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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
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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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 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). 

G
ro

w
in

g 
se

as
on

 (d
ay

s)

Northern
39.31˚F

41.13  inches

Southern 
  Interior

   43.15˚F
       44.12  inches

Coastal
44.30˚F

46.49  inches

Southern Interior

180

150

120

90

60
1850 1900 1950 2000

Year

G
ro

w
in

g 
Se

as
on

 
(d

ay
s)

Northern

180

150

120

90

60
1850 1900 1950 2000

Year

G
ro

w
in

g 
Se

as
on

 
(d

ay
s)

Coastal

210

180

150

120

90

60
1850 1900 1950 2000

Year

G
ro

w
in

g 
Se

as
on

 
(d

ay
s)

Northern
39.31˚F

41.13  inches

Southern
Interior

   43.15˚F
       44.12  inches

Coastal
44.30˚F

46.49  inches



72 Appendix

Maine’s Climate  Future Maine’s Climate Future

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.   
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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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