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by supporting the timely implementation of adap-
tation plans, particularly in vulnerable sectors and
communities. The degree of adaptation the region
will need depends substantially on our near-term
success in reducing emissions.

We must ask ourselves whether, by mid-century,
we will be well on our way to making the neces-
sary cuts in emissions and effectively addressing
unavoidable changes, or only belatedly coming to
terms with the costly, socially disruptive, and techno-
logically daunting consequences of continued high
levels of emissions. Addressing many of the chang-
es anticipated in this report would be significantly
more manageable and affordable under the lower-
emissions scenario than under the higher-emissions
scenario, and even deeper reductions than those as-
sumed by the lower-emissions scenario are feasible.

Taking action to prepare for the likely conse-
quences of climate change, while not cost-free, can
prove to be less expensive than the economic dam-
age that would result from doing nothing.>*** Less-
affluent people and communities, even in relatively
wealthy regions such as the Northeast, will be among
the hardest hit by global warming in part because
they can least afford to prepare for or cope with the
impacts (such as extreme heat) once they occur.
Similarly, small or geographically isolated business-
es may have fewer resources and available options
for coping with climate change. And, as this report
makes clear, some economically important species
such as cod and lobster as well as other species of
great intrinsic value such as the Bicknell’s thrush will
soon cross climate-related thresholds beyond which
they will lose critical habitat or other conditions nec-
essary for their continued survival. (See the forests
and marine chapters.)

We therefore have a moral obligation to focus
attention on the plight of vulnerable communities,
sectors, and ecosystems and to increase their resil-
ience to climate change—an outcome essential to
the economic and ecological sustainability of the
region as a whole. Decision makers, however, need a
better understanding of the factors that contribute
to climate vulnerability and the full suite of options
that are available to reduce that vulnerability. Well-
designed social or resource-management policies,
forinstance, could substantially enhance the region’s
ability to adapt.

Moving swiftly to reduce vulnerability is also
smart economics. For example, governments, busi-
nesses, and communities that plan ahead will be

In 1996 New York dairy farmer Bob Aman installed a
manure storage and anaerobic digester system to reduce
odors on his 500-cow property. In 2004 the generator pro-
duced nearly 400,000 kilowatt-hours of electricity, more
than what the farm used that year.

Renewable Energy
on the Farm

Methane recovery. In 2006 the Shrack family farm
in Loganton, PA, started using an anaerobic digester
to capture methane gas from cow manure and use
it to produce electricity. Waste heat is used in part to
replace oil-generated heating on the farm. The elec-
tricity generated by the system displaces electricity
formerly drawn from the grid, reducing CO, emissions
by an estimated 630 tons per year, and also avoids the
release of methane emissions equivalent to an esti-
mated 1,550 tons of CO, per year.>*

Biofuels. Boiling tree sap to produce maple syrup
is an energy-intensive process, so Dan Crocker, the
largest maple syrup producer in southern Vermont
(with an average output of 5,500 gallons per year), has
converted his sugar house to run on used vegetable
oil collected from local restaurants rather than regular
fuel oil. Because vegetable oil is derived from plants
its combustion adds little CO, to the atmosphere com-
pared with oil derived from fossil fuels. Crocker also
saves money because the used vegetable oil is about
a dollar per gallon less expensive than regular oil. >

Some vegetable farmers in Vermont, such as Rich-
ard Wiswall and John Williamson, have also begun us-
ing vegetable oil to heat their greenhouses and run
farm equipment. Wiswall collects used oil from local
restaurants’ deep fryers and makes his own biodiesel
from it. Williamson is attempting to achieve energy
independence for his operations by growing high-
energy oilseed crops such as canola and mustard to
produce biodiesel, and also ferments sorghum to pro-
duce ethanol.*
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positioned to take advantage of the possible ben-
efits of climate change, as in the case of fishing
communities that face the loss of nearshore lob-
ster fisheries but could instead harvest high-value
shellfish better adapted to warm water (or further
diversify their fishing fleets to take advantage of
warm-water fish moving north). Similarly, many
communities in the Northeast that are modernizing
their water and sewer infrastructure could protect
their investments by incorporating near-term pro-
jections of more extreme rainfall into their plans.

In other words, decision makers should draw on
our best scientific understanding of climate change
and societal vulnerabilities, then carefully consider
the likely efficacy and broader implications of differ-
ent adaptation strategies. Policies that aim to reduce
the population, infrastructure, and economic activ-
ity in coastal floodplains, for example, must mini-
mize the negative impacts on local businesses, facili-
tate relocation to higher ground, provide adequate
compensation where necessary, avoid additional
environmental damage, and rehabilitate threatened
habitats.

With its successful high-tech sector, cutting-edge
public-health institutions, high-quality public edu-
cation, overall wealth, and enormous academic
“capital,” the Northeast has the capacity to meet the
challenge of climate-change adaptation. Yet, as in
other regions, this capacity has not always been
fully utilized. Instead, severe flooding in 2006, record-
setting nor'easters in the 1990s, and the ice storm
of 1998 illustrated the region’s vulnerability to such
extremes.

Global warming will create additional stresses
on people and their environment and place grow-
ing demands on the Northeast’s ability to anticipate,
prepare for, and respond to climate changes. Even
modest sea-level rise, for example, when combined
with storms similar in frequency and intensity to
those experienced today, can inflict heavy damage
on the region’s coastal infrastructure. Likewise, ex-
treme heat threatens the health of an aging popula-
tion. It is therefore not the region’s capacity to adapt
but its ultimate actions that will determine the se-
verity of global warming'’s impact on the Northeast.

A delay in preparing for anticipated changes—
or a continued reliance on infrastructure and emer-
gency response plans based on historical experience
rather than projected conditions—will increase the
region’s exposure to climate risks. The adaptation
strategies most relevant to (and feasible for) any

specific community or economic sector must be as-
sessed on a case-by-case basis that addresses the
various technological, policy, financial, social, eco-
logical, and ethical considerations. Any one of these
factors may impose important constraints on the
community’s ability to adapt.

Using technologies wisely

Technological solutions for reducing climate vulner-
ability include seawalls for protection against rising
seas, crop varieties better adapted to warmer condi-
tions and longer growing seasons, and air condition-

Beaches will become more vulnerable to erosion as
sea level rises, and neighboring homes will become
more vulnerable to damage from coastal flooding.
Efforts to replenish beach sand, like that undertaken
at Brant Beach on Long Beach Island, NJ (shown here),
can help protect property and coastal tourism.

As rising sea level drives greater erosion, however,
these efforts may need to be repeated much more
frequently and thus become more costly.

ing to cope with summer heat waves. Some technol-
ogies may provide only temporary relief or none at
all, or may have unintended side effects. Snow-de-
pendent winter recreation provides a good example
of the costs and limitations of using technology to
cope with climate change: snowmaking equipment
may provide an economically and technically feasi-
ble means of helping the alpine-skiing industry cope
with warmer winters (albeit with water and energy
costs and certain ecological implications), but it is
not a feasible solution for snowmobiling. (See the
winter recreation chapter.)

Even for industries where technological solu-
tions are available, managers must weigh the cost
and timing of the transition to new technologies
during what may be decades of quixotic weather.
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The frequency of droughts

is projected to increase

over the coming decades
under the higher-emissions
scenario, with little change
projected under the lower-
emissions scenario. Drought
and hot summer conditions
would increase irrigation
needs, particularly for grow-
ers of traditionally rain-fed
crops (common in the North-
east). Farmers may be able
to cope by investing in and
upgrading irrigation sys-
tems, assuming the up-front
and long-term operational
costs are within reach.

Because global warm-
ing is already upon us
and some amount of
additional warming is
inevitable, adapting to
higher temperatures
is now an essential
(and complementary)
strategy to reducing

emissions.

The commercial timber industry, for example, may
adapt to warmer winters by switching to equipment
that allows harvesting on unfrozen ground, but in-
dustry managers would need a clear climate signal
in order to make this costly change. (See the forests
chapter.)

Technological solutions can also seduce us into
believing that a problem can be solved at the opera-
tional level, without requiring
deeper systemic changes. Be-
fore embracing such solutions,
therefore, policy makers must
carefully weigh the environ-
mental and social consequenc-
es by asking a set of questions
starting with: who can afford
to adopt the technology and
who cannot? For example, are
small farms as able as large
farms to install costly air-
conditioning equipment that
would maintain dairy produc-
tion in a warmer climate?

Also, who first learns about
new technologies (e.g., new
genetic crop varieties, more efficient irrigation
technologies) and can afford to invest in them, and
at what pace? Does the technology (e.g., switch-
ing from cod to shellfish farming, investing in new

fishing boats and gear) strengthen or undermine the
social fabric of specific communities? What advan-
tages, disadvantages, or risks accrue to those who
adopt the technology first compared with those
who must wait? And finally, how can the prospects
for “win-win” conditions be enhanced? For example,
is it possible to ensure that bacteria engineered to
halt the spread of an invasive pest will not create
new ecological problems?

Addressing underlying social inequities

As the questions asked above suggest, the abil-
ity to cope with and adapt to change is highly vari-
able across populations, economic sectors, and
even geographic regions. Climate change thus has
the potential to aggravate resource constraints, so-
cial inequalities, and even public-health disparities
among different communities in the Northeast: the
region’s urban populations—particularly the elderly,
the very young, and the poor—suffer most from the
stress of extreme heat. (See the health chapter and
the text box on social vulnerability.)

In many instances, people’s vulnerability to cli-
mate change is related to limited and climate-sen-
sitive career options. Maine fishermen and women
who can no longer make a living off groundfish such
as cod, for example, have switched to lobster fishing,
but if this fishery should suffer from lobster-shell dis-
ease or a decline in the survival and growth of young
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lobsters, few income-generating alternatives will be
readily available. (See the marine chapter.)

[t must be noted that global warming also
presents opportunities to enhance economic devel-
opment, human well-being, and social and environ-
mental equity in the Northeast. In the countryside,
small family farms—often vulnerable to economic
trends and weather extremes—may be less capable
of responding to the demands of a changing climate
than industrial farms with greater resources, but the
fact that many small farms are highly diversified in
terms of the crops and livestock they produce could
position them to take advantage of changing oppor-
tunities. In cities, efforts to build emergency-re-
sponse systems and support networks (e.g., “buddy
systems” among neighbors during heat waves) may
yield dividends in the form of new and stronger
community ties. (See the health chapter.)

Strengthening policies and institutions

Institutions—not just physical organizations but the
regulations, rules, and norms that guide behavior—
can also influence people’s access to information
and therefore their ability to use that information in
decision making. Environmental-protection legisla-
tion, anti-discrimination policies, market regulations,

and common expectations about socially accept-
able behavior are all examples of such institutions.
Well-functioning institutions can provide stability in
an otherwise volatile environment, but when the en-
vironment changes fundamentally or rapidly—as is
expected during this century due to climate change,
especially if the higher-emissions scenario prevails—
institutions can fail to serve their intended functions
and hinder our ability to adapt.

In the marine sector, for example, federal policies
have prevented the Northeast’s fishermen and wom-
en from maintaining multiple fishing licenses and
switching between target species as conditions war-
rant—a practice commonly used in the past when
particular fish stocks declined in abundance. (See the
marine chapter.) In the face of declining commercial
fishing options due to climate change and other
environmental stressors, new adaptation strategies
may be needed, such as community-based fishery
management (which would involve authorities from
all levels of government and regional cooperatives).

In the Northeast’s heavily developed and dense-
ly populated coastal zone, options for managing the
mounting risks related to global warming are con-
strained by past developmentand land-use patterns,
coastal laws and regulations, and the expectations

Warming waters are
projected to change

the Northeast fishing
industry, placing added
pressure on both fish
stocks and those who
fish for a living. As

the Northeast climate
changes and certain
mainstays of the fishing
industry (such as lobster)
are pushed northward or
into deeper waters, some
fishermen and women
may be able to switch

to harvesting different
species, provided invest-
ments in new fishing
equipment are
affordable.
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How to Prioritize Adaptation Strategies

The various strategies with which states, business sectors, and communities in the Northeast can prepare
for climate change must be considered on a case-by-case basis. Each constituency is unique in the chal-
lenges it faces and its ability to adapt. However, the following principles can help set priorities:

1.

Monitor the changing environment. Decision makers and resource managers must keep informed
about the specific consequences of global warming for their region and areas of oversight. In particu-
lar, improved monitoring of both the climate and the condition of natural systems can give decision
makers clearer signals about the need for action and more time to formulate appropriate adaptation
strategies.

Track indicators of vulnerability and adaptation. Monitoring both the progress of specific adap-
tation strategies and the social factors that limit a community’s ability to adapt can enable decision
makers to modify adaptation strategies and improve outcomes.

Take the long view. Decisions with long-term implications (e.g., investments in infrastructure and cap-
ital-intensive equipment, irreversible land-use choices) must be considered in the context of climate
projections.

Consider the most vulnerable first. Climate-sensitive species, ecosystems, economic sectors, com-
munities, and populations that are already heavily stressed for non-climatic reasons should be given
high priority in policy and management decisions.

Build on and strengthen social networks. Ties between trusted individuals and organizations are
an asset for adaptation at the community level and within business sectors. Strong leaders can in-
spire organizations in times of difficult change, and well-connected and well-informed individuals can
disseminate information that may be critical for effective adaptation.

Put regional assets to work. The Northeast has an enormous wealth of scientific and technological
expertise in its universities and businesses that can be harnessed to improve our understanding of
adaptation opportunities and challenges.

Improve public communication. Regular, effective communication with and engagement of the
public on climate change helps build our regional capacity to adapt.

Act swiftly to reduce emissions. Strong, immediate action to reduce emissions, in the Northeast and
globally, can slow climate change, limit its consequences, and give our society and ecosystems a better
chance to successfully adapt to those changes we cannot avoid.

that past policies have fostered among property
owners. Coastal managers face an increasingly dy-
namic shoreline that will require regulations based
on projected risks rather than historic risks. (See the
coastal chapter.)

Institutional mechanisms such as “risk spread-
ing"—accomplished chiefly through insurance—
have the potential to ease the risks of climate change,
and as a center of the U.S. insurance industry, the
Northeast has an opportunity to play alead rolein
shaping theindustry’sresponse to climate change.
(See the text box on coastal insurance.) Insurance is

likely to play an important role in helping coastal
residents and businesses improve their ability to
cope with and recover from coastal storms. Public
education about the changing exposure to climate
risks along the Northeast’s coastline will also need
to be linked to strict enforcement of building codes
and land-use regulations, and perhaps mandatory
insurance coverage (especially for lower-income in-
dividuals).

In summary, industries, communities, and indi-
viduals in the Northeast have, over time, developed
ways to deal with the region’s highly variable climate.
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This proven adaptability suggests that the Northeast
has the resources and experience to cope with global
warming. Because of the rapid rate and widespread
impacts of the expected climate changes, however,
immediate and sustained action by policy makers
and resource managers—together with the engage-
ment of the region’s substantial scientific and tech-
nological expertise—will be needed to avoid the
most dangerous consequences of global warming.

CONCLUSION

Climate change represents an enormous challenge,
but the solutions are within reach if we act swiftly. Be-
cause global warming is largely caused by humans,
people also have the power to change its course.
Concerted actions to reduce heat-trapping emis-
sions—on the order of 80 percent below 2000 levels
by mid-century and just over 3 percent per year over
the next few decades—will keep temperatures and
the associated impacts from rising to the level of the
lower-emissions scenario used in this study.

Because global warming is already upon us and
some amount of additional warming is inevitable,
adapting to higher temperatures is now an essential
(and complementary) strategy to reducing emis-
sions. Delay in reducing emissions increases the
costs—and limits the feasibility—of adaptation,
while aggressive steps to reduce emissions improve
the likelihood that ecosystems and societies will be
able to find effective ways to adapt. For each ad-
aptation measure considered, policy makers and
managers must carefully assess the potential barri-
ers, costs, and unintended social and environmental
consequences.

Of course, actions in the Northeast alone will
not be sufficient to meet the climate challenge.
Fortunately, many other states are also stepping
up. California and several other states, for example,
have begun putting precedent-setting policies and
practices for reducing emissions into place. As both
a global leader in technology, finance, and innova-
tion and a major source of heat-trapping emissions,
the Northeast is well positioned to help drive further
national and international climate progress. As de-
scribed throughout this chapter, many individuals,
communities, businesses, and policy makers across
the region have already taken innovative steps to do
just that.

Now we must build upon these first steps
through a strong and sustained effort (well-coor-
dinated among governments at all levels, busi-

nesses, civic institutions, and individuals) to adopt
policies, programs, and practices that will accelerate
the adoption of clean, efficient energy choices and
timely, forward-looking strategies for adapting to
unavoidable climate changes.

The costs of delay are high. Given the century-
long lifetime of CO, in the atmosphere, the longer
we delay, the larger and more aggressive and costly
our emissions reductions will need to be in order to
limit the extent and severity of climate change. If,
for example, U.S. emissions continue on a “business
as usual” path through
2020, we would have
to reduce our nation’s
emissions about 9 per-
cent per year from 2020
to 2050 to avoid the im-
pacts described in this
report.

What is required is
an energy revolution of
the kind that occurred a
century ago as the na-
tion shifted from gas-
lights and buggies to
electricity and cars. In
1905 only 3 percent of
U.S. homes had elec-
tricity, virtually none
had cars, and few could
envision how these in-
novations would transform America and its econ-
omy half a century later. Similarly, slightly less than
3 percent of current U.S. electricity demand is met
by non-hydroelectric renewable energy, but the fact
that we accomplished a dramatic transformation of
our energy economy only a century ago suggests
that, with foresight and perseverance, we can do it
again.

The actions highlighted here for meeting the cli-
mate challenge are consistent with and complemen-
tary to other widely shared goals such as enhancing
our energy and economic security, creating jobs,
producing cleaner air, and building a more sustain-
able economy (the Northeast has very little fossil-
fuel resources of its own). The Northeast’s states and
their municipal governments have a rich array of
proven strategies and policies at their disposal to
meet the climate challenge in partnership with busi-
nesses, institutions, and an increasingly supportive
public. The time to act is now.

Concerted actions to

used in this study.
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