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used in other states, businesses in the commercial 
(non-manufacturing) sector could save $230 million 
annually in energy costs, while businesses in the 
industrial (manufacturing) sector could save up 
to $129 million annually, for a total savings to the 
Maine economy of over $450 million per year at 
today’s energy prices and utilization rates (Colgan et 
al. 2008a). 

Alternative heating methods
Conservation through efficiency improvements and 
increased use of fuels other than oil are both key to 
reducing greenhouse gas emissions from residential 
heating. Over time, natural gas could play a greater 
role as regulation, incentives, and market forces 
increase pipeline infrastructure and allow more 
households the option of switching from oil to gas. 
Alternative hydrocarbon energy sources such as natural gas or 
propane result in lower emissions, but local supplies of these 
fuels could tighten in the future. 

Near-term opportunities exist related to wood, combined 
with electric heat pumps. Heat pumps use electricity to 
transfer heat from cool to warm areas. The most common types 
move heat between the outside air and a house or building. 
Geothermal heat pumps transfer heat from the ground or 
a nearby water source. Because they move heat rather than 
generate heat, heat pumps can provide up to four times the 
amount of energy they consume (DOE 2008). 

Heat pumps are very efficient under all conditions except 
for the coldest days when the ability to extract heat from the 
exterior air or near surface ground is limited, and here is where 

wood can play an important role in Maine’s overall mix of 
heating sources. Wood can serve as an alternative, supplemental 
heat source on very cold days, when heat pump technologies are 
least efficient. Heat pumps are more effective on warmer days, 
when a wood heating system operating with a fully open damper 
(the most efficient mode) generates too much heat. Since only a 
small number of days during the year require large quantities of 
heat from a wood stove, particularly in the southern and coastal 
portions of the state, households in these areas would benefit 
from using complementary heat pump-wood products heating 
systems. The Governor’s Task Force on Wood to Energy (2008) 
recently concluded that Maine has a sufficient amount of wood 
that can be sustainably harvested to supply the conversion of 
45,000 homes (about 10% of Maine residences) from oil to 

wood heat over the next five to seven years. 
The implementation of heat pump-wood 
systems would greatly expand the use of 
wood heat for home heating beyond the 
current 10% projection.

Heat pumps rely on electricity. The 
savings in emissions gained by converting 
to heat pumps requires an increase between 
2.5 and 4 gigawatts of electricity generating 
capacity, more than four times the output 
of the Vermont Yankee nuclear power 
plant. Increased use of traditional electric 
resistance heating would at least triple this 
need. Therefore, widespread implementation 
of heat pumps depends on the success 
of efforts to increase renewable energy 
generating capacity in the state.

Maine is fortunate to have a number of 
renewable resources that could be utilized 
such as water and wind power in addition to 
other conventional sources such as nuclear. 
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fossil fuel-based sources (Wiser and Bolinger 
2007). Energy costs average $0.03-$0.06/
kilowatt-hour, depending on whether or not 
the Federal Production Tax Credit is applied 
(Maine Public Utilities Commission 2005).  

With the Gulf of Maine’s strong, steady, 
year-round winds, Maine is considered to be 
the best state for offshore wind on the East 
Coast (Gies 2008). Offshore wind projects 
are already making significant progress in 
Massachusetts, New Jersey, and Delaware. 
Proposals for projects in Maine waters differ 
in that they will be located much farther from 

shore and in deeper water, to capitalize on the steadier and 40% 
stronger winds that exist offshore. Wind turbines in these areas 
may be expected to produce up to twice as much energy as 
onshore ones (Berlinski and Connors 2006), although they also 
cost twice as much to build.

The extra cost of offshore wind farms is mostly due to 
construction and maintenance difficulties associated with 
working offshore in waters ranging from 60-90 meters deep, 
where 90% of Maine’s offshore wind capacity lies (Musial 
2005). Once constructed, however, offshore wind farms are 
expected to produce greater revenue per unit. The challenges 
facing offshore wind are the overwhelming costs of the required 
generating capacity, the realities of the capital markets, and 
the need to understand the value of the resource and the 
environmental costs (Pehnta 2008).

Power from the sea
The development of new technology is making possible the 
generation of emission-free electricity from Maine’s tidal, river, 
and ocean currents. Tidal in-stream energy conversion devices 
hold promise of being one of the most sustainable methods of 
generating power, and several of North America’s most robust 
tidal energy sites are located in Maine (Bedard and Hagerman 
2006). Unlike dams, which impound tidal waters and operate 
similar to conventional hydroelectric plants, the new devices are 
placed in the free-flowing tidal stream to harness power from 
moving water, to capture part of its kinetic energy. Because 
the devices are deployed below the water surface, there are 
fewer visibility or navigation issues.  Although power output 
is variable like many other renewable energy resources, tidal 
energy is predictable and therefore can be more easily integrated 
into the electricity grid for providing reliable power. Initial 
estimates put the total value of the resource in the range of 200-
250 megawatts (Bedard and Hagerman 2006), although this 
number could prove conservative as research to develop and test 
the technology advances.

Because of the high degree of interest and the unique 
resources that exist in Maine, in-stream tidal energy is a 
promising near-term energy source which could have significant 
employment implications for the state, and provide the initial 
manufacturing and services infrastructure for the eventual 
creation of an ocean energy industry cluster.

Power from the wind
Maine has significant potential for developing wind energy 
both on land and offshore, and is listed as the best state for wind 
energy development on the East Coast and the 19th best in the 
nation (EIA 2008). Land-based wind production is already a 
reality in Maine, in the form of large-scale wind farms, as well as 
small independent wind turbine projects. Currently about half a 
dozen wind farm projects are at various stages of development, 
and only a fraction of the estimated eight gigawatts of potential 
wind power has been realized. 

Terrestrial wind energy technology has seen a reduction 
in cost over the past two decades and is now competitive with Ph
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Nuclear
With the bulk of uranium sources located outside of the US, 
nuclear power does not take us closer to energy independence, 
but it is a step towards lowering CO2 emissions in the state. 
However, other environmental risks and security concerns 
and the associated costs need to be addressed in factoring this 
resource into Maine’s overall energy plan. While such a plant is 
unlikely to be permitted within the state of Maine, nuclear will 
be a part of the overall generating mix with power coming from 
plants located in neighboring states and provinces. 

The economics of conversion
A plan for gradually replacing fossil fuels with electricity 
generated from renewable sources is important for the health 
of Maine’s economy, to promote energy independence, and 
to reduce Maine’s greenhouse gas emissions. While cap-and-
trade systems or a carbon tax may provide incentives for this 
conversion, the cost remains daunting.  

Alternative energy sources in Maine are attractive 
because Maine’s average electricity rate is 39% above the 
national average (although costs are lower than in many of 
our neighboring states). Significant portions of electricity 
costs are unrelated to generation, and include transmission, 
distribution, and “stranded” costs (OPA 2008). Stranded costs 
in Maine are associated with closed or divested generation 
capacity that remains as debts on the utility balance sheet 
which must be paid by the utility customers. These costs are 
insensitive to changes in the source of supply, and thus the 
addition of new sources of electricity will have minimal effect 
on consumers’ electric bills. These non-supply related costs are 
a significant barrier to widespread substitution of electricity as 
a primary heat source.

Cost estimates must consider not only installation and 
construction costs, but also the capacity or efficiency of the 
generation technology. Nuclear plants have an average capacity 
factor of over 91%, depending on how often a plant stops and 
restarts (Blake 2007). Wind has a capacity factor of 25% to 
40%, with recent gains due to improved turbine design and 
siting of turbines (Bird et al. 2005). It is reasonable to assume 
that this capacity factor applies to offshore wind, which is 
more consistent but carries greater logistical difficulties for 
maintenance and support. Tidal energy will likely have a similar 
or slightly higher capacity factor.  

Another factor to consider when estimating costs (and 
carbon footprints) is the entire “life cycle” of a fuel source or 
power plant. Even offshore wind has related emissions and 
environmental concerns (Pehnta et al. 2008). Nuclear power is 
regularly touted as an energy source with zero carbon emissions. 
Although this is true at the point of generation, nuclear power 
plants do contribute CO2 to the atmosphere via mining and 
processing of fuel, plant construction and operation, disposal of 
used fuel and waste products, and decommissioning activities. 

The size of nuclear power’s carbon footprint varies widely due 
to differences in plant type, location capacity, efficiency and 
expected lifetime (Sustainable Development Commission 
2006). A reasonable estimate of total emissions from a 2.5 
gigawatt nuclear plant is 1,354 million pounds of CO2 (Sovacool 
2008), which is far less than the 10,649 million pounds 
produced by the use of oil heat. 

We have estimated that the conversion of 425,000 homes 
from oil to heat pumps would carry a one-time cost of $1.5 
billion. This would require a major effort, but could potentially 
save $4,580 per year per house for a total savings of $1.94 billion 
per year. An additional cost would be incurred for wood pellet 
or other space heating for days when the temperature is too low 
for a heat pump to function efficiently.

Converting to heat pumps would require between $6.5 and 
$22 billion in capital investment in electricity generating capacity 
and upgrades to the transmission and distribution system.  This 
capacity is unlikely to be met by any single source alone. 

Capital costs for the construction and maintenance of 
terrestrial wind farms vary widely based on many factors 
including project size and location, but an average estimate of 
installed true capacity is $2,500-$4,000 per kilowatt-hour (kW; 
Maine Public Utilities Commission 2005).

Current estimates for deep-water offshore wind are $5,000 
to $9,000/kW. The first offshore wind plants, such as the 
General Electric facility in Arklow, Ireland, cost an estimated 
$3,600/kW even though it was located in relatively shallow 
water where a single tower could be placed on the sea bottom. 
Current European shallow-water projects have cost between 
$1,800 and $4,000/kW of capacity with an actual output costing 
an average of $6,900/kW with the 39% average availability 
(European Wind Energy Association 2008).

The cost of constructing a new nuclear power plant is 
estimated at $5,000-$10,000/kW,  with a total initial investment 
of $12 to $18 billion. 

Tidal power has an estimated cost of $5,500/kW installed 
capacity.

Knowledge gaps
Realizing Maine’s alternative energy sources like offshore wind 
will reduce the state’s carbon emissions while creating a new 
industry in the state, but initial investment is necessary. How 
can the state prioritize energy spending in a global economy of 
wildly fluctuating energy costs?

What will it take in terms of cost, effort, and time to convert 
residential heating systems from oil to natural gas, wood, heat 
pumps, or some combination of these? 

What can the state do in support of Maine’s nacscent heat 
pump, tidal, and wind energy industries to ensure business 
competition and the existence of a trained workforce with 
reliable installation skills?
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An Overview of Human Health Issues
Author Marcella H. Sorg, Margaret Chase Smith Policy Center, University of Maine

Anticipated climate changes threaten to decrease air quality, increase the spread of animal and microbial sources 
of disease, and increase danger from extreme weather events.

Maine’s readiness for climate disruptions will require expansion of its public health monitoring systems, especially 
for infectious disease and lung health, improved connections with regional and federal health systems, and 
increased disaster response capability.

Humans can survive and even thrive in a wide range of climates. 
Although humans have built physical and technological buffers 
against some conditions, our health ultimately depends on the 
whole of our environmental surroundings, both natural and 
built—our modern human ecology. This is particularly evident 
in our vulnerability to factors mediated by climate, such as air 
and water quality, the spread of animal and microbial sources 
of disease, and the dangers posed by extreme weather events. 
Climate change has major implications for human health 
around the world, and this section provides a generalized 
overview of the issues most relevant to public health in Maine.

Climate and human health
Humans, like all other species, have adapted to a range 
of temperatures and available food sources, in systematic 
relationship to the plants, animals, and even the germs in our 
environment. This ecological view places humans in nature 
in an interacting community of organisms which feed us, and 
also which transmit disease. Just as our health is influenced 
by diseases in our environment, germs and viruses depend on 
humans for survival. All parts of a living community are affected 
by changes in temperature, rainfall, or the geographic ranges of 
organisms. Some of these effects are predictable, but the huge 
complexity of biological relationships creates uncertainty. The 
major areas of human health vulnerability include: (1) threats 
to clean air and fresh water; (2) a largely unpredictable influx 
of new germ-caused diseases; (3) increasing extreme weather 
events; and (4) mental health issues produced by disasters and 
human population death, injury, and displacement.

Temperature affects the geographic range of infectious 
diseases, but weather events affect the timing and intensity of 
outbreaks. The United Nation’s World Health Organization 
(WHO) has warned that more storms, floods, droughts, and 
heat waves will be accompanied by an increase in climate-
sensitive diseases, including malnutrition, diarrhea (an 
important cause of infant mortality), and malaria (McMichael et 
al. 2003). Two inches of rain in 24 hours is the threshold for the 
spread of infectious diseases, which have increased 14% in the 
US (Epstein 2008). Drought punctuated by heavy rains can be 
particularly destabilizing. Clusters of disease (borne by water, 

rodents, and mosquitoes) follow disasters, as public health 
infrastructure is damaged.  

 The future of public health in Maine
In Maine, climate change may have positive effects on health by 
increasing the agricultural growing season and reducing stress, 
injury, or deaths due to the cold. Nevertheless, most health effects 
are expected to be negative, and Maine will be influenced by 
climate effects on the health of populations around the world.

Warmer temperatures in the summer months and more 
frequent heat waves will increase heat-related illness. Heat 
stroke claimed tens of thousands of lives in Europe during 2003, 
and some US cities have also experienced increased deaths 
(Epstein 2005).  

As temperatures increase, the geographic territories of 
disease-bearing insects will likely change, although the exact 
mechanisms are too complex for precise modeling. Because 
insects have metamorphic life cycles, temperature extremes 
and averages may affect life stages (e.g., eggs, larva, and adult) 
differently. For example, Lyme disease is carried by the deer 
tick, Ixodes scapularis, which is associated with abundant 
deciduous forest, a moist climate, and the distribution of its 
most common animal host, the white-tailed deer (Rand et 
al. 2004). The deer tick also carries at least two other human 
diseases: human granulocytic anaplasmosis and babesiosis, and 
may carry Powassan encephalitis as well.  

Lyme disease, identified in 1979 in Lyme, Connecticut, 
appeared in Maine at about the same time the first deer ticks were 
identified, the late 1980s (Rand et al. 2007). The incidence of 
Lyme disease, tracked by the Maine Center for Disease Control 
and Prevention (Robbins 2007), increased gradually at first, and 
has accelerated since the late 1990s, with a 37% increase in 2006 
and 56% increase in 2007 (528 cases; Figure 25).

Since 1989, the Vector-Borne Disease Laboratory at Maine 
Medical Research Institute has researched ticks and their 
association with Lyme disease. Most cases are reported in 
southern and coastal Maine, particularly York and Cumberland 
counties, contiguous with the greatest frequency of identified 
deer ticks (Figure 26). The distribution of deer ticks has been 
moving north along the coast and up the major river valleys. 
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Scientists expect air quality to diminish (Patz 
et al. 2000, McMichael et al. 2003, Weiland et al. 
2004, Confalonieri et al. 2007). Increasing ozone 
and CO2 contribute to smog, which causes 
more hospitalizations and deaths from asthma 
and chronic obstructive pulmonary disease 
(COPD; ALA 2007, Bell et al. 2007). In contrast 
to reductions in atmospheric concentrations of 
sulfate and toxic metals (page 14), deposition 
of nitrate, an acid rain-forming compound and 
an important forest nutrient, has not declined 
and remains an environmental concern. Nitrate, 
along with sunlight and airborne hydrocarbons, 
is important in the formation of ground-level 
ozone (or tropospheric ozone). The relatively 

constant levels of nitrate, sunlight, and natural hydrocarbons 
in the air assures a continuing presence of unhealthy ozone 
episodes. This is not to be confused with stratospheric or 
“good” ozone, which at high elevations (six to 30 miles) in 
the atmosphere protects life from the sun’s ultraviolet light. 

Figure 25 Number of cases of Lyme disease reported to the Maine Center 
for Disease Control.  Source: Maine CDC. 
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Figure 25   Number of cases of Lyme disease reported to the Maine Center for Disease Control, 1986-2007 (Robbins 2007).
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Figure 26  Cumulative number of deer ticks submitted for identification through 2007 to the Vector-Borne 
Disease Laboratory at Maine Medical Research Institute. 

Similarly, cases of Lyme disease have increased in Sagadahoc, 
Knox, and Lincoln counties, and in the lower Kennebec 
River valley. Model studies show that all of Maine will have 
conditions conducive to Lyme disease by 2080 (Epstein 2008). 

Unstable weather is expected to alter the distribution of 
disease-causing mosquito species (Rosenzweig et al. 2001), 
and mosquito-borne diseases are increasing in Maine. Both 
West Nile virus and Eastern equine encephalitis have been 
identified in Maine animals, although no human cases have 
been reported. 

Climate change extremes, including heavy precipitation 
in some areas and drought in others, can affect the supply 
of fresh water. More than 100 pathogens can cause illness 
through contact with water contaminated by sewage, including 
norovirus Norwalk, hepatitis A, and E. coli. Maine is at risk for 
water contamination with increased flood events, particularly 
in communities where sewer systems are not separate from 
stormwater systems, or in areas where surface water supplies 
are vulnerable to contamination. Outbreaks of water-borne 
disease such as giardiasis and cryptosporidiosis are expected 
to increase due to local precipitation-caused flooding (Relman 
et al. 2008). Giardiasis, sometimes called “beaver fever,” is an 
intestinal parasite that lives in humans and other mammals and 
can contaminate drinking water. The number of giardiasis cases in 
Maine has fluctuated from 238 in 2000 to 197 in 2007 (Robbins 
2007). Cryptosporidiosis, caused by an intestinal parasite, is 
frequently found in contaminated water such as swimming pools 
(it is resistant to many chlorine disinfectants), and is often linked 
to contact with farm animals. Reports of cryptosporidiosis cases 
remained stable at 20 reports in both 2000 and 2001, rising to 30 
in 2005, 52 in 2006, and 56 in 2007 (Robbins 2007).

With rising ocean levels, coastal groundwater is at risk 
from increased salinity as seawater invades formerly freshwater 
aquifers. Warmer temperatures and increased rain and snowfall 
may increase the length and intensity of toxic algal blooms or 
“red tides” in coastal waters (Edwards et al. 2006; see also the 
Gulf of Maine section of this report). 
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Emissions of synthetic chemicals from human activity (e.g., 
chlorofluorocarbons) have depleted this ozone layer, leading 
to increased risks to human health.

Rising amounts of particulate matter, which can originate 
in areas outside Maine or locally from heating fuels and other 
combustion processes, also impair lung health. As heating oil 
becomes more expensive and Mainers are encouraged to burn 
wood, the potential exists for air quality degradation from 
wood smoke, even with newer stove types. Recent research 
comparing residential heating systems has found that, while 
the new pellet stoves produce about 10 times less particulate 
matter than conventional wood stoves, they still produce about 
50 times more particulates than conventional oil furnaces, and 
more of some toxic substances (polycyclic organic compounds 
and naphthalene) than either conventional wood stoves or 
conventional oil furnaces (Dixon 2008). Thus, decisions about 
heating are linked to public health, especially the health of 
children and elders, and should be considered as part of the 
cost-benefit analysis in setting priorities (Byun 2008).

Pollen is one form of airborne particulate matter that can 
cause allergic responses, potentially compounding problems 
from air pollution, especially for those with asthma and/or 
COPD. Plants that produce allergenic pollens such as ragweed 
may be more numerous with higher levels of carbon dioxide, 
and produce greater quanities of pollen, or pollen that is more 
allergenic (Epstein 2005).

Finally, with the anticipated increase in severe weather 
events, along with the rising sea levels, the probability that 
people will be displaced from their homes will also increase. 
Mental health issues that accompany such family disasters are 
also expected to increase.  

Opportunities & Adaptation
Public health successes in the 20th century, mostly focused 
on better sanitation and immunization, made great strides in 
reducing deaths due to infectious childhood diseases. Newer 
challenges have come from chronic diseases and diseases of 
addiction, and the behavioral changes needed to combat them. 
Now we must be prepared for an expanded variety of problems, 
some of which are difficult or impossible to predict (Frumkin et 
al. 2008).  

Maine’s statewide public health system is still relatively new, 
and will need to grow quickly and remain nimble as it faces the 
incoming threats that will be created with the changing climate. A 
robust public health system is one that can respond quickly to a 
range of potential problems, including issues with water supplies, air 
pollution, and a changing and largely new assortment of infectious 
diseases that need to be monitored and addressed (Epstein 2002). 

Our ability to adapt to climate changes that affect health 
depends on having the knowledge to define and address 
new and emerging problems. It also depends on the speed 
with which we can respond to threats. Movement away from 

homeostatic systems of weather and climate, for which we have 
developed solutions to known problems, will present strong 
challenges to public health infrastructure. Maine’s readiness for 
climate disruptions will depend in large part on investment in 
the expansion of the state’s public health monitoring systems, 
especially with respect to infectious disease and lung health, 
interoperability with regional and federal health systems, and 
investment in disaster response capability (Frumkin et al. 2008).

Disaster and public health threat preparedness presents 
challenges in both policymaking and implementation. Some 
decisions about climate-related interventions for health will 
have to be made in the absence of secure data, and our public 
health infrastructure will need to incorporate expertise and 
resources for managing uncertainty (Glass 2008). The climate 
influences on health involve traditional public health topics 
of disease morbidity, mortality, and epidemics, but they also 
involve interactions among large-scale ecological processes 
and socioeconomic systems, and so public health planning will 
increasingly play an explicit role in policy decisions influencing 
the environment and the economy.

Knowledge gaps
Can we evaluate the public health risks posed by storms, 
flooding, and sea-level rise to water quality, and prioritize 
investment in upgrading  wastewater treatment plants, 
combined sewer overflows, and private subsurface wastewater 
disposal systems? 

More research is needed on emerging disease ecologies, 
particularly for vector-borne diseases as they invade temperate 
climates. Species-specific models will be required to differentiate 
complex relationships between vectors, hosts, and within an 
environment of changing population density, land-use patterns, 
and biodiversity issues.

Little is known about the specific pollutants carried in air 
and their effects on human health. Such pollutants change with 
new industrial and agricultural use and atmospheric release of 
chemicals, and potentially react with other substances in the air or 
water. What are the acute and chronic effects of these chemicals?

How can we create residential heating methods for Maine 
that reduce dependence on fossil fuels, but do not further 
pollute air and cause respiratory health problems?

Health policy research is needed to refine understanding 
of the complex public health needs and the roles of the public 
health system in natural disasters, including benefit/cost 
assessments that consider the diverse health consequences that 
occur: trauma, infection, nutritional deprivation, psychological 
damage, population displacement, economic loss. 

Research is needed to develop methods of death 
investigation that better serve public health and safety 
surveillance and outcome evaluation. Expanded skills and 
protocols are needed to consider and document environmental 
causes of death.



Maine’s Climate  Future� Maine’s Climate Future

63Sector Issues & Opportunities

Maine’s Climate  Future� Maine’s Climate Future

An Overview of Economic Issues
Author  Charles Colgan, University of Southern Maine

will occur in Maine independent of events elsewhere, the 
key to determining the extent of the cost effects will be how 
change in Maine takes place relative to changes elsewhere. 
Since climate change is literally a global problem, it will be 
affecting costs everywhere. The key question is: Will Maine be 
disproportionately negatively affected?

For example, as described in the section on freshwater 
ecosystems, water may become more scarce and costly in 
parts of Maine. The perception that Maine is “water-rich” will 
likely change as precipitation patterns become more variable 
and unpredictable. Extended periods of drought could drive 
up water prices, or require more expensive investments in 
infrastructure to maintain water quality and quantity. At the 
other extreme, periods of high precipitation will require greater 
investments in infrastructure to manage flooding events. Recent 
high-volume rain storms have already shown an alarming 
deficiency in the size of culverts needed to protect roads, and 
Maine is facing significant issues and rising costs in managing 
stormwater with existing water systems.

Other changes may be subtle but very real. A number of 
studies have pointed to the vulnerability of significant portions 
of Maine’s coast to the increasing frequency and intensity of 
coastal storm damages resulting from sea-level rise associated 
with climate change. This is true in the beach communities of 
York County, but also in Portland, where the Commercial Street 
area is the site of regular flooding from storms (Slovinsky and 
Dickinson 2006).  

Following the disasters of hurricanes Andrew (1992) and 
Katrina (2005), the private property insurance industry has 
been re-evaluating rates for property insurance in coastal areas. 
Private property insurance is almost unattainable in Florida 

Climate change will affect agricultural lands, forests, and aquatic ecosystems, resources key to Maine’s traditional 
economic foundation. Losses may be offset by new opportunities such as those presented by longer summers or 
new species. 

Climate change could indirectly raise the costs of doing business in Maine. Warmer temperatures and sea-level rise 
will increase risks of flooding and coastal property damages, which will be incorporated into insurance rates and 
availability even before lasting damage occurs. Policy responses to climate change, such as cap and trade emission 
rules or carbon taxes, will alter costs in unknown ways, some of which may be to Maine’s advantage and some of 
which may not.

Economic opportunities include the growing alternative energy industry, inventing new technologies for energy- 
and carbon-efficient products, and developing the expertise to help individuals and businesses adapt across all 
sectors of the economy.

Climate change offers the opportunity to build the local economy and healthier living through locally grown 
foods, community supported agriculture and fisheries, and reduced exposure to harmful chemicals.

In response to climate change, certain economic activities will 
be reduced or even eliminated. Costs will increase for some 
sectors and decrease for others. The potential growth of new 
economic activity could offset some or all of the negative effects 
of a destabilized climate.

Absent an abrupt or clearly dramatic climate change or sea-
level rise scenario, the net effect of climate change, including 
the effects of mitigating actions, could be significantly negative 
or maybe slightly positive. The ultimate answer depends on the 
interaction of four different factors: changes in outputs, changes 
in costs, changed opportunities, and changed perceptions of 
time and risk.

Other sections of this report have described how climate 
change threatens the natural resources on which the Maine 
economy has depended. These include lobsters and other 
commercial fish species, the forests on which the forest products 
industry depends, four-season recreation, and sport fisheries.   

At the same time, warmer temperatures may extend seasons 
for tourism activities such as cruise ships and boating. Longer 
growing seasons will permit farmers to expand the range of crops 
and animals in Maine agriculture. The forest products industry, 
which has been adapting to a changing softwood/hardwood mix 
since the spruce budworm outbreak of the 1970s, will continue 
and accelerate this adaptation. It is highly likely that Maine will 
continue to be characterized by forest products, fishing, and 
agriculture well into the future, but all of these industries will 
likely look somewhat different than they do today.

The impacts of climate change on the costs of doing business 
in Maine are less visible than changes in natural resources, yet 
changes in costs are likely to be as or more significant. Unlike 
the changes in the natural resource industries, some of which 
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and has become a major issue in places like Cape Cod (Mohl 
2007). Federal flood insurance fills part of the need but does 
not cover damage from wind, as many homeowners along the 
Gulf of Mexico have discovered. The “insurance crisis” that is 
now afflicting many other coastal areas has not yet hit Maine, 
but it will probably only take one or two more repeats of 2007’s 
Patriot’s Day Storm to bring the issue to the fore.

Another set of changing costs will emerge from the 
responses designed to mitigate climate change. The two most 
significant economic strategies proposed for mitigation are 
cap-and-trade systems and carbon taxes. Maine is already 
participating in a cap-and-trade system through the Regional 
Greenhouse Gas Initiative. This approach will progressively 
ratchet down emissions, with those electric utilities able to do 
so most efficiently gaining an economic advantage, although the 
effects on different states are still unclear. Federal cap-and-trade 
systems may be created within the next two years. Their effects 
are even more uncertain, particularly how a national system 
would interact with a regional one.

A carbon tax, which many economists believe is the most 
effective strategy for mitigating greenhouse gas emissions (GAO 
2008), is more uncertain as a policy measure. Maine’s heavy 
dependence on fossil fuels would make the state vulnerable to 
disproportionate increases in costs, at least in the short run. 

However, in the long run, the state’s response to a carbon 
tax could offset these cost disadvantages.

Opportunities & Adaptation
The need to mitigate and adapt to climate change also 
presents Maine with economic opportunities. These 
include ideas covered in more detail in many other 
parts of this report, including developing markets for 
Maine forests to be used for carbon sequestration and 
bioproducts. Most notable has been the significant 
investment already underway and planned in alternative 
energy generation, particularly wind power. If fully 
realized, the development of wind power generation 
could be a major industry in Maine for the next decade.

Other opportunities exist in developing and 
marketing the expertise to deal with climate change. 
Maine already has significant economic activity in its 
energy and environment clusters, including a significant 
environmental engineering industry. In addition, the 
worldwide demand for environmentally and energy 

efficient products is likely to grow significantly in response to 
climate change issues, creating significant opportunities for 
Maine firms that can tap these markets (Colgan et al. 2008b).

Knowledge gaps
One of the most significant economic questions emerging 
from the issue of climate change is how to respond to climate 
change when the most significant effects may be decades 
away, but the costs of mitigation and adaptation must be 
borne today, when resources to meet critical social, economic, 
and environmental needs are already short? Economists are 
criticized for believing that costs to be incurred in the far distant 
future are worth less than costs to be paid now, implying that the 
future consequences of climate change should be disregarded. 
Positive net economic benefits could result if the right choices 
on mitigation and adaptation are made, even while society 
continues to debate whether to make those choices, given the 
many uncertainties in the exact extent and timing of climate 
change (Nordhaus 2008).   

Maine people are challenged to reduce the causes of 
climate change by reducing greenhouse gas emissions, while 
simultaneously adapting to a changing climate that is already 
reflecting our history of escalating greenhouse gas emissions 
from the past century or longer.
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Historically, Maine has shown regional and national leadership in addressing environmental issues, and we continue to do so in 
the context of climate change associated with greenhouse gas emissions (see box). Maine conducted its first emissions inventory in 
1995 (Figure 27), and Maine’s Climate Action Plan is a pioneering initiative focused on reducing greenhouse gas emissions to limit 
the degree of climate disruption. However, evidence from ecosystem research and the climate record shows that Maine is already 
experiencing a changing climate, consistent with global warming predictions, perhaps at rates not experienced in modern times. We 
also know that given the amount of CO2  already in the atmosphere, some degree of continued climate change is expected in the 
coming centuries. 

Consequently, Maine needs to expand climate planning beyond mitigation to encompass adaptation to the changes that are 
inevitable, and to capture the economic and management opportunities presented by our changing chemical and physical climate. 

Natural climate change and accompanying changes in ecosystems have defined Maine’s landscape through geologic time. One 
major difference today is that more than 1.3 million people in Maine depend on the ecosystem services and natural resource-based 

economy that has been defined by the climate of the 20th 
century. The current challenge for Maine is to minimize the 
disruption to society and Maine’s economy during a period of 
rapidly changing climate. A successful strategy for addressing 
both climate change and related energy concerns will identify 
and pursue new opportunities during this period of transition. 
The purpose of this initial assessment was to begin a dialogue 
that brings together a broad range of expertise to transform 
existing knowledge into meaningful and productive change.

V Conclusion: Maine’s Leadership on Climate Issues

-5000

0

5000

10000

15000

20000

NetLand UseAgricultureWasteIndustryEnergy

Th
ou

sa
nd

 to
ns

 o
f C

O
2 e

qu
iv

al
en

t

Sector

Maine Greenhouse Gas Emissions, 1995

Maine Greenhouse Gas Emissions, 1990

Figure 27   Maine’s initial (and thusfar only) greenhouse gas emissions inventory conducted in 1995 using 
1990 data (Simmons and Bates 1995). Total emissions from fossil fuel energy combustion are captured 
in the “Total Energy” column. Additional emissions are from non-combustion sources such as methane 
produced from waste and agricultural operations. Forest carbon storage increases are estimated to offset 
about 12% of total emissions.  

A Timeline of Maine’s Climate 
Actions (from Brooks 2008) 
1995	 First statewide greenhouse gas emissions inventory.

2000	 State Planning Office drafts a Climate Action Plan.

2001	 Governor King joins other Northeastern US governors 
and Eastern Canadian premiers in agreeing to regional 
greenhouse gas reduction goals.

2003	 The Maine Legislature enacts the first state law to 
address climate change. Public Law 2003, Chapter 237, 
An Act to Provide Leadership in Addressing the Threat 
of Climate Change (38 MRSA §574-579), required the 
Department of Environmental Protection to develop and 
submit a Climate Action Plan for Maine with the goal of 
reducing emissions to 10% below 1990 levels by 2020 
and, in the long term, “reduction sufficient to eliminate 
any dangerous threat to the climate. To accomplish this 
goal, reduction to 75% to 80% below 2003 levels may be 
required.” 

2004	 Climate Change Action Plan is finalized.

2007	 Maine becomes a charter member of The Climate 
Registry.

2007	 Maine and other states adopt legislation to implement 
the Regional Greenhouse Gas Initiative.

2008	 Governor Baldacci asks the University of Maine to draft 
an initial assessment of climate-related changes in Maine 
ecosystems.

2008	 Maine takes part in the nation’s first regional greenhouse 
gas emissions auction. 
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Appendix  Methodology For Climate Change Projections

Author  Shaleen Jain

 Greenhouse gas concentrations up to the year 2000 are 
observed values; thereafter, the concentrations are based upon 
the Special Report on Emission Scenario A1B (Meehl et al. 
2007; see below). This scenario results in a CO2 concentration 
of about 700 parts per million by the end of the 21st century 
(current concentration is 387 parts per million). The spatial 
resolution of the models is approximately 2° latitude by 2.5° 
longitude, which smooths topography and uses area-averaged 
representations of land and atmospheric processes.

Model Name 
(Country of Origin)

# of 
Runs

Run Duration Year 
start end

CCSM3, (USA) 6 1870 2099

CGGM 3.1, T47 (Canada) 1 1850 2100

CNRM-CM3 (France) 1 1860 2209

ECHAM5/MPI (Germany) 3 1860 2200

ECHO-G (Germany/Korea) 3 1880 2099

FGOALS-g1.0 (China) 1 1850 2199

GFDL-CM2.0 (USA) 1 1861 2200

GFDL-CM2.1 (USA) 1 1861 2300

GISS-AOM (USA) 2 1850 2100

GISS-EH (USA) 3 1880 2099

GISS-ER (USA) 2 1880 2200

INM-CM3.0 (Russia) 3 1871 2200

IPSL-CM4 (France) 1 1860 2100

MIROC3.2-hires (Japan) 1 1900 2100

MIROC3.2-medres (Japan) 3 1850 2100

MRI-CGCM2.3.2 (Japan) 5 1901 2100

PCM (USA) 4 1890 2099

UKMO-HadCM3 (UK) 1 1860 2199

Total: 42

Table A1  Individual Model Information. Organized table for the 42 model simulations used. Model names, 
country of origin, number of runs for each model, and year of the beginning and end of the simulations are 
shown. In the case where models having multiple runs run different lengths of time, the period common to 
all simulations is shown.

Historical data
Changes in Maine’s climate were analyzed based on temperature 
and precipitation records from NOAA’s National Cl imatic Data 
Center. Linear trends for the 1895-2007 period were computed 
based on area-averaged monthly data for the three climate 
divisions (Northern, Southern Interior, and Coastal; above). 
These climate divisions span 54%, 31%, and 15% of the state’s 
total area, respectively. 

Although climate division data provide only a broad 
view of the climatic variation within the state, this dataset is 
considered a benchmark for monitoring and assessing long-
term changes. Weather stations representative of the general 
climatic characteristic of a division are used in computations 
of the divisional averages. Furthermore, care is taken to adjust 
the records for reporting errors, and eliminate systematic biases 
and errors stemming from the time of observation, station 
relocation, and instrument change. As with most other climatic 
records, the quality and density of weather station data were 
somewhat sparse during the first half of the 20th century; as a 
result, for the pre-1931 period, simple averaging of all available 
data in the state was used to determine the divisional estimates 
(Guttman and Quayle 1996).

Climate model simulations
As part of the World Climate Research Program’s Coupled 
Model Intercomparison Project, a coordinated effort led to the 
latest compilation of 42 simulations (from 18 different Coupled 
Atmospheric Ocean General Circulation Models, some of which 
are run multiple times) of the Earth’s past, present, and future 
climate (see Table A1 for details; also Chandler 2008). 
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Emissions Scenario for the 21st century (A1B)
One important assumption used in the Coupled Model 
Intercomparison Project models involves the concentrations of 
CO2 for each year in the 21st century. The different projections 
for greenhouse gas emissions are shown in Figure A1; Scenario 
A1B (green) is used for all models in this assessment. Each 
scenario is based on different projections of demographic 
development, socioeconomic evolution, and future 
technologies. None of the scenarios are asserted to be the best, 
because the variables involved are highly uncertain. All scenarios 
are equally likely, according to the IPCC. Scenario A1B is 
utilized herein because it is considered a medium projection 
(Meehl et al. 2007).

Scenario A1B assumes a future world of rapid economic 
growth. The world gross domestic product is assumed to grow 
to approximately $56 trillion (based on 1990 US dollars) in 

2020, $181 trillion by mid-century, and $529 trillion by 2100. 
One major theme includes the declining wealth gap between the 
richest nations and those still developing. The ratio of the per 
capita income in the developed and transitioning countries to 
those in development is 6.4 in 2020, 2.8 in 2050, and 1.6 by the 
end of the 21st century.   

World population is projected to increase at slower rates, 
until a peak of 8.7 billion around 2050. Energy consumption 
is expected to triple between 2020 and 2100, from 711 x 1018 
joules ( J) in 2020, to 1347 x 1018 J in 2050, and 2226 x 1018 J in 
2100. Another major theme of this scenario involves the quick 
development of non-fossil fuel related energy sources. A balance 
of energy sources is assumed. The fraction of energy derived 
from zero carbon sources grows from 16% in 2020 to 36% by 
mid-century to 65% by 2100.   

G
lo

ba
l G

H
G

 e
m

is
si

on
s 

(G
t C

O
2-e

q/
yr

)

Year

200

180

160

140

120

100

80

60

40

20

0
2000 2020 2040 2060 2080 2100

post-SRES 
range (80%)
B1
A1T
B2
A1B
A2
A1FI

post-SRES (max)

post-SRES (min)

Figure A1  Projected global greenhouse gas emission scenarios, 2001 to 2100 (IPCC 2007a). The effects 
of anthropogenic forcing are evident in the models. The 5th and 95th percentile range of models using only 
natural forcing (solar and volcanic) is in blue, and the same ranges for models that also include greenhouse 
gas forcing in pink.   

21st Century Global Emission Scenarios
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