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Vermonters, age 12 and 11, ice fish in 1997, pulling in perch and rainbow trout. Winter recreation opportunities

could change dramatically in the lifetime of young residents of the Northeast, depending on emissions choices made
now and in the next several years.
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CHAPTER SEVEN

Impacts on Human Health

KEY FINDINGS

>» The Northeast is projected to experience dramatic increases in extremely hot days over the

coming century (particularly under the higher-emissions scenario), increasing the risk of heat-
related iliness and death among vulnerable populations, especially in urban areas.

Under the higher-emissions scenario, for example, Pittsburgh and the Concord/Manchester area
of New Hampshire could each experience roughly 25 days over 100°F every summer by the end
of the century, and typically cooler cities such as Buffalo could average 14 such days.

Global warming could worsen air pollution in the Northeast, creating more days when

national air-quality standards cannot be met (particularly under the higher-emissions scenario).
Deteriorating air quality would exacerbate the risk of respiratory, cardiovascular, and other
ailments in states such as Massachusetts, which already has the highest rate of adult asthma

in the United States.

In the Philadelphia metropolitan region, for example, the number of days failing to meet

the federal ozone standard is expected to at least quadruple by late-century under the higher-
emissions scenario if local vehicle and industrial emissions of ozone-forming pollutants are
not reduced.

Rising temperature and CO, levels could worsen pollen-based allergies across the Northeast,
particularly under the higher-emissions scenario.

Hotter, longer, drier summers punctuated by heavy rainstorms may create favorable conditions
for more frequent outbreaks of mosquito-borne diseases such as West Nile virus.

BACKGROUND In addition, outbreaks of many infectious dis-
Global warming is expected to increase the risk of ~ eases are related to particular types of weather that
many types of weather- and climate-related illnesses ~ will be affected by global warming. Waterborne
—and death—for people living in the Northeast.  diseases, for example, often coincide with extreme
The IPCC’s latest assessment of such risks across all ~ rainstorms, heavy runoff, and warmer temperatures.
of North America' found that urban areas will likely ~ The range and incidence of vector-borne diseases
suffer more severe and longer heat waves, leadingto  (i.e., those transmitted from animals to humans by
a greater incidence of illness and death, particularly =~ mosquitoes and ticks) such as West Nile virus and
among the elderly and other vulnerable populations.  Lyme disease also vary with fluctuations in climate.
On the other hand, northern cities are also likely to ~ The IPCC projects that Lyme disease-carrying ticks
experience milder winters, potentially reducing could shift northward and other vector-borne dis-
cold-related illness and death.The IPCC noted aswell  eases could expand their range as winter tempera-
that lung-damaging air pollution from ground-level  tures rise. Finally, many coastal regions are expected
ozone could be exacerbated by a warmer climate, as  to face greater risks to human life and property from
could levels of airborne pollen. This may cause anin-  rising sea levels, higher storm surges, and changes in
crease in respiratory disorders such as asthma. the incidence and severity of flooding.?
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exposure to extreme heat (heat was a contributing
factor in the other third).> In 1995 a five-day heat
wave in Chicago generated maximum temperatures
ranging from 93°F to 104°F and caused an estimated
700 deaths.* This event was an unwelcome preview
of the temperature extremes and public-health chal-
lenges that are expected to intensify with global
warming.

For example, as the entire nation sweltered dur-
ing the summer of 2006, New York City experienced
two heat waves—a three-day period in July and a
10-day period in July and August when maximum
temperatures soared to 90°F or higher each day—
that produced the city’s highest death toll from heat
stroke in more than half a century. Of the 46 people
who died, more than 80 percent were age 50 or old-
er, 68 percent had multiple medical conditions (most
often including heart disease), and only two people
had working air conditioners. When city health offi-
cials looked beyond deaths directly related to heat
stroke, they estimated that the excessive heat during
the second heat wave drove the death rate from

Millions of People Live and Work in Northeast Cities natural causes 8 percent higher than on normal sum-
mer days—translating into the premature deaths of
100 people during the 10-day event.’

Heat waves are most dangerous in urban areas

because of the large concentration of potentially

Nearly 14 million people live in the urban centers of the Northeast—and
everyone feels the heat when summer temperatures soar. Projected increases
in extreme heat and potential reductions in air quality, especially under the
higher-emissions scenario, could lead city dwellers and visitors alike to
curtail time spent outdoors.

In the Northeast, the impact of global warming
on heat- and air pollution-related illness and death
has become a topic of increasing public concern.
Projecting how climate change may alter the fre-
quency and severity of heat waves and exacerbate
ground-level ozone pollution in the region’s major
cities was a principal focus of the NECIA modeling
conducted for this analysis. NECIA analyses also ex-
amined the potential for climate-driven changes in
airborne pollen and the incidence of vector-borne
diseases in the Northeast.

EXTREME HEAT

When we think of weather-related injuries and
deaths, tornadoes and hurricanes most often come
to mind as the primary culprits, rather than hot,
sticky summer days. Yet in six out of 10 recent years
(between 1993 and 2003) heat was the leading
weather-related killer in the United States. From
1999 to 2003 the nation reported 3,442 heat-related
deaths, two-thirds of which were directly caused by

vulnerable people (see the text box on social vulner-
ability and cities) and the so-called urban heat-island
effect, which drives both day and nighttime temper-
atures higher in cities than in suburbs and rural
areas. The effect occurs mainly because pavement
and buildings absorb and retain the sun’s energy
more effectively than fields and forests.

The effects of extreme heat and poor air quality
on human health already represent a growing prob-
lem for the Northeast, which now experiences on
average two more days each summer with tempera-
tures exceeding 90°F than in 1960. Currently, north-
eastern cities experience an average total of five
summer days over 90°F in the northern part of the
region and up to 20 such days in the more southerly
and inland areas. In terms of days over 100°F, some
cities including Buffalo do not currently experience
even one such day per summer while New York City
and Philadelphia experience an average of two.

Over the coming century, however, the number
of such extremely hot days is projected to increase
for the seven important northeastern cities (Boston;
Buffalo; Concord/Manchester, NH; Hartford; New
York City; Philadelphia; and Pittsburgh) that were
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FIGURE 12: Increases in Extreme Heat in Northeast Cities
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By mid-century most North-
east cities are projected to
experience an additional 20
to 40 days per year over 90°F

if higher emissions prevail.

the focus of NECIA research, most dramatically un-

der the higher-emissions scenario.®

* By mid-century most cities are projected to expe-
rience an additional 20 to 40 days per year over
90°F under the higher-emissions scenario. Under
the lower-emissions scenario an additional 10 to
20 such days are projected—still a substantial
increase.

* Bytheend of the century many of these cities are
likely to experience a total of more than 60 days
each year with temperatures over 90°F under the
higher-emissions scenario. Buffalo, one of the
more northern cities, is projected to experience
nearly 50 such days per year while Philadelphia
is projected to experience 82 such days. Under
the lower-emissions scenario most northeastern
cities are projected to experience at least 30 days
per year over 90°F by century’s end.

* The number of days per year over 100°F is likely
to be at least 20 by the end of the century under
the higher-emissions scenario and closer to 30 in
some cities (such as Philadelphia and Hartford).
If lower emissions prevail, however, the number
of such extremely hot days is projected to be far
smaller, ranging from three in more northern
cities up to nine in more southern cities.

Of course, how hot we feel in summer is a function
of both temperature and humidity; these are often
reported together in terms of heat index. For exam-
ple, the average daily summer heat index for Maine
is currently 81°F; for New Jersey it is 90°F. In other
words, this is how hot
summers feel in these
states.

Heat index can also
be used to project
changes in future sum-
mer climate. When
both rising tempera-
ture and humidity are
considered, future summers are likely to feel much
hotter than what the thermometer indicates. Under
the higher-emissions scenario, for example, people
in the Northeast can expect late-century summer
days to feel 12°F to 16°F hotter for the projected
increase in average summer temperatures of 6°F to
14°F. (See the climate chapter.)

Globally, as temperatures rise, a reduction in cold-
related deaths can be expected,” but in temperate
regions of the world (where populations are typi-
cally more prone to heat- than cold-related deaths),

Children, the Elderly, and the Poor
Are Most Vulnerable to Extreme Heat

Very hot days can be more than unpleasant; they can be

extremely dangerous. As the number of these days increases

(most dramatically under the higher-emissions scenario)

so does the risk of heat stress and even death. To lessen the

impact on the region’s most vulnerable people—children,
the elderly, and the poor—cities and towns across the
region must improve their preparations for coping with
extreme heat.

such as the Northeast, this reduction will likely not
be large enough to offset heat-related mortality.®®
With an aging population, aging infrastructure,
and a health-care system already under strain, the
Northeast faces a serious threat from these pro-
jected increases in extreme heat, particularly under
the higher-emissions scenario. If emissions go un-
checked, the number of days over 90°F in many cities
is projected to triple or quadruple by mid-century.
The difference between emissions scenarios is best
exemplified by the projected increase in dangerous-
ly hot days over 100°F, which can be largely avoided
if we move swiftly onto a path of lower emissions.
(See the Meeting the Climate Challenge chapter.)

Vulnerability and adaptation

In light of the United States’ rapidly growing elderly
population, more and more people will become vul-
nerable to heat stress. In 2003, people older than 65
represented roughly 12 percent of the U.S. popula-
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tion and, of these, about 80 percent had at least one
chronic health condition.' By 2030 this age group is
expected to nearly double in size (to roughly 20 per-
cent of the population). The Northeast’s population
is already somewhat older than the rest of the coun-
try: nearly 14 percent of residents are older than 65.
Moreover, this aging population resides in cities and
towns that have not consistently coped well with the
heat waves the region has seen to date."

As the population ages, the demand on health-
care facilities will increase, and the additional effects
of climate change could intensify that demand in the
coming decades. A recent report on the state of U.S.
emergency-room care concluded that the system is
“overburdened and underfunded” and “lacks stabil-
ity and the capacity to respond to large disasters or
epidemics."’? Against today’s backdrop of limited ca-
pacity in the health-care system, the added burden
of climate change is cause for concern.

How many people are likely to suffer or die in
dangerously hot conditions depends not only on the
specific temperature and their amount of exposure
and degree of sensitivity to heat, but also on how
well equipped they are to cope. In other words, peo-
ple can adapt to increases in extreme heat through
air conditioning, better insulation, expanded public
health education, implementation of warning sys-
tems, and increased access to cool public spaces.
Heavier reliance on measures such as air condi-
tioning, however, could have the negative effect of
increasing heat-trapping emissions.

As of 2001 only 14 percent of homes in the New
England states had central air conditioning, while
an additional 44 percent utilized single-room units.
Overall, 58 percent of New England homes had
some form of air conditioning, compared with 77
percent of homes nationwide.” As a result heat-re-
lated deaths are often lower in southern cities where
people have adapted to hotter summers through
both widespread use of air conditioning and physi-
cal acclimatization. Regardless, heat-related deaths
can be especially high wherever large numbers of
elderly people reside.'

Air conditioning may be an important tool in cop-
ing with extreme heat but it is not a simple fix given
the dangerous brownouts and blackouts created by
peak electricity demand in summer, which could in-
crease along with rising temperatures. A recent
study of electricity demand in New York City and its
surrounding counties under different climate pro-
jections found that peak demand on a 101°F day with

Health Effects of Extreme Heat

Heat stress, heat exhaustion, and life-threatening heat
stroke can occur as the human body tries to cool itself
during prolonged periods of extreme heat. The body
first increases blood flow to the skin, thereby reducing
the flow to muscles, the brain, and other organs, which
can cause fatigue and light-headedness. If intense heat
continues, the body begins drawing water from the
bloodstream to form sweat, which cools the body as
it evaporates from the skin. If a person does not drink
enough fluids while sweating, blood volume declines
until the body is no longer able to cool itself, which can
eventually cause brain damage and death. Those most at
risk from extreme and unrelenting heat include the elder-
ly, the poor, young children, and people who already suf-

fer from certain illnesses (particularly heart disease).”

80 percent humidity would be nearly 40 percent
higher than on an 85°F day with 40 percent humidity.'s

An effective system for protecting public health
that combines heat warnings with outreach directed
at the most vulnerable urban dwellers has already
been implemented in more than two dozen cities
around the world.”” Philadelphia, once known in
some circles as the “Heat-Death Capital of the
World,"'® was the first to adopt such a system (start-
ing in 1995). The city focuses its efforts on the elderly,
homeless, poor, and other socially isolated popula-
tions; during a heat alert, health-department staff
visit elderly residents in their homes and reach out
to the homeless; electric utilities are barred from
shutting off services for non-payment; and senior-
citizen centers and other public places with desig-
nated spaces for cooling off extend their hours. The
plan has proven to be a cost-effective means for sav-
ing lives."

Adoption of similar public-health programs
could help other cities in the Northeast reduce the
adverse health effects of extreme heat, but such adap-
tation measures cannot eliminate the threats posed
by the most severe climate changes (as projected
under the higher-emissions scenario). Although re-
cent emissions guarantee some increase in heat
waves, swift action to reduce emissions can help the
region avoid even more dangerous, and potentially
deadly, heat.
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AIR QUALITY

Air pollution from ground-level ozone and fine par-

ticulate matter (such as soot)—primary components

of smog—is already a serious concern throughout

most of the Northeast. In 2004, for example, the U.S.

Environmental Protection Agency (EPA) found at

least part of every state in the region except Vermont

to be out of compliance with its ground-level ozone
standards (which limit average ozone concentrations
to 0.08 part per million over an eight-hour period).

Since then, the Northeast’s states have been work-

ing to improve their air quality and, by the end of

2006, ozone concentrations in Maine had improved

enough to meet the EPA standard.?**' However, the

region still hosts five of the nation’s 25 most ozone-
polluted metropolitan areas:?

* New York City-Newark-Bridgeport (encompass-
ing counties in Connecticut, New Jersey, New
York, and Pennsylvania; #9 overall)

* Philadelphia-Camden-Vineland (encompassing
counties in Delaware, Maryland, New Jersey, and
Pennsylvania; #10 overall)

e Pittsburgh-New Castle (Pennsylvania; #17 overall)

* Youngstown-Warren-East Liverpool (encompass-
ing counties in Ohio and Pennsylvania; #20 overall)

* Buffalo-Niagara-Cattaraugus (New York; #5 overall)

Smog Blankets Philadelphia

As the country’s tenth most ozone-polluted metropolitan
area, Philadelphia is sadly accustomed to smog—a potent
combination of ground-level ozone and fine particulate mat-
ter (such as soot). Such conditions are projected to become
more commonplace, particularly under the higher-emissions
scenario, unless local vehicle and industrial emissions of
ozone-forming pollutants are greatly reduced.

breathing, and people with asthma may require a

Reduced air quality is already putting large num-
bers of people in the region at risk from respiratory
ailments such as asthma, chronic bronchitis, and
emphysema.?®* On days when ozone and/or fine par-
ticulate-matter concentrations are elevated, both
children and adults are more likely to have difficulty

visit to the emergency room. High humidity levels
and temperatures (i.e,, high heat-index values) exac-
erbate the effects of poor air quality.

Ozone concentrations are determined by a
number of factors including local meteorological
conditions, local vehicle and industrial emissions of

An Increasingly Common
Sight in the Northeast?

Poor air quality puts large numbers
of people in the region at risk from
respiratory ailments such as asthma,
chronic bronchitis, and emphysema.
Today, one in four children in Harlem
suffers from asthma.?* On days with
poor air quality, which could increase
due to global warming, both children
and adults are more likely to have
difficulty breathing, and people with
asthma may require a visit to the
emergency room, where this Harlem
mother and her child find themselves.
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ozone-forming pollutants (or “precursors”) such as
nitrogen oxides (NOx) and volatile organic com-
pounds, and pollution blown in from out of state.
Summer weather is especially conducive to high
ozone levels.”®

Several recent studies indicate that temperature
increases and other climate changes are likely to ex-
acerbate air-pollution problems and make it more
difficult for Northeast cities to meet regulatory stan-
dards by:2627.28
e Accelerating ozone-forming chemical reactions

in the atmosphere
* Increasing the frequency and duration of air stag-

nation, which allows pollution to accumulate
* Increasing the emissions of natural ozone precur-
sors (volatile organic compounds) from
plants
Some climate models also project reduc-
tions in summer cloudiness, which would
further accelerate chemical reactions by
increasing solar radiation.”

Through these mechanisms, global
warming is expected to worsen air quality
in the region and counteract the positive
effects of lower emissions of nitrogen ox-
ides and other ozone precursors that might
be gained through stringent regulation.
This means that under future climate con-
ditions, policies designed to improve the
Northeast’s air quality will require even
greater reductions of ozone precursors
than would be needed today to achieve
the same result. One recent study, for ex-
ample, found that warming in the Midwest
through mid-century is projected to re-
quire a 25 percent greater reduction in NOx
emissions than would be needed today to
achieve the same improvements in air
quality.®

% change in ozone concentration

% change in ozone concentration

Projected changes in ozone levels
A combination of global and regional mod-

exceeds federal regulatory standards (in terms of
mean summer daily and eight-hour maximum ozone
concentrations) are projected to increase, particu-
larly under the higher-emissions scenario used in
this study. By the end of this century, unless local
vehicle and industrial emissions of ozone-forming
pollutants are substantially reduced:

* The number of days when the EPA’s eight-hour
ozone standard is exceeded in the Northeast is
projected to increase by more than 300 percent
under the higher-emissions scenario, compared
with a 50 percent increase under the lower-emis-
sions scenario.

* Both mean daily and eight-hour maximum

CONTINUED ON PAGE 100

FIGURE 13: Increasing Risk of Poor Air Quality
in Northeast Cities

Philadelphia

els can be used to project the impacts of
global warming on the Northeast’s air qual-

lower-emissions scenario M higher-emissions scenario

ity.33233The projections used in this assess-
ment focus only on the effects of changes
in climate and assume that regional releas-
es of ozone precursors remain fixed at pres-
ent-day levels.3

Under these conditions, the number
and duration of episodes in which ozone

% change in ozone concentration

% change in ozone concentration

Boston

New York City

Hotter summers could set the stage for an increase in the number of days that fail
to meet federal air-quality standards. In the absence of more stringent controls on
ozone-forming pollutants, the number of days with poor air quality is projected

to quadruple in Boston, Buffalo, New York City, and Philadelphia under the higher-
emissions scenario. Under the lower-emissions scenario such days could increase
by half. These graphs show the average projected change in eight-hour maximum
ozone concentrations for each city.
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Allergies and Asthma on the Rise

From the sniffling and sneezing of seasonal hay fe-
ver to life-threatening asthma attacks, allergy-re-
lated diseases rank among both the most common
and the most costly chronic illnesses affecting the
U.S. population. Nearly 40 million people suffer from
hay fever, which causes an estimated 4 million lost
days of work and school each year;* asthma afflicts
about 25 million Americans, including 9 million chil-
dren and 16 million adults.®

Nearly 1 in 10 people in Connecticut, Maine,
Massachusetts, New Hampshire, and Rhode Island
suffer from asthma—a higher rate than the national
average of 1in 12.3 Asthma is the most common
chronic disease among children, and poor inner-city
children are most at risk; a 2003 study diagnosed
asthma in a startling one-quarter of the children in
New York City’s central Harlem district.?®

While the causes of allergic diseases are com-
plex—asthma is believed to require both a genetic
predisposition and exposure to certain conditions
during early childhood—we do know that indoor
and outdoor air pollutants can trigger attacks and
may even promote the development of these dis-
eases.* Rising temperatures and changing precipita-
tion patterns associated with global warming are ex-
pected to alter the amounts and timing of airborne
allergens such as pollen grains and perhaps fungal
spores, which in turn could exacerbate allergy symp-
toms and possibly the incidence of allergic diseases
across the Northeast.*

Late Spring Pollen Coats a River

Warmer temperatures and higher CO,
levels are expected to increase production
of pollen allergens.

Pollen grains from different plant sources give
rise to three distinct hay fever seasons in the North-
east: tree pollen in spring, grass pollen in summer,
and ragweed pollen in fall. Traits such as growth
rates, bloom times, pollen production, and geo-
graphic distribution in all of these plant types can be
altered by both higher air temperatures and atmo-
spheric CO, levels (which are responsible for much
of the warming).

Effects of temperature and CO,

Rising temperatures are expected to trigger an ear-
lier onset of the spring allergy season and could lead
to higher pollen-production rates in some plants. In
Europe, for example, warming trends over the past
35 years have been linked with earlier spring flower-
ing and pollen release in birch trees, a known source
of allergenic pollen.*' Likewise, western ragweed re-
sponds to simulated increases in summer tempera-
tures with accelerated growth and an 85 percent
boost in pollen production.*? As temperatures in the
Northeast continue to rise and spring arrives ever
earlier, a number of other weed species are likely to
experience increased growth and pollen production
as well.#

Rising CO, levels in the atmosphere not only
worsen allergies indirectly by driving temperatures
higher but also directly by increasing many plants’
flowering and pollen-production rates. Experiments
have indicated that CO_-enriched air can increase
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the allergenic potential of poison ivy* and aller-
genic-pollen producers such as ragweed and pine
trees.*“¢ Loblolly pines, for example, produce pollen
at a younger age and in greater quantities in CO,-
enriched air.*’ Similar findings for common ragweed
suggest that this weed may not only be germinating
earlier due to recent warming, but also producing
more flowers and pollen in response to increasing
CO, levels #4250

Indeed, ragweed that already grows in the North-
east’s heavily urbanized areas may be a harbinger of
what lies ahead for the region’s allergy sufferers. In
Baltimore, where CO, levels are approximately 25
percent higher than in the surrounding countryside
(511 versus 389 parts per million) due to higher lev-
els of car exhaust and industrial emissions, and tem-
peratures are higher due to the urban heat-island
effect, ragweed flowers significantly earlier and pro-
duces more pollen than ragweed growing in nearby
rural and semi-rural areas.”’

Generally speaking, urban CO, levels in the
Northeast are already 15 to 25 percent higher than
rural levels. Under the higher-emissions scenario
these present-day urban CO, levels would be expect-
ed across the entire region within the next several

Increased Temperature and

CO, Levels Drive Greater Pollen
Production

Plants such as ragweed (pictured here)
are projected to increase production of
pollen, likely translating into more—and
more severe—asthma and other allergy-
related disease in the Northeast. In some
urban areas, nearly one in three children
suffer from asthma or asthma-like symp-
toms,>® and across Maine, New Hampshire,
Massachusetts, Connecticut, and Rhode
Island nearly 1 in 10 adults has been
diagnosed with asthma.

decades. By the end of the century CO, levels would
climb to more than double their present-day urban
levels. Under the lower-emissions scenario CO, levels
would also reach present-day urban levels, although
not until mid-century or later.

Pollen production in the Northeast’s urban cen-
ters would likely continue to rise but at a gradually
declining rate, eventually reaching a saturation point
where no further increase would be observed.’
Thus, in just the next several decades, continued
high emissions could drive a significant boost in pol-
len-based allergies.

As both temperatures and ambient CO, levels
rise, increases would be expected across the North-
east in both the production of pollen grains and,
potentially, the allergenic potency of individual pol-
len grains. This in turn may exacerbate wind-borne,
plant-based allergies across the region and increase
exposure to pollen associated with respiratory
problems. Combined with other global warming-
influenced factors such as air pollution, an increase
in airborne allergens would likely translate into an
increase in the incidence and severity of asthma and
other allergic diseases in the Northeast.
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ground-level ozone concentrations are projected
to increase 10 to 25 percent under the higher-
emissions scenario and 0 to 10 percent under the
lower-emissions scenario.

* In Boston, eight-hour maximum ground-level
ozone concentrations are projected to increase
13 to 21 percent under the higher-emissions
scenario and 0 to 5 percent under the lower-
emissions scenario.

* In Buffalo, ozone concentrations are projected
to increase 12 to 29 percent under the higher-
emissions scenario and 0 to 8 percent under the
lower-emissions scenario.

* In New York City, ozone concentrations are pro-
jected to increase 15 to 25 percent under the
higher-emissions scenario and 3 to 11 percent
under the lower-emissions scenario.

* In Philadelphia, ozone concentrations are pro-
jected to increase 17 to 26 percent under the
higher-emissions scenario and 4 to 11 percent
under the lower-emissions scenario.

Of course, climate change is not the only factor com-
plicating current efforts to improve air quality in the
Northeast. Clearly, stringent policies designed to re-
duce emissions of NOx and other ozone precursors
can be implemented to avoid the large increases in
ozone described above. Improving the region’s air
quality will therefore require concerted efforts to
reduce regional releases of ozone precursors as well
as the regional and global heat-trapping emissions
that drive climate change.

VECTOR-BORNE DISEASE
Compared with extreme heat, vector-borne diseas-
es cause relatively few deaths in the Northeast, yet
they tend to attract a great deal of media attention
and public concern. A number of high-profile infec-
tious diseases in the region are transmitted between
animal and human populations by means of blood-
feeding disease-carriers or “vectors” Mosquitoes,
ticks, and other vectors carry disease-causing bac-
teria and viruses and spread them to the animals
or people they bite (without suffering illness them-
selves). Global warming is likely to affect both the
incidence of such diseases already endemic to the
region and the introduction of new diseases. How-
ever, the complex interactions involved in spreading
these diseases make specific projections difficult.
Many vector populations, for instance, are ex-
tremely weather-sensitive. For some, expansion
into many northern areas of the continental United

Projected Northeast Climate
Could Set Stage for WNV Outbreaks

Climate projections point toward future conditions (warmer
winters, hotter summers, more frequent dry periods punc-
tuated by heavy rainstorms) that can set the stage for more
frequent human outbreaks of diseases such as the mosquito-
borne West Nile virus (WNV), particularly under the higher-
emissions scenario. WNV is often transmitted to humans by
the Culex pipiens mosquito (shown here). Current responses
to this threat include aerial pesticide spraying.

States is currently limited by cold temperatures. As
temperatures rise, vectors carrying encephalitis
viruses or malaria parasites may be able to spread
into these areas.”*>> Consider the role of one key vec-
tor: the mosquito. Warm summer conditions tend
to stimulate mosquito breeding and biting,*® and
summers are projected to arrive earlier in spring and
extend later into the fall, lengthening the mosquito
season. This could increase the risk of mosquito-
borne diseases such as West Nile virus (WNV), but it
must be noted that the risk of transmission depends
not only on temperature but also on the frequency
of extreme weather-related events such as seasonal
droughts and heavy rainfall—both of which are
projected to increase, particularly under the higher-
emissions scenario (see below).

In addition to climate change, the spread of vec-
tor-borne diseases often involves land-use changes
that create favorable habitats for various animals
that host a disease, the vectors that transmit it to
humans, or the disease-causing microorganisms
themselves. All of these organisms will be affected
both directly and indirectly by climate change, mak-
ing it difficult to quantify all of the potential changes
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in vector-borne disease risk that may be related to
global warming.

West Nile virus

The first U.S. outbreak of WNV occurred in New York
City in 1999, as the city experienced its driest and
hottest spring and summer in a century, followed by
drought-ending downpours.>”*%>° Within five years,
the disease had spread west across North America,
transmitted by mosquitoes that acquire the virus
from infected birds.

WNV causes no symptoms in 80 percent of the
infected human population, with most of the rest
experiencing only mild flu-like symptoms. One in
150 infected people, however, develop serious ill-
nesses including the brain inflammation known as
encephalitis. In 2005, 76 cases of WNV and eight
deaths were reported in the Northeast; 3,000 cases
and 119 deaths were reported nationwide. West
Nile-related health-care costs were estimated at
$200 million in 2002.%°

In Africa, Europe, Russia, and the Middle East—
where the U.S. WNV strain originated—outbreaks in
humans are associated with extreme heat and
drought, often followed by severe rainstorms.
Drought has recently emerged as a common fea-
ture of outbreaks in the United States as well.51626364
During a drought, birds migrate to wetter areas and
the mosquitoes that normally prey on birds switch
to humans.

WNV outbreaks also occur regularly in desert
regions where mosquitoes tend to concentrate in
wetter, human-occupied areas such as irrigated
fields and lawns, roadside ditches, and pools. The
hotter the temperature, the higher the probability
that a mosquito will transmit the virus when it
bites because heat increases the amount of virus it
carries.®

Climate projections used in the NECIA analyses
show a trend toward warmer winters in the North-
east followed by hotter summers, which will likely
feature more frequent dry periods punctuated by
heavy rainstorms that increase the risk of flooding.
These are the same conditions that can set the stage
for more frequent WNV outbreaks.5¢57% With the ex-
ception of heavy rainstorms, which are projected
to increase in frequency under either emissions

scenario, each of these climate changes is projected
to be more pronounced under the higher-emissions
scenario than under the lower-emissions scenario.
Understanding the conditions that signal an increas-
ing risk of outbreaks should allow communities in
the Northeast to prepare public-health measures that
will be more effective in reducing the risk.

Lyme disease

This bacterial infection transmitted by ticks has be-
come the most common vector-borne disease in the
United States. Although cases have been reported in
all 50 states, the Northeast accounts for 90 percent
of the more than 100,000 cases reported nation-
wide since 1982.% Because tick populations flourish
after mild, wet winters, it has been suggested that
increased winter temperatures and precipitation
could facilitate the spread of Lyme disease.

On the other hand, ticks prefer cooler tempera-
tures in summer, so the projected summer warming
in the Northeast could reduce tick populations and
disease risk.”® This, along with a combination of eco-
logical and human factors, makes it difficult to pre-
dict the net change in Lyme disease risk.”

Global movements of diseases, vectors, and host
species will be driven by changes in climate, land use
(as in the case of urban sprawl), and even inadver-
tent transport (e.g., WNV was likely transported to
New York City from the Middle East on an airplane
carrying an infected mosquito, person, or pet bird).
In terms of land use, vectors such as ticks, mosqui-
toes, and black flies tend to concentrate in the transi-
tion zones where roads, housing, and other human
developments encroach on natural ecosystems, bring-
ing people into greater contact with diseases that
were once confined to wildlife.”? For example, the
encroachment of suburban homes into former wood-
lands is linked with increased Lyme disease risk.”

Human activities will therefore tend to exacer-
bate the impacts of global warming on vector-borne
disease in the Northeast. Lastly, research suggests
that rapid genetic mutation has allowed certain
mosquito species to adapt to recent climate changes
in the Northeast (for example, mosquitoes are al-
ready better suited to the longer frost-free season in
Maine’s North Woods).”*
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Social Vulnerability and Climate Change in the Northeast’s Cities

People everywhere will be affected by global warm-
ing.Their vulnerability stems both from their location
and exposure to climate-related risks—e.g., those
situated in a floodplain—as well as from a range of
social, economic, and demographic factors.”

The experience of Hurricane Katrina in August
2005 offered a stark illustration of how these fac-
tors can come into play during climate-related di-
sasters,’® and the call to political leaders to address
the root causes of social vulnerability still reverber-
ates. The Northeast, home to more than 49 million
residents, faces a growing income gap between rich
and poor (and other social inequalities).”” These con-
ditions can affect the way in which individuals, fami-
lies, and communities in the region respond to ex-
treme weather such as heat waves, nor'easters, and
summer droughts (which are projected to increase
in intensity and frequency due to climate change).

A person’s or community’s vulnerability to weath-
er-related hazards is the result of three interacting
factors: exposure to risk (for example, living along
the flood-prone shore versus on higher ground, or in
older housing versus newer construction), sensitiv-
ity to the risk (for example, due to being older or in
poor health), and the ability to cope with and recover
from the event (for example, as a result of financial
well-being, literacy, political representation, and ac-
cess to transportation, communication, electricity,
and other resources).”®’® In general, a lack of material
resources and social networks translates into high
vulnerability.8%8!

New research conducted for this analysis used
neighborhood-level socioeconomic indicators to
identify socially vulnerable populations and locales
within the Northeast. This can help policy makers
determine which groups and areas need the most
assistance in coping with or adapting to a variety of
climate-related hazards.

The unique vulnerability of cities

Weather and climate in the Northeast do not affect
all parts of the region equally. While large cities often
possess substantial assets for coping with and adapt-
ing to climate change (e.g., responsive municipal
governments, vocal watchdog and advocacy orga-

nizations, significant financial resources or access to
state/federal resources), their existing physical and
socioeconomic infrastructure often increases expo-
sure to climate and weather risks. Highly urbanized
areas are particularly vulnerable to extreme heat, for
instance, while intensively developed communities
along the coast and in floodplains bear an elevated
risk of flood damage.

Moreover, densely populated and built-up areas
also tend to experience greater heat exposure. Dur-
ing back-to-back summer heat waves in 2006, for
example, the New York City metropolitan area was
much hotter at night than many surrounding com-
munities. On one typical night, LaGuardia Airport
in Queens registered 87°F at 10 p.m. while, just an
hour’s drive away, it was a comfortable 72°F in rural
Port Jervis, NY; this pattern persisted for days.

Why did the city not cool off at night? In big cities
the high concentration of heat-absorbing materials
(such as concrete, pavement, and brick) and con-
stantly active machinery that emits exhaust heat
(such as cars, trains, and air conditioners) causes
air temperatures to be considerably higher than
in more open, rural settings dotted with fields and
forests. This condition, called the urban heat-island
effect, traps heat over the course of a day and slowly
releases it after the sun goes down.

The resulting extremely hot conditions are par-
ticularly challenging at night, when people need re-
lief from high temperatures to maintain their health.
When this relief does not come, the risk of heat stress,
respiratory illness, and other ailments increases.
In Boston, Hartford, New York, and Philadelphia el-
evated heat-stress mortality rates are seen in certain
lower-income and immigrant neighborhoods, sug-
gesting that these communities are more socially
vulnerable to heat than others.®? Climate projections
show that extreme heat and heat stress will likely in-
crease in the Northeast’s cities. (See the text box on
the health effects of extreme heat.)

How can people cope with the looming health
hazard posed by rising temperatures? Increased air
conditioning on its own is not a solution, given the
associated costs, risks, and further contribution to
global warming. (See the section on extreme heat.)
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Urban Residents on the Front Line of Extreme Heat

Neighborhoods in the Northeast’s cities facing the greatest
risk from climate change (e.g., increases in extreme heat) are
typically characterized by factors such as a high percentage
of elderly people and people living in isolation, limited social
networks, and a high prevalence of existing health problems
(e.g., chronic illnesses such as asthma). More than 80 percent
of New York City residents who died as a result of the heat
wave that struck in 2006 were age 50 or older.

In contrast, early warning systems, communal spaces
for cooling off, and improved access to emergency
care (especially for the less affluent) are all elements
of an effective system for coping with extreme heat.
NECIA analyses found that neighborhoods in the ur-
ban centers of older cities in the Northeast are highly
vulnerable to climate-related hazards including ex-
treme heat.® These neighborhoods also face a mul-
titude of socioeconomic challenges such as poverty,
unemployment, and lack of access to quality educa-
tion, which are closely related to other factors that
directly determine vulnerability to climate change.
And, because these neighborhoods make up a small
percentage of their metropolitan area’s total popula-
tion, they can suffer from poor political representa-
tion. Public-policy solutions to these problems will
help lower these communities’ vulnerability to haz-
ardous climate conditions.

Strategies for reducing social vulnerability

in urban areas

Reducing social vulnerability requires addressing its
three underlying factors. Reducing people’s expo-
sure to climate-related risks can be addressed, for ex-
ample, through raising awareness of heat- or flood-
related risks, evacuating people from floodplains,
preventing development in hazardous areas when
possible, and providing access to spaces for cool-
ing off during prolonged periods of extreme heat.
Focusing on populations and communities that are
particularly vulnerable to climate-related hazards,
such as the elderly during heat waves, would ad-
dress sensitivity to risk. Finally, to enhance people’s
ability to cope with and recover from a climate-related
hazard, a wide variety of measures are necessary,
ranging from the immediate aid provided during
and after disasters to deeper societal changes that
enable and empower people to live safe and pro-
ductive lives. Examples may include greater access
to health or flood insurance, improving employment
and income levels, improving literacy and education-
al achievement, expanding access to transportation
and communication, and fostering social networks
so isolated individuals will not be forgotten or left
behind during emergencies.

Implementation of such measures needs to be
planned for and begun well before an emergency
arrives. Lowering exposure to extreme heat, for ex-
ample, can mean increasing the amounts of green
space and tree cover in cities, which reduce the urban
heat-island effect. New Jersey has planted thousands
of trees in its major cities, and New York City’s bor-
ough of the Bronx has developed a similar initiative.
Cities across the Northeast can also make affordable
energy-saving technologies and building supplies
available to low- and moderate-income apartment
dwellers and homeowners. Finally, “green” building
and infrastructure standards can produce build-
ings and sidewalks that stay cooler, use less energy,
and produce less exhaust heat. (See the Meeting the
Climate Challenge chapter.) Implementing measures
that reduce sensitivity or increase people’s ability to
cope and recover may take even longer lead times.
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Meeting the Climate Challenge
in the U.S. Northeast

KEY FINDINGS

» Continued heavy reliance on fossil fuels will keep the world on a higher-emissions pathway,
such as the scenario used in this assessment, and risk severe consequences for the Northeast’s
economy and well-being.

» Concerted action to reduce emissions in the Northeast—on the order of 80 percent below 2000
levels by mid-century and just over 3 percent per year on average over the next few decades—
can help pull global emissions below the lower-emissions scenario described here. As both
a world leader in technology, finance, and innovation and a major source of heat-trapping
emissions, the Northeast is well positioned to help drive national and international progress
toward this goal.

» The Northeast’s decision makers—from individual households to industry and government—
have myriad options available today for reducing emissions from each of the region’s four
major sources of CO,: electric power, buildings, transportation, and industry.

» Consumers and policy makers at all levels can accelerate the region’s transition from fossil
fuels to clean, renewable energy resources (including solar, wind, and geothermal) through
energy choices supported by market incentives and regulations.

> Energy users can significantly curb emissions by embracing efficiency: purchasing energy-
efficient lighting and small appliances and replacing vehicles, heating and cooling systems,
motors, and large appliances with more efficient models at the end of the existing equip-
ment’s useful lifetime.

» States and cities can use zoning laws, building codes, and incentives to encourage energy-
efficient buildings, discourage sprawl, and provide low-emissions transportation alternatives.

> Because past emissions have committed the region and the world to some unavoidable level
of global warming over the next several decades, decision makers in the Northeast must help
vulnerable constituencies adapt to the consequences. Informed policies and actions can reduce
exposure to climate risks (such as catastrophic flooding) and increase the ability of vulnerable
sectors and communities to cope with climate change and recover after extreme events or
disasters.

> For each adaptation measure considered, policy makers and resource managers must carefully
assess the potential barriers, costs, and unintended social and environmental consequences.

» These strategies for confronting climate change in the Northeast can also advance other widely
shared regional goals such as enhancing energy security, creating jobs, producing cleaner air,
and building a more sustainable economy. The costs of delay are high—the time to act is now.
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INTRODUCTION
Global warming is already affecting the economy,
lifestyles, and traditions of the Northeast, and the
impacts of a changing climate will grow more
substantial in the decades to come. At least some
further climate change is unavoidable and, as
highlighted in this report, the expected impacts on
our region include increased summer heat waves,
poorer urban air quality, reduced winter snow cover,
northward shifts in the range of species (including
trees, fish, and agricultural crops), and increased
coastal flooding and erosion. However, the extent
of future warming—and the severity of the changes
to which our region must adapt—will depend
largely on energy and land-use choices made within
the next few decades, both in the Northeast and
worldwide.

NECIA analyses have projected many striking
differences in the extent of impacts, depending on
whether the world follows a higher- or lower-emis-
sions pathway. For example, based on the emissions
pathways used in this assessment, that choice is pro-
jected to determine over the course of this century
whether:

e the residents of Philadelphia endure almost a
month’s worth of summer days over 100°F, or
just over one week of such days;

e each year, New York City has a 1in 10 or 1 in 20
probability of experiencing coastal flooding
equivalent to today’s 100-year flood;

* the storied fishing grounds of Georges Bank con-
tinue to support cod;

* a reliable ski season can be expected in only
western Maine, or in other northern parts of the
region; and

* heat-stress related reductions in milk production
will be 5 to 20 percent or 5 to 10 percent—unless
Pennsylvania dairy farmers can afford cooling
options.

In many cases, the impacts of warming in the North-

east will be considerable even if the world follows

the lower-emissions scenario used in this report.

* Boston and Atlantic City, NJ, are projected to ex-
perience coastal flooding equivalent to today’s
100-year flood almost every year on average by
the end of the century.

* The snowmobile season is projected to be mar-
ginal or non-existent across most of the region
by mid-century.

* Many of the region’s cities, including Buffalo,
Hartford, and Concord, NH, are expected to ex-

perience three times as many days of extreme

heat by late-century as they do now.

* Lobster (which may become more productive in
northern waters) is expected to disappear from
Long Island Sound and the nearshore waters off
Rhode Island and south of Cape Cod.

* Habitat suitable for spruce/fir forests—a primary
source of sawlogs and pulpwood as well as a fa-
vored recreation destination—is projected to all
but disappear from the region.

The higher-emissions scenario described in this re-

port does not represent a ceiling for the changes the

world and the Northeast may experience. Yet neither
does the lower-emissions scenario represent a floor.

The lower-emissions scenario describes a world in

which atmospheric concentrations of CO, rise from

approximately 380 parts per million (ppm) today to
approximately 550 ppm by the end of the century—
in contrast to 940 ppm under the higher-emissions
scenario. However, many lines of evidence indicate

that even lower emissions—and thus less severe im-

pacts—are well within our reach.

The latest IPCC assessment describes the tech-
nical and economic potential for stabilizing atmo-
spheric concentrations of heat-trapping gases at
or below the CO, equivalent of 450 ppm.'? Recent
analyses indicate that achieving such a target would
require the United States and other industrialized
nations to reduce emissions some 80 percent below
2000 levels by mid-century, along with substantial
reductions by developing countries.>*

In the Northeast, as well as elsewhere in the
United States and internationally,® there is grow-
ing momentum to pursue these deep reductions.
In 2001, New England governors and Eastern Cana-
dian premiers signed an agreement committing
their states and provinces to a comprehensive
Climate Change Action Plan that includes a long-
term goal of reducing regional emissions 75 to 85
percent below then-current levels. More recent-
ly, policy makers in California and New Jersey have
set ambitious near- and longer-term targets for re-
ducing emissions, and similar measures are being
debated in statehouses across the country and in
Congress.®

Even if future emissions can be dramatically cur-
tailed, however, past emissions guarantee that the
Northeast and the world will experience at least
some additional warming and significant impacts
over the next several decades. Policy makers and
communities across the Northeast must, therefore,
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begin adapting to the unavoidable consequences of
this warming.

Mitigation (in the form of emissions reductions)
and adaptation are essential and complementary
strategies for addressing global warming. Aggressive
steps to reduce emissions can limit the scope and
costs of regional impacts and thus increase the pros-
pect that ecosystems and societies will find effective
ways to cope with climate change and take advan-
tage of any potential benefits. In turn, timely and ef-
fective adaptation will help reduce the vulnerability
of societies and ecosystems to further warming.

Sector-specific options and opportunities for ad-
aptation were discussed earlierin this report. The sec-
tion on adaptation in this chapter provides broader
cross-cutting lessons and principles for dealing with
the unavoidable impacts of global warming in the
Northeast.

REDUCING EMISSIONS IN THE NORTHEAST
Reducing emissions in the Northeast alone will not
stem global warming; nevertheless, the region can
play a significant role in responding to this global
challenge. Taken together, the Northeast’s nine states
ranked as the world’s seventh highest emitter of CO,
compared with entire nations in 2001, just behind
India and Germany and ahead of Canada.’

However, the Northeast is also a financial and in-
tellectual powerhouse, a world leader in science and
technology, and a historic innovator in public policy.
Even with its growing economy and population, the
region has managed to slow its growth in energy-
related CO, emissions to just 0.3 percent per year
since 1990—well below the national average of 1 per-
cent per year—through a combination of past energy
and transportation policies, expansion of less energy-
intensive industries such as biotechnology, and
other factors.

Today, the Northeast is well positioned to help
lead the national and international actions needed
to ensure a healthy future climate for our children
and grandchildren—and to reap the economic ben-
efits of leading-edge entrepreneurship. Recent ex-
amples of the region’s leadership and innovation in
reducing heat-trapping emissions include:

* The Regional Greenhouse Gas Initiative (RGGI),
the first U.S. multi-state cap on carbon emissions,
which will require the electric-power sector to
decrease its emissions 10 percent below current
levels by 2019. (See the related text box.)

* Many state-level actions (including policies to

FIGURE 14: Northeast U.S. Emissions:
Significant on a Global Scale

UNITED STATES
China

Russia

Japan

India
Germany
NORTHEAST
Canada
United Kingdom
Italy

S. Korea
France

S. Africa
Mexico
Australia
Brazil

Iran

Ukraine
Spain

Saudi Arabia
Indonesia

T T T T
0 1 2 3 4

Annual emissions in 2001 (gigatons of carbon dioxide)

Energy-related carbon dioxide emissions in the Northeast,
compared with the major carbon-emitting nations of the world.

U.S. emissions include the Northeast.

Source: Emissions data for 2001 from Energy Information Administration (EIA), International energy annual

(2003), and EIA, Emissions of greenhouse gases in the United States (2004).

promote energy efficiency and renewable en-
ergy, clean cars, and climate action plans) and
efforts to reduce emissions from state govern-
ment activities.

* Emissions-reduction strategies being imple-
mented by many municipalities, corporations,
and universities.

These are important first steps upon which to build.

Starting now and continuing over the next several

decades, decision makers in federal, state, and local

governments, the business sector, publicinstitutions,
and individual households can choose from among
many proven or promising strategies that can rapidly
put the region on the path to deep emissions reduc-
tions. (See the Citizen’s Guide text box.) The specific
policies, programs, and practices outlined below for
each of the region’s four major CO,-emitting sectors

(electric power, buildings, transportation, and in-

dustry) approach the problem from every available

point of leverage—ranging from market forces to
regulation—that can help move the Northeast to-
ward a low-emissions, high-efficiency future.

This report proposes an achievable goal of
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FIGURE 15: Northeast States—Regional
Emissions of CO, by Sector, 2003
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emissions reductions on the order of 3 percent an-
nually overthe next several decades. (See the text box
on the “3 percent solution.”) Many of the solutions
outlined here would achieve even greater emissions
reductions—as well as cost savings—for those who
adopt them.?

REDUCING EMISSIONS BY SECTOR

The transportation sector is the Northeast’s largest
source of heat-trapping emissions, followed by elec-
tricity generation (Figure 15). Together, these sectors
account for nearly two-thirds of the region’s emis-
sions. Combustion of fossil fuels for water and space
heating in homes and businesses and for powering
industrial activities accounts for the remaining third.

Electric power

Electricity generation in the Northeast relies substan-
tially on fossil fuels, a circumstance that provides
a host of near-term opportunities to reduce emis-

sions. The region’s aging fleet of inefficient coal- and
oil-burning power plants could be steadily replaced
over the next decade under the pressure of new
market-based policies that attach a price to carbon
emissions and make cleaner, more efficient gen-
eration and low- or zero-emissions technologies
financially attractive. (See the text box on RGGL.) Suc-
cessful implementation and expansion of policies
and programs that place energy-efficiency gains on
an equal footing with new power generation can
support this shift.

Managing demand for electricity

Many of the most cost-effective opportunities to
reduce emissions from the electric-power sector lie
in reducing demand. Numerous technologies are
available today that decrease the amount of energy
required to provide services such as lighting, refrig-
eration, heating, and air conditioning, and to oper-
ate appliances, pumps, fans, and industrial motors;
these technologies can reduce household and busi-
ness energy bills while reducing emissions. A recent
analysis found that cost-effective investment in en-
ergy efficiency throughout the New England states
could offset more than eight years’ worth of project-
ed growth in electricity demand.’

Despite this potential, cost-effective opportuni-
ties are missed every day due to a host of well-un-
derstood but difficult-to-overcome market barriers,
including a lack of information about efficient tech-
nology options, a persistent focus on the up-front
costs rather than long-term operating and mainte-
nance costs, and incentives that are split between
building owners and tenants (and fail to provide
either with incentives for investing in efficiency).
Expanded government- and utility-run efficiency
programs could help overcome these market bar-
riers and deliver more cost-effective reductions in
energy demand.’

Power-generation efficiency can also be greatly

SUCCESS STORY

New Jersey’s statewide Clean Energy program, coordinated by the New Jersey Board of Public Utilities,

offers all residential, commercial, and industrial utility customers, as well as municipalities, extensive

programs for making energy-efficiency improvements and installing or purchasing renewable energy.

In addition, programs targeted to home builders and commercial developers are designed to maximize

efficiency gains and incorporate renewable energy technologies in new construction. These programs

have delivered substantial energy savings.''
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The 3 Percent Solution

How can we put the Northeast on a path that will
reduce emissions on the order of 80 percent below
2000 levels by mid-century? Concerted, sustained
effort to reduce emissions by just over 3 percent per
year on average would achieve nearly half of the to-
tal reductions needed by 2030,'? putting the region
well on track for achieving the 80 percent mid-cen-
tury goal.

Some immediate first steps that individuals,
companies, communities, and states can take with-
out waiting for policy changes include:
¢ Adopting energy-conservation practices and up-

grading small-scale technology such as lighting

and small appliances with more energy-efficient
models.

* Committing to “efficient replacement” strate-
gies that significantly increase the efficiency of
technologies at the end of their useful lifetimes.
The energy savings from more efficient vehicles,
major home and commercial appliances, heat-
ing/ventilation/air conditioning (HVAC) systems,
and industrial motors and pumps will, in general,
more than make up for higher up-front costs.

e Improving the energy performance of homes
and workplaces by improving insulation, reduc-
ing air leaks, and installing more advanced light-
ing and HVAC control systems.

e Voluntarily purchasing low- and zero-emissions
electricity.

* Purchasing “carbon offsets” (i.e., investing in car-
bon-storing forests or renewable energy projects
in order to offset carbon emissions that are cur-
rently difficult to avoid, such as those related to
air travel).”

* Supporting political leaders who champion poli-
cies that will put productive, cost-effective solu-
tions in place sooner rather than later.

Making the 3 percent solution work is like putting
a puzzle together. Individuals in households, busi-
nesses, institutions, and governments each control
pieces of the puzzle and can contribute to steady
annual reductions. Reliance on individual actions
alone will not achieve the transition to a low-carbon
economy, but individual actions are needed to
demonstrate the feasibility of new approaches as
well as their economic, air-quality, and energy-security
benefits.

In addition to taking actions that will reduce
emissions directly, any individual, institution, or com-
pany can support the development of strong local,
state, and national policies for reducing emissions.
A combination of policies that provide incentives
while setting strict emissions standards for power
plants, buildings, industry, transportation, and other
CO, sources is essential.

improved, especially by incorporating technology
that uses so-called waste heat from commercial and
industrial facilities to generate electricity in small
combined-heat-and-power (CHP) plants. CHP facili-
ties can use a wide range of fuels including biomass,
but most are fueled with natural gas. Compared with
the typical efficiency of about 30 percent for older
fossil fuel-fired plants and about 50 percent for ad-
vanced natural gas combined-cycle plants, CHP sys-
tems' can utilize more than 80 percent of the fuel’s
energy content, thereby greatly reducing emissions
compared with traditional facilities.'>'®

Renewable energy
Renewable energy resources including solar, wind,
geothermal, tidal, and biomass energy offer increas-

ingly cost-effective opportunities to replace fossil
fuels and produce electricity with virtually no global
warming emissions. Over the past 20 years the per-
formance and cost-effectiveness of these technolo-
gies have improved dramatically.

Wind energy represents one of the most attrac-
tive near-term prospects among renewable resources
for making substantial, relatively low-cost contribu-
tions to electricity generation in the Northeast. On-
shore wind resources have the technical potential
to meet almost half of the region’s annual energy
needs, while offshore wind resources in New Eng-
land and the Mid-Atlantic are projected to far ex-
ceed the Northeast’s current summer generating
capacity. The large offshore wind project currently
proposed for the Cape Cod region of Massachusetts
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A Citizen’s Guide to Reducing Emissions in the Northeast

1.

Become carbon-conscious. The problem of global warming stems from a previous lack of awareness (on
every scale, from individual to societal) of our “carbon footprint” and its effect on climate. Fortunately this is
rapidly changing. Individuals and families can start by using one of several publicly available carbon footprint
calculators' that will help you understand which choices make the biggest difference.

Drive change. For most people, choosing a vehicle (and how much they should drive it) is the biggest sin-
gle opportunity to slash personal carbon emissions. Each gallon of gas we use is responsible for 25 pounds
of heat-trapping emissions; better gas mileage not only reduces global warming but can also save drivers
thousands of dollars at the pump over the life of the vehicle. Compare the fuel economy of the cars you are
considering'® and look for fuel-efficient technologies such as hybrid engines. Drive less by making more use
of public transportation, carpooling, bicycling and walking for shorter trips, and “bundling” errands to make
fewer trips.

Look for the Energy Star label.”” When it comes time to replace household appliances, look for the Energy
Star label on new models (refrigerators, freezers, furnaces, air conditioners, and water heaters use the most
energy). More efficient models may cost a bit more up front, but the energy savings can pay back your extra
investment within a couple of years. The Energy Star program, run by the EPA and the Department of Energy,
makes it easy to identify products that rank in the top 25 percent for energy efficiency among more than 35
product categories. The program also offers a host of resources for reducing energy consumption in homes
and businesses, and identifies new homes designed to use at least 30 percent less energy than construction
that merely meets existing building codes.

Choose clean power. Well over half of the Northeast’s electricity comes from fossil fuel-fired power plants.
However, consumers throughout the region (except in New Hampshire) can purchase electricity generated
from renewable resources that produce no carbon emissions, including wind, hydropower, biomass, and solar.
If your local utility does not offer a “green” option you can still purchase renewable energy certificates (RECs)
that offset fossil-fuel use by funding renewable energy and energy-efficiency projects elsewhere in the world.
RECs that are “Green-e"-certified meet high standards for ensuring the projects they fund reduce heat-trap-
ping emissions.?

Unplug an underutilized freezer or refrigerator. One of the quickest ways to reduce your global warming
impact is to unplug a rarely used refrigerator or freezer. This can lower the typical family’s CO, emissions nearly
10 percent.

Get a home energy audit. Take advantage of the free home energy audits offered by many utilities. Even
simple measures (such as installing a programmable thermostat to replace an old mechanical unit or sealing
and insulating heating and cooling ducts) can each reduce a typical family’s CO, emissions about 5 percent.
Lightbulbs matter. If every U.S. household replaced one incandescent lightbulb with an energy-saving com-
pact fluorescent lightbulb (CFL), we could reduce global warming pollution by more than 90 billion pounds
over the life of the bulbs—the same as taking 6.3 million cars off the road. CFLs now come in all shapes and
sizes, and will lower your electric bills along with your emissions.

Buy good wood. When buying wood products, check for labels that indicate the source of the timber. Sup-
porting sustainable forest management helps conserve biodiversity and may help slow global warming too.
Well-managed forests are more likely to store carbon effectively because more trees are left standing and
carbon-storing soils are disturbed less.

Spread the word and help others. A growing movement across the country seeks to reduce individual, fam-
ily, business, and community emissions while inspiring and assisting others to do the same. The Empower-
ment Institute based in Woodstock, NY, sponsors a“Cool Community Campaign”featuring a“Low Carbon Diet”
study guide; you and other members of your local community can use this resource to help achieve energy
savings and emissions reductions.”’

10. Let policy makers know you are concerned about global warming. Elected officials and candidates for

public office at every level need to hear from citizens. Urge them to support policies and funding choices that
will accelerate the shift to a low-emissions future.
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would provide up to 440 megawatts of power and
meet three-quarters of that area’s electricity needs.

Solar photovoltaic (PV) installations, which con-
vert sunlight directly into electricity, are the fastest-
growing energy technology in the world. While still
expensive relative to other generation technologies
(including other renewable energy technology), the
costs continue to decline. And solar power is abun-
dant during the Northeast’s times of peak electricity
demand, which is driven by air conditioning on hot
and sunny afternoons. Use of PV on buildings also
eliminates the cost of transmission and distribution,
an important additional factor in assessing the tech-
nology’s cost-effectiveness.

Biomass energy production in the Northeast
contributes to renewable electricity and could con-
tribute more, using fibrous wastes from the region’s
lumber and paper industries, agricultural residues,
and “energy crops” such as fast-growing willow or
poplar trees as fuel. (See the section on managing
forests and agricultural lands for issues related to the
sustainable use of biomass.)

Ground-source heat pumps are a proven and fair-
ly common, but still relatively under-utilized, option

SUCCESS STORIES

The University of New Hampshire in early 2006 commissioned an on-campus natural gas-fired

CHP plant that now provides greater energy security for the campus along with emissions 21 percent
below the previous year. In a few years a 12-mile pipeline now under construction will enable the
university to fuel its CHP plant with methane collected at the regional landfill, reducing campus

emissions 57 percent below 1990 levels.

Pennsylvania Governor Ed Rendell cut the ribbon in mid-2006 at the South Park Industrial Complex in

Cambria County to officially open Gamesa Corporation’s first manufacturing facility in North America for
wind-turbine generator blades. More than 230 people are expected to work at the new plant. The Spanish
wind-energy company is investing $84 million to locate its U.S. headquarters in Philadelphia along with

three other plants in the state, where additional workers will produce windmill components.

In January 2007 Framingham, MA-based Staples Corporation unveiled its second rooftop solar

PV system in the Northeast (at its retail distribution center in Killingly, CT). At roughly 74,000 square
feet—approximately 1.5 times the size of a football field—this 433-kilowatt system is the largest of its
kind in New England and provides approximately 14 percent of the facility’s annual electricity needs.
The system was installed at no capital cost to Staples through a financing and power-purchase agree-
ment with SunEdison. Staples currently ranks fourteenth among the more than 700 partners in the
U.S. Environmental Protection Agency’s voluntary Green Power Partnership, procuring 20 percent

of its total electricity needs from renewable sources.

New Jersey'’s
Atlantic County
Utilities Authority
commissioned a
five-turbine, 7.5 MW
wind farm at its
wastewater treat-
ment plant in Atlantic
City in 2005. Also
featuring a 500 kW
solar PV array, it
became Atlantic
City’s most unlikely
attraction during its
first year of opera-
tion, when more
than 4,000 visitors
toured the site.
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In 2006 Public Service of New Hampshire’s Northern Wood

Power Project at Schiller Station in Portsmouth, NH, permanently
replaced a 50-megawatt coal boiler with a state-of-the-art wood-
burning boiler with the same capacity. As a result, the new boiler
is expected to consume more than 400,000 tons of clean wood
chips and reduce plant emissions by more than 380,000 tons

of CO, each year.

for reducing emissions. These electrically powered
devices provide heating and cooling by tapping the
solar heat stored in the earth below the frost line.
Barriers to more widespread use of this highly en-
ergy-efficient technology include finding soils that
can be drilled for installation of the heat-extracting
loops, a possible need for test wells, relatively high

capital costs, and the unfamiliarity of many build-
ing owners and engineering professionals with the
technology. The U.S. Department of Energy funds a
national effort and several states including New York
operate educational and technical-assistance pro-
grams aimed at overcoming these barriers.?>*

Nuclear power currently provides about one-
third of the region’s electricity without emitting CO,
during generation. However, unresolved issues re-
main about the operational safety of these plants,
their vulnerability to terrorist attack, and the lack
of approved long-term storage sites for nuclear
waste.?*?* These concerns make it unlikely that nu-
clear power generation will expand in the Northeast
over the next few decades.

Capturing the mechanical energy of ocean cur-
rents, waves, and tides along the Northeast’s coast-
line holds some promise for electricity generation.
Technologies are already under development and
proposals for pilot projects in Maine, Massachusetts,
New York, and Rhode Island have been filed with
federal and state authorities. The commercial viabil-
ity of such projects and the likelihood of public ac-
ceptance are not yet clear, however.

Similarly, technologies that would reduce emis-
sions by capturing the CO, from fossil fuel-fired
electricity generation and either storing it or con-
verting it into a useful product are also under devel-
opment. In the Northeast, Pennsylvania represents
the most promising locale for storing carbon in
geologic formations, but the technical viability

SUCCESS STORIES

In 2002, the Rex Lumber Company in Englishtown, NJ, installed a wood waste-fueled boiler to produce

heat, electricity, and steam for its industrial processes.

By using over 44,000 cubic yards of wood waste

and sawdust that was once sent to the landfill, the company eliminated an annual natural gas bill of

approximately $100,000. Also, a steam-turbine generator captures excess steam to provide 150 kW of

electricity to the facility, which provides an additional $50,000 in savings. Installation expenses were

partly supported by the New Jersey Clean Energy Program, and emissions from the wood-waste

boiler are well below state and federal standards.?

In 2005 Colby College in Waterville, ME, completed a new 27,000-square-foot alumni center heated

and cooled by three geothermal wells. Because the temperature of the water supplied by these wells stays

consistently in the mid- to upper-50°F range, it is cool compared with ambient air temperatures in the

summer and relatively warm in the winter. The annual savings over the proposed alternative, an oil-fired

boiler and conventional air conditioning, was estimated at $4,400 based on 2005 energy prices.?”
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and cost-effectiveness of this option is not yet well
established.?®

Opportunities for action

States can continue to improve appliance and
lighting efficiency standards. Even with the stan-
dards adopted in many Northeast states in recent
years, additional proposed efficiency standards
could continue to help lower emissions.?

States can adopt an energy-efficiency resource
standard. Three states in the Northeast (Con-
necticut, Pennsylvania, and Vermont) have ad-
opted this innovative policy, which requires
more efficient generation, transmission, and use
of electricity and natural gas.

States and cities can lead by example. By man-
dating that their agencies purchase the most
efficient lighting and appliances and incorpo-
rate energy-efficient design and construction
standards into all facilities, state and munici-
pal governments can save money and help ex-
pand the market availability of efficient products
and services.

States canenactorstrengthen renewableelectric-
ity standards. Eight of the Northeast’s nine states
require that an increasing portion of electricity
supply within their state come from renewable
sources. Strengthening the existing standards
(as many states across the country have already
done) will further reduce the electricity sector’s
contribution to global warming.*®

States and cities can enact policies that pro-
mote customer-based electricity generation. In
2007 only a few of the Northeast’s states and
cities had comprehensive measures in place to
facilitate the widespread installation of small-
scale electricity generation from renewable
resources or efficient, clean CHP systems. New
York City has recently announced its intention
to require that major construction projects fully
evaluate the technical and economic poten-
tial of supplying their own electricity and heat.
In addition, regulatory barriers can be greatly
reduced.’

States can improve net-metering policies. All of
the Northeast’s states have net-metering policies
that enable customers with on-site power-gen-
eration capability (renewable energy or CHP) to
sell excess electricity to their utility, thus making
the installation more cost-effective. However,
other changes are still needed to remove restric-

The Regional Greenhouse
Gas Initiative (RGGI)

Ten northeastern states have created a regional
plan and a model rule for states to reduce CO,
emissions from the electric-power sector. The ap-
proach, commonly referred to as “cap-and-trade,’
harnesses market forces by establishing a limit (or
cap) on the sector’s overall emissions and requir-
ing every power plant to obtain an allowance for
each ton of carbon it emits.

All 10 states are developing rules to imple-
ment the program starting January 1, 2009. The
rules will stabilize CO, emissions at their 2005
level through 2014, then reduce emissions 10
percent by 2019. Importantly, several states have
committed to auctioning 100 percent of the al-
lowances created by the program, maximizing
expected revenues. The wise investment of these
revenues in energy efficiency and new renew-
able energy could help offset any increases in
electricity prices.

An analysis of RGGI's potential economic im-
pact concluded that a doubling in funds for the re-
gion’s existing energy-efficiency programs would
deliver savings on consumer energy bills and posi-
tive effects on energy security, economic output,
personal income, and employment.

tions that can prevent the full value of these in-
vestments from being realized.

e States can adopt or expand tax incentives for
small-scale renewable electricity generation and
efficiency. Several of the Northeast's states have
adopted tax policies that support renewable
electricity generation by exempting the equip-
ment from property tax valuations, providing
income tax credits and deductions for the pur-
chase and installation costs, or exempting the
equipment from state sales taxes.>?

Buildings

The Northeast’s relatively old stock of residential,
commercial, and industrial buildings offers wide-
ranging opportunities to reduce the emissions as-
sociated with water- and space-heating needs. The
federal Energy Star Buildings program, for example,



114 CONFRONTING CLIMATE CHANGE IN THE U.S. NORTHEAST

Pittsburgh’s David L. Lawrence Convention Center opened in September
2003 as the world’s first certified “green” convention center. Encompass-
ing nearly 1.5 million square feet on a former “brownfield” site adjacent
to public transportation routes, its daylighting design provides natural
light for 75 percent of the convention center’s exhibition space, saving
9.5 million kWh of electricity a year. The building uses about 35 percent
less energy than a conventionally designed building of comparable size.*

provides a “better than building code” framework
that includes strategies and tools for upgrading the
energy efficiency of most types of existing buildings.
The additional cost of designing and constructing
a new building that qualifies for Energy Star status
ranges from zero to just a few percent. In addition,
such buildings cost significantly less to operate, pro-
vide greater comfort, and typically generate 10 to 30
percent lower emissions than buildings that merely
comply with local building codes.

Energy efficiency is also incorporated into the
broader discipline of “green building,” which em-
braces a portfolio of strategies and technologies
to produce energy-, water-, and resource-efficient
buildings that also have good indoor air quality, take
advantage of natural lighting, and create minimal
disruption to the environment around the building
site. A recent study found that the financial benefits
of green design and construction amount to more
than 10 times the additional up-front cost; such proj-
ects reduce emissions, environmental damage, and
energy, waste, water, operating, and maintenance
costs while increasing occupant productivity and
health.*

The construction of homes that generate energy
from renewable sources and, on an annual net basis,
produce as much energy as they draw from the grid
(so-called Zero Net Energy Homes) is now feasible
in the Northeast. Though the task is challenging in a
region with significant home heating requirements,
highly efficient designs that incorporate ground-
source heat pumps and solar PV systems can require
only one-fifth the energy of homes built to meet
existing codes. Owners of such homes can also pur-
chase whatever supplemental energy they require
from their utility in the form of zero-emissions elec-
tricity generated from renewable resources rather
than fossil fuels.

Opportunities for action

e States can continue to update and strength-
en enforcement of building energy codes.
Building codes in the Northeast’s states have
not kept pace with technological innovation,
resulting in energy use (and emissions) 15 to
30 percent higher than Energy Star standards.
Stronger implementation and broadening of
these codes (e.g., to include minimum standards
for air leaks, insulation, doors, and windows)
could significantly reduce emissions and in-
crease savings.*®

e States can require that all building sales and
apartment rentals be accompanied by an energy
rating and cost certificate. Providing the real es-
tate market with information about a building or
home’s energy supply, average and peak usage
patterns, and costs of operation would create an
incentive for greater efficiency and encourage
regular upgrades to HVAC systems and other
building components such as windows that af-
fect energy use.

* States can explore the creation of an “energy ex-
tension service.” Such a service, operated by the
state university system, could educate building
owners about energy-efficient options while
spurring on-campus innovation.

* (Cities and towns can use zoning laws to encour-
age energy-efficient and “green” development.
Zoning laws can require (or offer incentives) to
building owners and developers to meet the U.S.
Green Building Council’s LEED certification and/
or the EPA’'s Energy Star standards. In January
2007, for example, the City of Boston amended
its zoning code to require all new construction,
additions, or renovations larger than 50,000
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square feet to meet the first level of LEED certifi-
cation.®

e States and cities can provide sales and prop-
erty tax incentives for the installation and
operation of energy-efficient systems. Exempt-
ing energy-efficient appliances, lighting, motors,
and building systems (e.g., insulation, replace-
ment windows) from sales tax would encourage
their wider use. Tax incentives could also be used
to encourage developers and builders to design
highly efficient neighborhoods or industrial
parks and use available technologies for reduc-
ing emissions from HVAC systems.

Transportation

The transportation sector represents the North-
east’s largest source of CO, emissions. Although most
policies for reducing vehicle emissions are best im-
plemented at the federal level, there are numerous
examples of successful local, state, and regional
policies such as sustained investment in public
transportation systems, incentives for private and
commercial fleet owners to purchase low-emissions
vehicles, direct financial support and infrastruc-
ture investments to promote the substitution of
biodiesel and natural gas for petroleum diesel, and
requirements and incentives aimed at curbing
growth in total vehicle miles traveled.

The most efficient gasoline-electric hybrid ve-
hicles currently available can reduce emissions as
much as 60 percent, and so-called “plug-in” hybrids
that recharge their batteries while the vehicle is
parked could surpass this once they are made avail-
able in the United States. The performance and lo-
cal air-quality benefits of biodiesel and compressed
natural gas (CNG) compared with petroleum diesel
have been widely demonstrated by a number of
municipalities, universities, and mass-transit fleets,
including Keene, NH, the state universities of New
Hampshire and Vermont, metropolitan Boston’s
Massachusetts Bay Transportation Authority (MBTA),

The Solaire apartment building, a 27-story, 293-unit residential
tower in Battery Park City, achieved LEED “Gold”-level certification
through aggressive goals for reducing energy and water use and
peak electricity demand. Completed in 2003, its features include
optimal use of daylight, thermal efficiency, high-performance
windows, programmable digital thermostats, and Energy Star
appliances and lighting fixtures in each unit. Photovoltaic (PV)
panels generate 5 percent of the building’s peak electricity.

SUCCESS STORY

Manhattan’s new 55-story Bank of America Tower, scheduled to open in 2008, will use much less energy

than a standard office building because of its efficient design and extensive use of daylighting, LED lights,

and CHP systems for heating and cooling. Extensive use and local sourcing of recycled steel, plastic, glass,

and other materials also serves to reduce the emissions associated with this major development.”
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and New York City’s Metropolitan Transit Authority
(MTA).

More widespread use of biodiesel and CNG
would offer immediate opportunities for significant
emissions reductions in both urban and agricultural
settings across the Northeast. (See the Renewable
Energy on the Farm text box.)

In contrast, ethanol offers limited climate benefits
because it is currently produced primarily from corn
in an energy-intensive process. This may change in
the future with further development of technology
for producing “cellulosic” ethanol from agricultural
waste or other plant material such as willow and
switchgrass.

Opportunities for action

e States can adopt California’s vehicle emissions
standards. California has adopted emissions
standards for automobiles that require reduc-
tions of approximately 30 percent below 2002
levels by 2016, beginning with the 2009 model
year.® Under the Clean Air Act, California is the
only state in the nation with the right to enact
its own air-pollution standards, but other states
may follow suit once the EPA grants California
a waiver. Pending this waiver, Connecticut,
Maine, Massachusetts, New Jersey, New York,
Pennsylvania, Rhode Island, Vermont, and sever-
al other states plan to implement the California
standard.

e States can adopt low-emissions vehicle incen-
tives. Offering incentives for low-emitting vehi-
cles and levying surcharges on the highest-emit-
ting vehicles is known as a “clean car discount”
program. Such a program can be self-financing if
the surcharges fund all of the rebates and admin-
istrative costs associated with the program.

e States can adopt low-carbon fuel standards.
California has established a statewide goal
of reducing heat-trapping emissions from its
transportation fuels at least 10 percent by 2020,

As part of a sweeping sustainability initiative called

plaNYC, New York City Mayor Michael Bloomberg put forward
a detailed proposal to reduce vehicle traffic during peak hours
in Manhattan through “congestion pricing,” thus reducing
emissions and improving air quality. He also announced that
by 2012, all of the approximately 13,000 taxis in the New

York City fleet must be a hybrid-powered vehicle that gets

at least 30 miles per gallon.** plaNYC has set an overall goal

of reducing the city’s energy use 30 percent by 2017.

and several other states are pursuing similar
approaches.®

e State insurance commissions can imple-
ment pilot “insurance at the pump” programs.
Tying the level of basic liability insurance drivers
must carry to the amount of fuel they purchase
would raise their awareness of the implications
of their vehicle choices and operating practices.*!
Coordination among the states would enhance
the effectiveness of this approach and reduce
out-of-state fuel purchases.*

e States, cities, and corporations can develop and
expand fleet initiatives. Replacing entire auto-
mobile fleets with hybrids and other fuel-effi-
cient vehicles, as cities such as Medford, MA, and
a number of universities have already done, can

SUCCESS STORY

New Jersey’s largest electric and gas utility, PSE&G, announced plans in May 2007 to replace 1,300

vehicles— including cars, light trucks, and “bucket trucks”—with hybrids over the next decade. Along with

the use of biodiesel and installation of electric lifts on remaining diesel-powered trucks, PSE&G estimates

the changes will reduce its carbon emissions by over 81,000 tons of CO,.**
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reduce emissions and long-term fleet operating
costs while helping to expand the market for
low-emissions vehicles. Because fuel-efficiency
improvements are not as widely available for
the heavy-duty vehicles used in public transpor-
tation fleets, reducing emissions could involve
the use of cleaner fuels such as natural gas and
biodiesel.

* States and cities can use infrastructure funds to
shape transportation patterns. Massachusetts
alone spends some $4 billion a year on infra-
structure development that creates opportuni-
ties to reduce vehicle emissions through “smart
growth” practices. These include concentrating
development near public transportation options,
increasing the number of such options, and mak-
ing optimal use of existing infrastructure and
building sites before developing new sites.*

* (ities and towns can use property tax policies to
reduce sprawl. Property tax incentives can en-
courage new construction in already urbanized
areas, while tax levies can discourage construc-
tion on undeveloped land. Tax and regulatory in-
centives can also reduce sprawl by encouraging
development in clusters.

Industry
The energy consumed by industrial and manufactur-
ing processes accounts for a significant proportion
(12 percent) of the Northeast’s emissions. While
more energy-efficient technologies and processes
can certainly reduce these emissions, companies can
also greatly reduce their emissions while lowering
their energy expenses by making use of energy-
efficient building and facility designs, on-site renew-
able energy generation, and CHP systems. Industries
can also lower the total energy cost of production by
making more use of local sourcing, recycled raw
materials, and efficient transportation systems.

A number of major companies in the Northeast,
including IBM and United Technologies, have suc-
cessfully set corporate emissions-reduction targets

ing average annual reductions of 162,000 metric
tons (or 6.2 percent).*

CHP technologies represent a particularly prom-
ising strategy for industry. (See the electric power
section.) By recovering much of the heat released
during electricity generation and using that energy
for water and space heating and air conditioning,
CHP systems can harness as much as 80 percent of
a fuel’s useful energy—a highly cost-effective means
of achieving substantial emissions reductions.*

Opportunities for action

* By installing on-site renewable energy systems
and CHP technologies, industries can reduce
emissions while enhancing their energy security
and reducing their exposure to volatility in the
global fossil-fuels market.

e Industries can purchase electricity generated
from renewable energy sources, and purchase
carbon offsets for unavoidable corporate travel.

* Industries can also strive to develop products
that produce lower levels of heat-trapping emis-
sions during manufacture and/or disposal.

Cornell University’s Transportation Demand Management Program is

an example of what dedicated and sustained investment in public trans-
portation systems can achieve. Faced in the early 1990s with an apparent
need for 2,500 new parking spaces, the university instead worked with
local authorities to enhance the region’s public transportation system.
Through a package of service improvements, incentives, and support

for carpooling and use of public transportation, the university estimates
that by 2005 it had saved more than $40 million in construction, infra-
structure, and transportation costs while enhancing air quality and
preserving open space on campus.*’

and developed company-wide performance goals
based on energy use, raw-material inputs, and emis-
sions rates, and are using these metrics to drive pro-
cess improvements and product redesigns. IBM, for
example, set out to achieve a 4 percent reduction
in its average annual heat-trapping emissions from
2000 to 2005 by increasing energy efficiency and ex-
panding its use of renewable energy. The company
exceeded its goal by more than 50 percent, achiev-
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Forest and agricultural land management
Trees and other vegetation store carbon and thus
can play an important role in slowing global warm-
ing. Over the past century, forests across the North-
east have grown back onto lands that had once been
cleared for farming, drawing CO, out of the atmo-
sphere through photosynthesis and storing the car-
bon in plant tissues, thus reducing the region’s net
contribution to climate change.

Forest-management practices affect the amount
of carbon a forest can store as well as the amount
released by trees when they are cut down for timber.
Opportunities for capturing carbon or avoiding CO,
emissions from forests include protection, reduced-
impact timber harvesting, and reforestation. Forests
managed in a sustainable manner can help slow
global warming by storing carbon, replacing more
energy-intensive building materials such as concrete,
and displacing fossil fuels as a source of energy.

Over the next few decades rising atmospheric
concentrations of CO, along with a warmer climate
and longer growing season are likely to increase
carbon storage in the Northeast’s forests. But these
gains may be offset if forests are extensively cleared
for development, release CO, due to unsustainable
timber harvesting practices, or are more frequently
or severely damaged by climate-related insect or
disease outbreaks, storms, fire, or other disturbanc-
es. (See the forests chapter.)

Management practices in both forests and on
farms also affect the amount of carbon stored in
soils. Sustainable forestry and farming practices
can increase the amount of carbon-storing organic
matter in soils and reduce or eliminate the use of
synthetic nitrogen fertilizers, which are extremely
energy-intensive to produce and release heat-trap-
ping nitrous oxides (N,0).* Even organic nitrogen
fertilizers such as manure and compost can increase
N,O emissions if used inefficiently.

Excessive tillage on farms, which has been com-
mon practice for decades, accelerates the decompo-

sition of organic matter in soils, resulting in the rapid
loss of stored carbon. “No-till” or reduced-tillage
farming methods, which cause less soil disturbance
and erosion than plowing, reduce CO, emissions
from soils and help increase the organic matter in
soils (which also benefits crop production and wa-
ter-holding capacity).

“Cellulosic” ethanol derived from fast-growing
vegetation such as poplar trees or switchgrass may
become an important renewable source of energy
to add to the portfolio of fossil-fuel alternatives.
Because farmers in the Northeast and elsewhere
are considering the long-term profit potential of
entering the “fuel crop” marketplace, policy makers
must consider the sustainability and full range of
implications of these alternatives. For example, beef,
poultry, and other meat producers are already feel-
ing the pinch of higher feed prices due to increasing
demand for corn-derived ethanol.

If poorly managed, production of cellulosic
ethanol can strip fields of all aboveground biomass,
leaving little organic matter and important plant nu-
trients such as nitrogen and phosphorus to recycle
back into the soil. This could lead to degraded soils
that require energy-intensive inputs such as nitro-
gen fertilizers to sustain productivity. Any expansion
of the acreage devoted to cellulosic ethanol fuel
stocks should therefore be preceded by careful land-
use planning.

More broadly, forestry and agricultural policies
in the Northeast can be designed to promote bet-
ter management practices and systems that reduce
emissions and support the sustained profitability of
the region’s foresters and farmers. Such practices,
already being put into place by many, include in-
creased carbon capture in soils, more efficient use
of nitrogen fertilizers, reduced on-farm use of fossil
fuels, and expanded use of renewable energy re-
sources including wind and biomass produced in a
sustainable manner. (See the Renewable Energy on
the Farm text box.)

SUCCESS STORY

In 2002 Harbec Plastics, a precision injection-molding company near Rochester, NY, installed a bank

of 25 natural gas-fueled microturbines to provide 100 percent of the factory’s electricity. This CHP system

captures the heat released during power generation for use elsewhere in the factory—even for air

conditioning (through the use of an absorption chiller).*
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Opportunities for action

* States can establish standards for the use of
biomass and biofuels that incorporate multiple
sustainability criteria, so that biomass produc-
tion does not compromise the value of other
environmental services provided by forest and
agricultural ecosystems.

* States can provide incentives for woody and ag-
ricultural biomass-energy systems that use these
resources in the most efficient and sustainable
manner possible. The Biomass Energy Resource
Center in Vermont, for example, is working
closely with many New England communities to
develop sustainable community-scale biomass-
energy systems that provide both electricity and
heat at high levels of efficiency using small-scale
CHP systems.®®

* Policy makers can develop integrated state and
regional plans for managing forested lands that
maximize the suite of services forests provide, in-
cluding carbon storage, timber, wood as fuel and
as a feedstock for ethanol production, as well as

Willow shrubs grown in the Northeast have potential as a feedstock
for both transportation biofuels and stationary bioenergy. Because the
cost of harvesting and delivery can account for 40 to 60 percent of its
delivered cost, the State University of New York’s College of Environ-
mental Science and Forestry, Case New Holland Corporation, and Cornell
University have been collaborating on the design of new types of equip-

clean water, erosion control, and biodiversity.

* To maintain or enhance carbon storage in the
forests of the Northeast:

— Policy makers can make carbon storage an
explicit objective of public and private forest
management in the Northeast and an explicit
criterion for certification of sustainable forest
management.

— The timber industry can expand use of re-
duced-impact timber harvesting in produc-
tion forests in the Northeast.

Methane recovery
Methane, which is released directly into the atmo-
sphere from livestock, sewage treatment plants,
and landfills, is a potent heat-trapping gas. The EPA’s
Landfill Methane Outreach Program works with
landfill owners, communities, states, utilities, pow-
er marketers, project developers, Native American
tribes, and nonprofit organizations to encourage the
recovery of methane from landfills and its conver-
sion into energy. The program helps assess project
feasibility, find financing, and market the benefits to
local communities. As of April 2007 the EPA reports
that 10 northeastern states have 46 operational proj-
ects, but almost exactly twice that number of land-
fills have potential that remains untapped.”'

In addition, farmers across the Northeast are
adopting innovative approaches to capturing and

ment to increase harvesting efficiency (in hopes of making willow a

viable “energy crop” for Empire State farmers).

using methane to power farm operations. (See the
Renewable Energy on the Farm text box.)

Opportunities for action

* States, communities, and large institutions can
combine resources and collaborate (with help
from the EPA) to transform landfill methane—of-
ten a local and regional nuisance—into an asset
that reduces heat-trapping emissions, replaces
fossil fuels, provides jobs, and enhances region-
al energy security. (See the University of New
Hampshire success story in the electric power
section.)

ADAPTING TO UNAVOIDABLE CLIMATE
CHANGE IN THE NORTHEAST

Human-induced climate change is under way, and
past emissions guarantee some further warming
over the next few decades. Adapting to the econom-
ic and ecological stresses that will accompany this
warming has therefore become a necessary com-
plement to the urgent need to reduce heat-trap-
ping emissions. The Northeast’s policy makers and
resource managers must now begin preparing for
the unavoidable consequences of climate change
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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.



122 CONFRONTING CLIMATE CHANGE IN THE U.S. NORTHEAST

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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