higher historical rate of deforestation in tropical forests)
now account for nearly half of the world’s IFLs. Approximately 44% of the
boreal forest is considered to be an ecologically contiguous biome
(Bradshaw, Warkentin, & Sodhi, 2009). The majority of this intact boreal
forest is found in Canada and Russia, with a smaller share remaining in
Alaska.
In Canada, the health of the boreal forest has become a main
concern for forest management policy. This partially reflects the reality
that the majority of the temperate forests south of the boreal region
have already been converted for agricultural or urban uses, or otherwise
degraded with the spread of human settlement, leaving little intact forest
to preserve. The boreal forest itself warrants the attention of
conservation and forestry efforts due to its sheer size. The Canadian
boreal forest, including forest proper, taiga, wetlands, lakes, and rivers,
extends from the Yukon Territory across Canada to Newfoundland, with a
total area of 5.8 million km2 (Mkm2) (Badiou et al., 2013). Unlike the
temperate forests of southern Canada, roughly 80% of Canada’s boreal
forest remains unfragmented by settlements or roads (Bradshaw,
Warkentin, & Sodhi, 2009). This relative intactness is attributable to
barriers to agriculture (ie. soil infertility and a shorter growing season)
and lack of preexisting infrastructure, settlements and market access
(Blom, Cummins, & Ashton, 2012). Nonetheless, the boreal forest is not
safe from human encroachment; the establishment of transportation
corridors in the boreal forest for the purposes of forestry and mining
have opened up the ecosystem to potential follow-on development and
disturbance.
The objective of this paper is to examine the two main
narratives in boreal forest management –conservation and resource
extraction– with respect to the potential effects of and contributions to
climate change. While progress has been made in the recent past
through such processes as the Canadian Boreal Forest Initiative,
reconciling conservation and forestry in a changing climate presents new
challenges to these efforts whereby changes in the very ecosystem itself
are altering the balance that conservation and extraction interest groups
had thought they had achieved. This paper will begin by addressing
98
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research pertaining to ecosystem conservation of the boreal forest biome
in general, followed by a discussion of current forestry practices in the
boreal region of Canada. A review of the main findings pertaining to the
effects of climate change on boreal forests globally will then inform an
analysis of the policy implications that climate change has on efforts to
address conservation planning and resource management.
1.0 THE CONSERVATION IMPERATIVE
With their large diversity of plants and animals, significant storage
of carbon, and limited human settlement, conserving the world’s
remaining IFLs will depend in large part on conservation efforts taking
place within Canada. Thus, the importance of the Canadian boreal forest
is not merely an issue of domestic concern, but one of global significance.
While some have noted that certain areas of both temperate and boreal
forest are now recovering from past deforestation (i.e. increasing in
area), the overall quality of these reforested areas is suspected to be
declining as managed forests have neither the biodiversity nor carbon
sequestration potential of natural forests (Bradshaw, Warkentin, & Sodhi,
2009). Furthermore, the officially designated protected areas across
boreal states total less than 10% of this biome, even though the UN
Conference on Environment and Development in 1992 produced the
(modest) goal of 12% conservation for all ecosystems (Wellstead et al.,
2014). More recent scientific work considers this target to be outdated.
Accordingly, biological scientists estimate that if only 10-12% of the
boreal biome were to be protected, then roughly half of its original
species would become extirpated or extinct. Current estimates of
required protection range from 25-75%, with a median estimate of 50%
(Badiou et al., 2013). Similarly, although forested lands can be as small as
500km2 and still be considered intact, the conservation needs of some
species require protected areas of 10,000-20,000km2 in order to remain
ecologically viable. Furthermore, these large protected areas need to be
connected to allow for the movement of species between different sites
in response to predation or natural habitat disturbances such as forest
fires or mass insect infestations.
There are several goals pertaining to boreal forest conservation.
Of the approximately 20,300 species of plants and animals found in this
biome, degradation has already resulted in 348 of these species being
listed as threatened or at risk by the International Union for Conservation
of Nature (Bradshaw, Warkentin, & Sodhi, 2009). Larger animals,
especially mammals, are typically the most affected by loss of habitat.
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Species such as woodland and migratory caribou, wolves, grizzly bears,
wolverines, and lynx now inhabit only a fraction of their historic range
(Badiou et al., 2013). It has been noted that discussions of forest
conservation tend to focus unduly on ‘charismatic megafauna,’
particularly large mammals. While microfauna also present a real
element of concern, this emphasis on high trophic level species is a
convenient simplification when establishing conservation boundaries.
That such species require large, intact areas of habitat in order to survive
also means that those areas are protected for many other, possibly less
vulnerable (or at least less ‘charismatic’) species.
Habitat preserved for the welfare of large mammals is also
valuable for its ecosystem services and non-forestry uses by humans;
however, the ecosystem services of the Canadian boreal forest, valued at
an estimated $700 billion annually, are being threatened by its
destruction (Badiou et al., 2013). For example, a key service maintained
by the conservation of large tracts of boreal forest is the sequestration of
carbon, which mitigates the effects of climate change. The cultural
heritage of both aboriginal and settler populations is also undermined by
the loss of these natural landscapes. Finally, the forest has significant
economic value for both recreational and commercial (ie. non-forestry)
activities (ForestEthics, 2007a).
In Canada, anthropogenic degradation of the boreal forest has
been driven in large part by forestry. As noted earlier, contrary to forests
in tropical regions, the climatic and soil conditions of the boreal region
make this land inappropriate for agriculture once cleared. Moreover, the
remoteness of the boreal region from existing development in southern
Canada gives it little draw for what population increase is occurring in
Canada. The extent of forest disturbance in Canada varies greatly by
province (e.g., Manitoba still has large IFLs, whereas over 85% of the
boreal forest in Quebec is fragmented), but the creation of thousands of
kilometres of logging roads every year furthers the extent of
fragmentation, and clearcuts exceeding 10,000 hectares continue to
occur despite discussions of new, sustainable logging practices. Areas of
high significance to caribou in the boreal forest have been identified;
however, current plans have allocated much of these areas for logging.
For example, in Ontario, 57% of the Ogoki-Kenogami Endangered Forest
Area is slated for logging as is 42% of the Caribou Forest, both of which
are key areas of woodland caribou habitat. (Grant, Mainville, & Putt,
2012). In addition to forestry, hydroelectric projects often flood vast
areas of forest, disrupting the migratory routes of terrestrial and aquatic
100
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species. At least twelve new large-scale dams are presently under
construction in Canada and Quebec alone plans to invest $47 billion in
hydropower over the next 25 years (Badiou et al., 2013).
Such developments all contribute to the shrinking of
undisturbed wilderness areas in the Canadian boreal forest. The current
damage from forestry, mining, oil and gas, and hydroelectric power
affects over 730,000km2 of boreal forest, an area greater than the size of
Texas. If development continues at this rate and the proportion of
forestry operations in the boreal forest remains upwards of 65%, then
the region will lose another 60,000km2 –an area twice the size of
Vancouver Island– in the next ten years (Badiou et al., 2013). Assessing
the drivers of these human impacts will require an examination of the
current state of forestry in the Canadian boreal forest.
2.0 CONTEMPORARY FORESTRY IN THE CANADIAN BOREAL FOREST
The Canadian forestry industry has long been a component of
the country’s staples economy. Despite the decrease in its share, forestry
still contributed $19.8 billion to the Canadian economy in 2013 (NRCan,
2014), representing 1% of Canada’s $1.9 trillion GDP (Statistics Canada,
2015). Direct employment in the forestry sector has also declined steadily
in recent years, from nearly 370,000 Canadians working in the industry in
2003 to only 216,000 in 2013 (NRCan, 2014). With the rise of electronic
media, demand for wood pulp and paper products has declined both
domestically and in the United States. However, Canada remains the
largest producer of northern bleached softwood kraft pulp17, accounting
for more than a third of world production, and is the world’s largest
producer of newsprint. Losses in the pulp and paper segment of the
forestry industry have been greatly offset by rising demand for solid
lumber, both domestically and abroad. Recent changes to the national
building code concerning to the use of wood in mid-rise and nonresidential buildings were implemented to favor the use of this material.
Increased access to international markets has also helped offset some of
the decline in domestic demand; high and growing demand from China
for solid wood is now a large determinant of the output of many
Canadian lumber mills (NRCan, 2014).

17

NBSK pulp is an important long-fibre grade of pulp used in a variety of paper
products.
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The sustainable yields of forest products vary by region and
forest type. While the national average is 136m3/ha, the Pacific Maritime
Ecozone can produce 432m3/ha and northern boreal forests less than
100m3/ha. In total, Canada harvested 594,000ha of forests in 2012,
producing over 200 million m3 (M m3) of wood. By government
estimates, the total sustainable yield from Canada’s forests is 227M m3 of
wood harvested per year, although this yield has been reduced in recent
years alongside natural forest loss, especially the mountain pine beetle
infestation in Western Canada. Current harvested areas and volumes are
lower those from 2011, a declining trend observed since 2006. The
Canadian government and the forestry industry are hopeful that the
economic recovery in the United States will increase demand for
Canadian wood products, including dimensionable lumber and structural
wood panels used in housing construction (NRCan, 2014).
Even with declining demand for forestry products, supplying
these products has become more difficult in some locations due to the
recent rise in the rate and extent of natural disturbances. Forest fires
especially have become a greater cause for concern in recent years.
While fires have always been a part of a forest’s natural lifecycle, the
area burned across the boreal forest in 2013 was nearly twice the tenyear average, and in Quebec, where 1.8M ha burned, it was ten times the
ten-year average (NRCan, 2014). In addition to larger fires, the observed
fire season also has been increasing in duration, with significantly more
fires occurring outside of the usual peak period from June to August.
Rates of insect infestation, notably the spread of the pine beetle in
Western Canada, has started to decline in British Columbia; however,
now that the beetle is established in Northern Alberta, it is likely to
spread east across the boreal forest given favorable conditions.
In addition to ongoing natural disturbances, past logging activity
has caused some forestry operations to shift northward, with several
pressing as far north as the 51st and 52nd parallels, near where the
subarctic region begins (Grant, Mainville, & Putt, 2012). Trees at this
latitude are both smaller and slower-growing relative to their southern
and western, equivalents, necessitating much larger harvest areas to
extract the same volume of lumber. Forestry expansion into these areas
has more severe negative effects; as more sensitive forests are cut, there
is the immediate effect of losing old-growth forest and habitat, but even
after regeneration, some areas can be permanently scarred by changes in
vegetative composition and losses of biodiversity. Woodland caribou, for
example, may never return to an area that has been commercially
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harvested, largely because the habitat itself is unable to return to its
original state due to lost soil nutrients, erosion, edge effects, and the
introduction of species from other areas (Grant, Mainville, & Putt, 2012).
In attempts to adapt to natural forces of change, and in
response to social pressures to correct overly destructive practices, the
logging industry has made significant efforts to modify its practices and
improve its sustainability. Third-party certification is one of the primary
mechanisms for doing so and, while multiple standards exist, the most
stringent is the Forest Stewardship Council (FSC). FSC’s strong reputation
is largely attributable to its multi-chamber stakeholder process, which is
widely accepted as having a good balance between industry, local
communities, environmental groups, and, First Nations communities.
While governments themselves are not allowed to be members of any
chamber in the certification processes, relevant government experts
have been permitted to contribute (Hackett, 2013). Some governments,
such as the Government of Ontario, have even made provincial forestry
license approval conditional upon achieving certification (Lister, 2011).
A larger-scale effort to achieve sustainable forestry in the boreal
region of Canada is the Boreal Forest Agreement (CBFA, 2010). This
agreement was initially negotiated between nine environmental nongovernmental organizations (ENGOs) and 21 forestry companies (all of
which are members of the Forest Products Association of Canada) and
was considered a ‘truce’ in which the ENGOs would stop campaigning
against forestry companies in exchange for the protection of key forest
areas (Los, 2014). The CBFA currently has six working groups covering
forestry practices, protected areas, endangered species, climate change,
local economics, and marketplace recognition, as well as regional
planning groups. As a large organization using a consensus-based
decision making process, the CBFA aspires to be inclusive and
authoritative in matters relating to the management of the boreal forest;
however, their rate of progress has frustrated some groups, most notably
Greenpeace, which withdrew its support in December 2012 over the
creation of new logging roads in areas designated for preservation
(Greenpeace, 2014). Another ENGO, Canopy, left in the spring of 2013
citing similar concerns with the adequacy of conservation efforts by the
forestry companies (Los, 2014).
Notwithstanding the disagreements amongst the parties to the
CBFA, the balance that they thought they had achieved in crafting an
agreement to manage the Canadian boreal forest is now being
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challenged by climate change, which is affecting the equilibrium between
conservation and forest management. The CBFA relied on future
conditions being roughly similar to those which prevailed in the past, but
the landscape is changing. In order to understand how the balance
between preservation and extraction may be affected, it will be
necessary to examine the details of the effects of climate change on the
boreal forest.

3.0 THE BOREAL FOREST IN A CHANGING CLIMATE
The Earth’s global average temperature has increased
approximately 0.8ºC since the late 19th century, and in the boreal region
(50ºN to 70ºN) this warming has especially pronounced, at up to 0.4ºC
per decade since the 1970s, or three times the global average (Raisaned
& Tuomenvirta, 2009). Given the difficulty world leaders have
experienced in agreeing on a plan to reduce greenhouse gas emissions,
average temperatures are expected to increase significantly by the year
2100, especially in northern latitudes. This is a concern for two reasons:
first, the boreal forest is a significant carbon sink and its destruction
would release large quantities of greenhouse gases into the atmosphere,
further contributing to climate change; and, second, a warming climate
will alter the way in which the boreal forest ecosystem operates. These
concerns will be addressed in turn before examining how changes in the
boreal forest can affect forestry in this region.
Changing patterns of carbon storage are important because of
the vast amount of sequestered carbon which could potentially be
released if the boreal forest transitions from a carbon sink to a carbon
source. Whether Canada’s forests currently act as a store or a source of
carbon is a matter of some debate. The boreal region across all northern
countries is estimated to contain approximately 30%, or about 550Gt, of
stored terrestrial carbon (Bradshaw, Warkentin, & Sodhi, 2009). Canada’s
total forest area, most of which is boreal, is estimated to store 84.4
billion tonnes of carbon dioxide (CO2), or roughly ten times the world’s
annual emissions (ForestEthics, 2007a). Total anthropogenic releases of
carbon dioxide equivalent18 (CO2e) from forests in Canada are estimated
18

Carbon dioxide equivalent is the global warming potential of other greenhouse
gases, such as methane and nitrous oxide produced by decaying organic matter,
expressed as an equivalent volume of carbon dioxide.
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by Environment Canada (2013) to have been 18 million tonnes (Mt) in
2009, while Bataille and colleagues’ work for the Deep Decarbonization
Pathways Project (2014) estimates the total release (including land use,
land use change, and forestry) at 76 Mt of carbon dioxide equivalent
(tCO2e) per year, and Kurz and colleagues (2008) have modeled the
emissions from managed forests in Canada as emitting anywhere from
30Mt to 245Mt CO2e per year. Regardless of the exact figure, such
emissions are large in proportion to Canada’s overall emissions of roughly
775Mt CO2e per year (Bataille et al., 2014). On balance, estimates of
carbon absorption have been in a similar or greater range, implying that
the boreal forest has historically been a net sink of carbon (Bradshaw,
Warkentin, & Sodhi, 2009).
The causes of forest-related emissions include both human and
natural factors. Since managed forests are less dense than natural ones
and are not left standing as long, they are only able to store about twothirds the amount of carbon per unit of area (ForestEthics, 2007a). As
noted earlier, in the boreal region, unlike the tropics, forestry operations
are not the primary cause of carbon releases. Historically, natural forest
fires have been the main form of carbon release, but with increasing
encroachment by humans, the percentage of fires caused by humans
across the boreal biome has reached as high as 78% (Bradshaw,
Warkentin, & Sodhi, 2009). Nevertheless, in the last 15 years, insect
infestations have destroyed larger areas of forest than all anthropogenic
and natural fire-related damage combined. The combination of these
forces is causing the boreal forest to transition from a carbon sink to a
carbon source, and this trend is expected to continue for several
decades.
The future response of the boreal biome to climate change is
the subject of ongoing modeling efforts. Raisaned & Tuomenvirta (2009)
have synthesized much of the biophysical literature on the response of
the boreal forest to the anticipated effects of climate change and cite a
number of possible adaptations. As temperatures increase and the
growing season lengthens, trees will take in more CO2 from the
atmosphere over a longer period. These effects should allow trees to
sequester more carbon, creating a negative feedback response with
respect to climate change. At the same time, the decomposition of
organic matter in the soil is expected to increase with higher
temperatures, releasing carbon and some nitrous oxide and producing a
positive feedback response. Other more nuanced changes are also
possible, albeit difficult to model. Accelerated growth would lead to
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larger leaf (needle) surface areas, which with warmer air temperatures
would result in increased transpiration. The resulting increase of water
vapor in the atmosphere again has both a negative and positive forcing
effect; in pure vapor form, water has a greenhouse effect, but once
formed into clouds, it reflects sunlight (Raisaned & Tuomenvirta, 2009).
The cumulative outcome of these forcings will be determined by
their relative strengths, however, which of these phenomena will be
dominant is difficult to determine. Raisaned & Tuomenvirta (2009)
predict a slightly net negative effect on carbon cycling into the
atmosphere from the boreal forest; however, more recent research
examining the health of trees directly has found opposite results.
Appenzeller (2015) notes that because higher temperatures make the
boreal forest drier, trees try to compensate by narrowing the stomata
(pores) in their needles to minimize water loss through transpiration,
simultaneously slowing photosynthesis by limiting the absorption of CO2
from the atmosphere. This natural adaptation to dry conditions only
helps trees for a few seasons, after which the trees begin to die. Tree
core samples confirm that growth rates are already declining in many
areas, and satellite measures show that rates of photosynthesis are
falling. Combined with shifts in climate zones and the spread of new tree
species (particularly aspen) following large fires, Gauthier et al. (2015)
believe that it is more probable that the boreal region will become a net
source, rather than a net sink, of CO2 for much of the current century.
The implications of climate change for managed forests and
timber harvests are less than clear given the uncertainty surrounding the
effects of climate change on the boreal forest. For forests that are
actively managed, the use of fertilizer to encourage faster tree growth
may exacerbate the effects of climate change if the breakdown of the
fertilizer in the soil releases nitrous oxide, a highly potent greenhouse
gas. Since the global warming potential of nitrous oxide is nearly 300
times that of CO2, its release could more than offset the increased carbon
uptake of the trees themselves (Anderson et al., 2011). Also of concern
for managed forests is increased rates of runoff, which leaves the soil
dryer, causing trees to reduce transpiration, and, in turn, limit cloud
formation, which would otherwise have a cooling effect. Thus, “less
intensive management may reduce the risk of warming climate effects”
(Anderson et al., 2011, p. 178).
For natural forests, which is the case in the majority of boreal
forest logging in Canada), the overall resilience of the ecosystem to
106
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climate change will influence its contribution to carbon cycling (Gauthier
et al., 2015). If fires and infestations continue to increase, then there may
be a net loss in forest area not offset by growth in the remaining forest.
Even if precipitation increases in some areas with a warmer atmosphere,
others may experience increased incidences of drought, killing trees and
releasing the carbon stored in them and the soil beneath (Raisaned &
Tuomenvirta, 2009). The contribution of forestry operations to carbon
release is influenced in part by what happens to the final wood products.
Even though a harvested area releases carbon for the first ten years after
being cut (as limbs and other vegetation decompose), thereafter it begins
to act as a sink again (Bradshaw, Warkentin, & Sodhi, 2009). If the
harvested wood is maintained in solid form (e.g., as houses), then it is
possible that forestry could contribute to the net sequestration of carbon
in the form of infrastructure and other durable goods (Anderson et al.,
2011).
In sum, the overall role the boreal forest will play with respect to
climate change will be dependent on how much of it remains intact. If its
total area remains stable, then it may continue to act as a carbon sink. If,
on the other hand, natural disturbances and the conversion of natural
forest to managed forest increases, then more carbon will end up being
released than sequestered.
4.0 DISCUSSION
The increasing tendency of forestry and other resource
extraction industries to move northward will continue to put pressure on
the boreal forest in the coming decades. Likewise, the effects of climate
change will put pressure on this ecosystem with outcomes that are not
well understood as of yet. As a result of this scientific uncertainty, rules
and regulations have not kept up with the impact of development
activity, and governance systems tend to value short-term economic
activity and job creation, or at least maintenance more highly than the
longer-term value of ecosystems and their services (Badiou et al., 2013).
It is important when establishing management guidelines that a
precautionary approach be taken, especially as the science of both
conservation and climate change lag behind the phenomena under
investigation.
While initiatives such as the CBFA and forest product
certification are steps in the right direction, neither is a panacea for the
problems under consideration and both have their shortcomings. By the
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end of its first three-year plan, the CBFA only succeeded in conserving 4%
of the agreement area (Grant, Mainville, & Putt, 2012). Meanwhile,
logging continues in key areas, habitats which, once lost, may never
recover due to the sensitivity of this biome. Resolute Forest Products, for
example, has blocked attempts by the Quebec working group of the CBFA
to protect the Montagnes Blanches region since 2010 – an area with the
highest density of woodland caribou in all of Quebec – and has continued
its logging operations (Grant, Mainville, & Putt, 2012). Meanwhile, the
FSC standard, the most stringent of all forest certification schemes, has
been criticized both for failing to uphold its own guiding principles and
for deferring to provincial legal processes which circumvent the
standards it is supposed to apply. Objections have been raised through
the FSC complaints process for multiple violations of its National Boreal
Standard where forestry operations fail to conserve sufficient habitat for
population viability (Grant, Mainville, & Putt, 2012). Legal exemptions for
clearcut size have been obtained as a way of avoiding what are otherwise
more sustainable forestry practices already enshrined in law (Hackett,
2013). The formation of a new ENGO to monitor the FSC itself is perhaps
indicative of the skepticism of the merits of certification (FSC-Watch,
2014).
Once the potential disturbances brought about by climate
change are factored in, the need for a go-slow approach to forest
management is even more pronounced. Bradshaw, Warkentin, & Sodhi
(2009, p. 545) concluded that “current practices of boreal forest
management are inadequate to deal with the pace and magnitude of
expected changes.” They suggest that much greater emphasis be placed
on: reducing deforestation from logging and other natural resource
extraction; reducing managed forestry that produces even-aged stands
that offer inferior habitat and less carbon sequestration; and putting
greater effort into managing natural disturbances brought on by an
already-changing climate. ENGOs (e.g., ForestEthics, 2007b) also refer to
the importance of demand-side management. Addressing the end use of
forest products, whether through consumer awareness, price signals, or
higher levels of recycling, would lessen the need for forest products on
the demand side.
As well-intended as any of these suggestions may be, Wellstead,
Rayner, & Howlett (2014) note an important fault in their
operationalization. They see a fundamental disconnect between bioscientific assessments and the actual outcomes of the policy process due
to a failure of scientists and ENGOs to adequately account for the
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inherently political nature of putting any of their suggestions into
practice. In some cases, government departments lack the capacity to
implement or monitor the appropriate legislation, and in others forestry
is such a highly-politicized issue that established groups may be averse to
considering the necessary policy upgrades. In order to realize desired
outcomes, it will be necessary to delve into the ‘black box’ that exists
between the scientific understanding of this issue and the final policy
outcomes.
In a counterintuitive argument, Hackett (2013) claims that the
emphasis on certification has been to the detriment of good forestry
policy in that it has released government from responsibility over this file,
having relegated it to an essentially closed process between industry and
a select group of willing ENGOs. Given the progress of the CBFA, it seems
plausible that a similar argument could be made against that institution
as well. The opportunity for any major new changes of the sort required
to achieve 50% conservation of the boreal forest, or net neutral carbon
emissions, may therefore be quite limited.

5.0 CONCLUSION
Through the responsible management of the boreal forest,
Canadians stand to gain in at least three ways. First, the preservation of
habitats, species, and ecosystem services ensures the lasting cultural,
recreational, and aesthetic uses of forests. For as much as forests are
worth to the forestry industry, a more holistic view that includes the
value of these other uses would recognize that their worth actually
exceeds that of forestry by a large margin. Second, the maintenance of as
much of the boreal forest as possible is a hedge against the effects of
anthropogenic climate change. The greater the area of boreal forest that
remains and the longer it stands, the greater the mitigation potential.
Third, if carefully managed, the boreal forest can continue to provide
society with the forest products it needs, though possibly at somewhat
reduced volumes and/or increased cost from historical levels.
While all of this is technically possible, the current means of
managing the boreal forest are lacking and in need of adjustment in light
of the findings of conservation biology and climate science. It is
understandably politically undesirable to reopen such processes as the
Canadian Boreal Forest Agreement, or the inner workings of forest
certification programs like the Forest Stewardship Council; however, such
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renegotiations will be necessary if the above advantages of responsible
forest management are to be realized. Supportive government policies
aimed at addressing demand-side factors, reducing surplus harvesting
capacity, retraining of forestry workers, or possibly even providing
relocation assistance to mill towns that are forced to close will ultimately
be to the greater good of society.
It is also important for researchers on the natural science side of
conservation management to recognize the social and political middle
ground that science must cross before it becomes public policy. Further
work examining that space between scientific inputs and policy outputs is
needed. Nonetheless, as with many other areas of natural resource
management, good forest management relies in large part on good
science. If the science is allowed to set the operating boundaries of
human activity, then humans are no doubt capable of living within them.
A reluctance to observe such limits is certainly not in the country’s longterm interest.
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10 Years of ISEMA
In 2006, a core group of Innovation, Science and the
Environment (ISE) students undertook the ambitious
project of creating a graduate journal. They wanted an
opportunity to experience the peer-review process, to
showcase the best student work and make
connections with ISE faculty’s network of thoughtleaders and practitioners, and to draw attention to the
issues addressed in ISE-based public policy. It became
a challenge to all future students.
Nine successive editorial boards have since taken up
the torch for ISEMA and, a decade later, the journal
has inspired 50 high quality articles. Success has only
been possible through the dedication of the external
reviewers, the guidance of previous years’ editorial
boards, and the hard work of reviewers and editors –
many of whom continue their commitment to the
journal every year. Together, the ISE and Sustainable
Energy Policy programs have built on the foundations
laid by this pioneering group of students to create a
legacy of academic excellence reflective of SPPA.
For their vision in bringing this journal to life, we are
grateful to the founders of ISEMA: Kelsey Nutland,
Lillian Hayward, Daniel Carr, Aram Cardarelli, Pat
Crosscombe, Walid Hammoud, Norah Holt, and Tanya
Neima. We are proud to carry on your success.

A special thank you is owed to Glen Toner and
Stephan Schott for their ongoing support and tireless
enthusiasm from day one. These ten editions would
not have been possible without you.
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