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EXECUTIVE SUMMARY
Within the North American region (defined for the purposes of

Within most natural and human systems in North America, cur

this report as the portion of continental North America south of

rent climate—including its variability—frequently is a limiting

the Arctic Circle and north of the U.S.-Mexico border), vul

factor. Climate, however, is only one of many factors that

nerability to climate change varies significantly from sector to
sector and from subregion to subregion. Recognition of this

projected population changes in North America and associated

determine the overall condition of these systems. For example,

variability or subregional "texture" is important in understand

changes in land use and air and water quality will continue to

ing the potential effects of climate change on North America

put pressure on natural ecosystems (e.g., rangelands, wetlands,

and in formulating viable response strategies.
The characteristics of the subregions and sectors of North

and coastal ecosystems). Projected changes in climate should
be seen as an additional factor that can influence the health and
existence of these ecosystems. In some cases, changes in cli

America suggest that neither the impacts of climate change nor

mate will provide adaptive opportunities or could alleviate the

the response options will be uniform. This assessment suggests

pressure of multiple stresses; in other cases, climate change

that there will be differences in the impacts of climate change

could hasten or broaden negative impacts, leading to reduced

across the region and within particular sectors. In fact, simply

function or elimination of ecosystems.

considering the relative climate sensitivity of different sectors
or systems within a particular subregion (i.e., climate-sensitive,

Virtually all sectors within North America are vulnerable to cli

climate-insensitive, or climate-limited) would suggest differ-'

mate change to some degree in some subregions. Although

entiated impacts. This diversity also is reflected in the available

many sectors and regions are sensitive to climate change, the

response options. Sectors and subregions will need to adopt

technological capability to adapt to climate change is readily

response options to alleviate negative impacts or take advan

available, for the most part. If appropriate adaptation strategies

tage of opportunities that not only address the impacts but are

are identified and implemented in a timely fashion, the overall

tailored to the needs and characteristics of that subregion.

vulnerability of the region may be reduced. However, uncer

Comprising most of Canada and the contiguous United States,

cacy of technological adaptation.

tainties exist about the feasibility of implementation and effi
this large area is diverse in terms of its geological, ecological,
climatic, and socioeconomic structures. Temperature, extremes

Even when current adaptive capability has been factored in,

range from well below -40°C in northern latitudes during the

long-lived natural forest ecosystems in the east and interior

winter months to greater than +40°C in southern latitudes during

west; water resources in the southern plains; agriculture in the

the summer. The regional atmospheric circulation is governed

southeast and southern plains; human health in areas current

mainly by upper-level westerly winds and subtropical weather

ly experiencing diminished urban air quality; northern

systems, with tropical storms occasionally impacting on the Gulf
of Mexico and Atlantic coasts during summer and autumn. The

ecosystems and habitats; estuarine beaches in developed

Great Plains (including the Canadian Prairies) and southeastern

among the most vulnerable sectors and regions. West coast

U.S. experience more severe weather—in the form of thunder

coniferous forests; some western rangelands; energy costs for

storms, tornadoes, and hail—than any other region of the world.

areas; and low-latitude cold-water fisheries will remain

heating in the northern latitudes; salting and snow clearance
costs; open-water season in northern channels and ports; and

Our current understanding of the potential impacts of climate

agriculture in the northern latitudes, the interior west, and

change is limited by critical uncertainties. One important

west coast may benefit from opportunities associated with

uncertainty relates to the inadequacy of regional-scale climate
projections relative to the spatial scales of variability in North

warmer temperatures or potentially from carbon dioxide

(CO2) fertilization.

American natural and human systems. This uncertainty is com

pounded further by the uncertainties inherent in ecological,
economic, and social models—which thereby further limit our

The availability of better information on the potential impacts

ability to identify the full extent of impacts or prescriptive

other important factors that influence the health and productiv

adaptation measures. Given these uncertainties, particularly the

ity of natural and human systems is critical to providing the

inability to forecast futures, conclusions about regional

lead time necessary to take full advantage of opportunities for

impacts are not yet reliable and are limited to the sensitivity

minimizing or adapting to impacts, as well as for allowing ade

and vulnerability of physical, biological, and socioeconomic

quate opportunity for the development of the necessary institu

systems to climate change and climate variability.

tional and financial capacity to manage change.

of climate change and the interaction of these impacts with

will likely be reductions in biological diversity and in the

Arid lands may increase. Current biogeographical model simu
lations indicate up to a 200% increase in leaf area index in the
desert southwest region of North America and a northern migra
tion and expansion of arid-land species into the Great Basin
region of North America. Although uncertainty exists in predic
tions of regional climate changes and simulations of ecosystem
responses to elevated CO2 and global warming, long-term

goods and services that nonforest terrestrial ecosystems pro

change in ecosystem structure and function is suggested.

Key Impacts to Physical, Biological,
and Socioeconomic Systems
Ecosystems: Nonforest Terrestrial (Section 8.3.1). The com

position and geographic distribution of many ecosystems will
shift as individual species respond to changes in climate. There

vide to society.

Landslides and debrisflows in unstable Rocky Mountain areas
Increased temperatures could reduce sub-arctic (Le., tundra
and taiga/tundra) ecosystems. Loss ofmigratory wildfowl and
mammal breeding and forage habitats may occur within the
taiga/tundra, which is projected to nearly disappear from

and possibly elsewhere could become more common as winter
wet precipitation increases, permafrost degrades, and/or glaci
ers retreat. Water quality would be affected by increased sedi

mainland areas. This ecozone currently is the home of the

ment loads. Fish and wildlife habitat, as well as roads and other
artificial structures, could be at increased risk.

majority of the Inuit population. It also provides the major
breeding and nesting grounds for a variety of migratory birds

Ecosystems: Forested (Section 8.3.2). Changes are likely in

and the major summer range and calving grounds for Canada's

the growth and regeneration capacity of forests in many subre-

largest caribou herd, as well as habitat for a number of eco

gions. In some cases, this process will alter the function and
composition of forests significantly.

logically significant plant and animal species critical to the

subsistence lifestyles of the indigenous peoples. Current biogeographic model projections suggest that tundra and

Forests may die or decline in density in some regions because

taiga/tundra ecosystems may be reduced by as much as twothirds of their present size, reducing the regional storage of

of drought, pest infestations, and fire; in other regions, forests
may increase in both area and density. Models suggest that

carbon in the higher latitudes of North America—which may

total potential forest area could increase by as much as

shift the tundra region from a net sink to a net source of CO2

25-44%. For some individual forest types, however, range

for the tundra region.

expansions could be preceded by decline or dieback over

The relatively certain northward shift ofthe southern boundary

adjusting, but before an equilibrium is attained. Even though

ofpermafrost areas (projected to be about 500 km by the mid
dle of the 21st century) will impact ecosystems, infrastructure,
and wildlife in the altered areas through terrain slumping,

could produce losses in forest area in the United States.

19-96% of their area while the climate and ecosystems are
total forest area could increase, northward shifts in distribution

increased sediment loadings to rivers.and lakes, and dramati

Geographic ranges offorest ecosystems are expected to shift

cally altered hydrology; affected peatlands could become

northward and upward in altitude, but forests cannot move

sources rather than sinks for atmospheric carbon. Projections

across the land surface as rapidly as climate is projected to

suggest that peatlands may disappear from south of 60°N in the

change. The faster the rate of climate change, the greater the

Mackenzie Basin; patchy arctic wetlands currently supported

probability of ecosystem disruption and species extinction.

by surface flow also may not persist.

Climate-induced dieback could begin within a few decades

from the present and might be enhanced by increases in pest

:,'■!

Elevated CO2 concentrations may alter the nitrogen cycle,
drought survival mechanisms (e.g., the rate of depletion of soil

infestations and fire. Alternatively, forest growth

might

increase in the early stages of global wanning, followed by

water by grasses), and fire frequency—potentially decreasing

drought-induced forest dieback after higher temperatures have

forage quality and impacting forage production on rangelands.

significantly increased evaporative demand. Migration into

Increases in CO2 and changes in regional climate could exacer

colder areas may be limited by seed dispersal (e.g., barriers

bate the existing problem of loss of production on western range-

may exist because of urbanization and changing land-use pat

lands related to woody and noxious plant invasions by acceler

terns), seedling establishment, and poor soils. As forests

ating the invasion of woody Cj plants (many crop and tree

expand or contract in response to climate change, they will

species) into mostly C4 (tropical grasses, many weed species )

likely either replace or be replaced by savannas, shrublands, or

grasslands. Mechanisms include changes in water-use efficiency

grasslands. Imbalances between rates of expansion and con

(WUE), the nitrogen cycle (increase in carbon-to-nitrogen ratio

traction could result in a large pulse of carbon to the atmos

and concentrations of unpalatable and toxic substances), drought

phere during the transition.

survival mechanisms, and fire frequency. Growth and reproduc
tion of individual animals could decrease as CO2 concentrations

Longer fire seasons and potentially more frequent and larger

rise, without dietary supplementation. However, the data are

fires are likely. Because of decades of fire suppression—

ambiguous, and production may increase in some grassland

resulting in higher forest densities and increased transpira

ecosystems. Uncertainty exists in our ability to predict ecosys

tion—forests in the continental interior are experiencing

tem or individual species responses to elevated CO2 and global

increased drought stress; pest infestations; and catastrophic,

warming at either the regional or global scale.

stand-replacing fires, potentially resulting in changes in

species composition. Future climate could result in longer fire
seasons and potentially more frequent and larger fires in all
forest zones (even those that currently do not support much
fire), due to more severe fire weather, changes in fire man
agement practices, and possible forest decline or dieback.
Hydrology and Water Resources (Section 8.3.3). Water is a
linchpin that integrates many subregions and sectors. Water
quantity and quality will be directly affected by climate

change. Available water supplies also will be affected by
changes in demand from multiple sectors competing for water
resources. Changes in the hydrological cycle will cause
changes in ecosystems—which will, in turn, affect human
health (e.g., by altering the geographic distribution of infec
tious diseases) and biological diversity.

Increases or decreases in annual runoffcould occur over much
ofthe lower latitudes and in midcontinental regions ofmid and
high latitudes. Increases in temperature lead to a rise in evapotranspiration—which, unless offset by large increases in pre
cipitation or decreases in plant water use, results in declines in

frequently in the north-central regions of North America.
These wetlands currently yield 50-75% of all waterfowl pro
duced annually in North America. In the Mackenzie delta of
arctic Canada, many lakes could disappear in several decades
because of decreased flood frequency and less precipitation.
Ice-jam patterns are likely to be altered In New England, the
Atlantic provinces, the Great Lakes, and central Plains areas, as

well as northern regions susceptible to spring flooding,
changes in late winter-early spring precipitation patterns could
result in diminished frequency of ice jams and flooding.
Damages caused by these events currently are estimated to cost
Canadians CAN$60 million and Americans US$100 million
annually, though northern deltas and wetlands appear to
depend on the resulting periodic recharge. Depending on the
specific pattern of altering climate, mid-latitude areas where
ice jams presently are uncommon—such as the prairies; central
Ontario and Quebec; and parts of Maine, New Brunswick,
Newfoundland, and Labrador—may suffer from an increase in
frequency and/or severity of winter breakup and associated
jamming.

runoff, lake levels, and groundwater recharge and levels. The
greatest impact of declines in supply will be in arid and

semi-arid regions and in areas with a high ratio of use relative
to available renewable supply, as well as in basins with multi
ple competing uses. Alternatively, regions that experience sub
stantial increases in precipitation are likely to have substantial
increases in runoff and river flows.

Increases in hydrological variability (larger floods and longer
droughts) are likely to result in increased sediment loading and
erosion, degraded shorelines, reductions in water quality,
reduced water supply for dilution ofpoint-source water pollu
tants and assimilation of waste heat loads, and reduced stabil

the snowpack builds later and melts sooner. Snow- or glacier-

ity of aquatic ecosystems. Projected changes in snowfall and
snowmelt—as well as suggested increases in warm-period
rainfall intensity—could shift the periodicity of the flood
regime in North America, possibly stressing the adequacy of
dams, culverts, levees, storm drains, and other flood prevention
infrastructures. The impacts of flooding are likely to be largest
in arid regions, where riparian vegetation is sparse; in agricul
tural areas during winter, when soils are more exposed; and in
urban areas with more impervious surfaces. Increases in hydrological variability may reduce productivity and biodiversity in

Climate projections suggest increased runoff in winter and
early spring but reduced flows during summer in regions in
which hydrology is dominated by snowmelt. Glaciers are

expected to retreat, and their contributions to summer flows

will decline as peak flows shift to winter or early spring. In
mountainous regions, particularly at mid-elevations, warming

leads to a long-term reduction in peak snow-water equivalent;
fed river and reservoir systems that supply spring and summer

streams and rivers and have large impacts on water resources

flow during the critical periods of high agricultural and munic

management in North America, with increased expenditures

ipal demand and low precipitation may tend to release their

for flood management. Increases in water temperature and
reduced flows in streams and rivers may result in lower dis
solved oxygen concentrations, particularly in summer lowflow periods in low- and mid-latitude areas.

water earlier in the year, which would reduce supplies during
summer droughts. Water supplies and water quality, irrigation,

hydroelectric generation, tourism, and fish habitat, as well as
the viability of the livestock industry, may be negatively
impacted. The Great Plains of the United States and prairie

regions of Canada and California are particularly vulnerable.

Altered precipitation and temperature regimes may cause

lower lake levels, especially in midcontinental regions and,
along with the seasonal pattern and variability of water levels
of wetlands, thereby affect their functioning—including flood
protection, water filtration, carbon storage, and waterfowl/

wildlife habitat. The response of an affected wetland varies; it
might include migration along river edges or the slope of a

Projected increases in human demandfor water would exacer
bate problems associated with the management of water sup
ply and quality. Managing increased water demands will be
particularly problematic in regions experiencing increases in
variability and declines in runoff. Improved management of
water infrastructure, pricing policies, and demand-side man
agement of supply have the potential to mitigate some of the
impacts of increasing water demand.
Food and fiber: Agriculture (Section 8.3.4). As the climate

receding lake and/or altered vegetation species composition.

warms, crop patterns will shift northward. Most studies of

Long-term lake levels would decline to or below historic low
levels in the Great Lakes under several climate change sce

these shifts have focused on changes in average climate and

narios. Prairie pothole lakes and sloughs may dry out more

ed for changes in climate variability, water availability, and

assume farmers effectively adapt. They have not fully account

imperfect responses by farmers to changing climate. Future

to harm agriculture enough to significantly affect the overall

consideration of these factors could either increase or decrease

economy ofNorth America. The economic consequences of cli

the magnitude of changes projected by these earlier studies.

mate change to U.S. agriculture are expected to be both posi

Climate modifications that lead to changes in daily and inter-

variability in daily and interannual temperature and precipita

precipitation changes that occur in specific subregions.
Subregions of North America that are dependent on agriculture
may be more vulnerable than areas offering economic diversi
ty. The Great Plains area, for example, relies heavily on crop
and livestock production and, as a result, is potentially vulner
able to climate change, with negative consequences projected
for southern extremes and potential positive impacts in north

tion are likely to be as important or more important than the

ern areas as temperatures rise. Wanner temperatures at north

tive and negative, depending on the nature of temperature and
annual variability in temperatures and, in particular, precipi-

tation will impact crop yields. Although changes in average
temperature and precipitation can be expected to impact agri
culture, few studies have considered the effects of increased

climate variability on crop and livestock production. Increased

effects of mean changes in climate. Droughts, floods, and

ern latitudes may lessen the adverse effects of frost damage,

increased risks of winter injury will contribute to a greater fre

but the risk of early- and late-season frost will remain a barri

quency and severity of crop failure. An increased reliance on

er to the introduction of new crops.

precision farming has increased vulnerability to climate vari
ability outside a narrow range of change. These impacts are
projected to be both site- and crop-specific; reliable forecasts
for such occurrences, however, are not yet regionally available.

Consumers and producers could gain or lose; the long-term
stability of the forest-products market is uncertain. Consumer
prices could increase by 100-250% with severe forest dieback,
producing losses of 4-20% of the net value of commercial

The direct effects ofa doubling ofCO2 on crop yields are large

forests. Alternatively, consumer prices could decrease with

ly beneficial Food and fiber production for crops like cotton,

increased forest growth and harvest in Canada, and producers

soybean, and wheat are expected to increase an average of 30%

could sustain economic losses. With exports from Canada to

(range -10% to +80%) in response to a doubling of CO2 con

centration. The magnitude of this response will be highly vari

the United States, however, the net changes (consumers plus
producers) could be negative for Canadians and positive for the

able and will depend on the availability of plant nutrients, tem

U.S. market.

perature, and precipitation.
Food and Fiber: Production Forestry (Section 8.3.5). The

Crop losses due to weeds, insects, and diseases are likely to

most intensively managed industry andprivateforestlands may

increase and may provide additional challenges for agricultur

be least at risk oflong-term declinefrom the impacts ofclimate

al sector adaptation to climate change. Less severe winters due

change because the relatively high value of these resources is

to climate change may increase the range and severity of insect

likely to encourage adaptive management strategies. Private

and disease infestations. Increasing pressure to reduce chemi

cal inputs (i.e., pesticides) in agriculture will necessitate a

forest managers have the financial incentive and the flexibility
to protect against extensive loss from climate-related impacts.

greater emphasis on concepts of integrated pest management

They can use several available techniques: short rotations to

and targeted application of agricultural chemicals through pre

reduce the length of time that a tree is influenced by unfavor

cision agricultural technologies.

able climate conditions; planting of improved varieties devel
oped through selection, breeding, or genetic engineering to

Recent analyses of issues of long-run sustainability associated

reduce vulnerability; and thinning, weeding, managing pests,

with agricultural adaptation to climate change from an arbi

irrigating, improving drainage, and fertilizing to improve gen

trary doubling of equivalent CO2 concentrations have con

eral vigor. Such actions would reduce the probability of mois

cluded that there is considerably more sectoral flexibility and

ture stress and secondary risks from fire, insects, and disease.

adaptation potential than was found in earlier analyses. Much

However, the more rapid the rate of climate change, the more

of this reassessment arises from a realization that the costs and

it may strain the ability to create infrastructure for seedling or

benefits of climate change cannot be adequately evaluated

planting of trees, or to support the supply of timber if there is

independently of behavioral, economic, and institutional

a large amount of salvage. A fast rate of warming also may

adjustments required by changing climate. Although scientific

limit species constrained by slow dispersal rates and/or habitat

controversy over the nature and rate of climate change remains,

fragmentation, or those that are already stressed by other fac

most existing scenarios suggest gradual changes in mean cli

tors, such as pollution.

mate over decades—providing ample opportunities for adapta

tion measures to be implemented within vulnerable subregions

Food and Fiber: Fisheries and Aquatic Systems (Section

of North America. However, uncertainties remain about the

8.3.6). Aquatic ecosystem functions will be affected by climate

implications of changes in climate variability, as well as crop

change, although the effects are likely to vary in magnitude and

responses to increases beyond a doubling of equivalent atmos

direction depending on the region.

pheric CO2 concentrations.
Projected increases in water temperature, changes in freshwa

Existing studies that have looked at changes in mean tempera
ture and precipitation suggest that climate change is not likely

ter flows and mixing regimes, and changes in water quality
could result in changes in the survival, reproductive capacity,

and growth offreshwater fish and salmonid and other anadromous species. In larger, deeper lakes—including the Great

spatial distribution of marine fish species and the competitors
and predators that influence the dynamics of these species.

Lakes and many high-latitude lakes—increases in water tem

Growth rates, ages of sexual maturity, and distributions of some

perature may increase the survival and growth of most fish
species. In smaller, mid-latitude lakes and streams, however,
increased water temperatures may reduce available habitat for
some cold-water and cool-water species. Increased production
rates of food (e.g., plankton) with warmer water temperature
(e.g., plankton production increases by a factor of 2-4 with
each 10°C increase) also may increase fish productivity.

marine fish species are sensitive to water temperatures (e.g.,

However, shifts in species composition of prey with warming
may prevent or reduce productivity gains if preferred prey

cold temperatures typically result in delayed spawning, where
as warm temperatures result in earlier spawning), and long-term
temperature changes can lead to expansion or contraction of the

distribution ranges of some species. These changes generally
are most evident near the northern or southern species bound

aries (i.e., warming resulting in a distributional shift northward,
and cooling drawing species southward).

species are eliminated or reduced. Warmer freshwater temper

The survival, health, migration, and distribution ofmany North

atures and changes in the pattern of flows in spawning

American marine mammals and sea turtles are expected to be

streams/rivers could reduce the abundance of salmon, although

impacted by projected changes in the climate through impacts

individual size may increase from improved growth in the

on their food supply, sea-ice extent, and breeding habitats.

warmer water. Increases in temperature in freshwater rearing

Although some flexibility exists in their need for specific habi

areas and increased winter flows may increase mortality for

tats, some marine mammals and sea turtles may be more

stocks in southern rivers on the west coast.

severely affected than others by projected changes in the avail

Freshwater species distributions could shift northward, with
widespreadlsubregional species extinction likely at the lower

beaches; in food supplies; and in associated prey species.
Concerns are the result primarily of projected changes in sea

latitudes and expansion at the higher latitudes of species

sonal sea-ice extent and accelerated succession or loss of

ranges. For example, a 3.8°C increase in mean annual air tem

coastal ecosystems as a result of projected rises in sea level.

ability of necessary habitat, including pupping and nesting

perature is projected to eliminate more than 50% of the habitat
of brook trout in the southern Appalachian mountains, where

Coastal Systems (Section 8.3.7). The implications of rising

as a similar temperature increase could expand the ranges of

sea level are well understood, in part because sea level has

smallmouth bass and yellow perch northward across Canada

been rising relative to the land along most of the coast of North

by about 500 km. Whether fish are able to move or will

America for thousands of years. Some coastal areas in the

become extinct in response to changes in or loss of habitat will

region will experience greater increases in sea level than oth

depend on the availability of migration routes.

ers. Adaptation to rising seas is possible, but it comes at eco
logical, economic, and social costs.

Recreational fishing is a highly valued activity that could incur
losses in some regions resulting from climate-induced changes
in fisheries. The net economic effect of changes in recreational
fishing opportunities is dependent on whether the gains in cooland warm-water fish habitat offset the losses in cold-water fish
habitat. The loss of fishing opportunities could be severe in some
parts of the region, especially at the southern boundaries of fish
species' habitat ranges. Although gains in cool- and warm-water
fishing opportunities may offset losses in cold-water fishing
opportunities, distributional effects will cause concern.

In the next century, rising sea level could inundate approxi
mately 50% ofNorth American coastal wetlands and a signifi
cant portion of dry land areas that currently are less than 50

cm above sea level In some areas, wetlands and estuarine
beaches may be squeezed between advancing seas and engi
neering structures. A 50-cm rise in sea level would cause a net
loss of 17-43% of U.S. coastal wetlands, even if no additional
bulkheads or dikes are erected to prevent new wetland creation

as formerly dry lands are inundated. Furthermore, in the United
States, 8,500-19,000 km2 of dry land are within 50 cm of high

There will likely be relatively small economic and food supply

tide, 5,700-15,800 km2 of which currently are undeveloped.

consequences at the regional/national level as a result of the

Several states in the United States have enacted regulations to

impacts on marine fisheries; however, impacts are expected to

adapt to climate change by prohibiting structures that block the

be more pronounced at the subregional and community levels.
The adaptability of fisheries to current climate variability and
the relatively short time horizons on capital replacement (ships

Atlantic, south Atlantic, and Gulf coasts are likely to lose large

landward migration of wetlands and beaches. The

mid-

areas of wetlands if sea-level rise accelerates.

and plants) will minimize the regional- and national-level

impacts of projected climate change. At the subregional and

Coastal areas in the Arctic and extreme North Atlantic and

community levels, however, positive and negative impacts can

Pacific are less vulnerable, except where sea ice and/or per

be significant as a result of suggested shifts in the centers of

mafrost currently is present at the shoreline. Recent modeling

production and ensuing relocation of support structures,

suggests that projected increases in ocean fetches as a result of

processors, and people.

decreases in the period and extent of sea-ice cover could

Projected changes in water temperatures, as well as salinity

coastal erosion during the open-water season. Maximum

and currents, can affect the growth, survival, reproduction, and

coastal erosion rates are expected to continue in those areas

increase wave heights by 16-40% and therefore increase

where permafrost contains considerable pore, wedge, or mas

ed changes in the frequency or intensity of these events are of

sive ice or where the permafrost shoreline is exposed to the sea.

concern because of the implications for social and economic
costs in a number of sectors. For example, extreme weather

Rising sea level is likely to increase flooding of low-lying

events can cause direct physical harm to humans; disrupt

coastal areas and associated human settlements and infrastruc

health infrastructure, causing contamination of water systems

ture. Higher sea levels would provide a higher base for storm

and creating breeding sites for insects or favorable conditions
for rodents that carry diseases; and affect construction costs,

surges; a 1-m rise would enable a 15-year storm to flood many
areas that today are flooded only by a 100-year storm. Sea-level

insurance fees and settlement costs, and offshore oil and gas

rises of 30 cm and 90 cm would increase the size of the

exploration and extraction costs.

100-year floodplain in the United States from its 1990 estimate

of 50,500 km2 to 59,500 km2 and 69,900 km2, respectively.
Assuming that current development trends continue, flood dam

Climate warming could result in increased demandfor cooling
energy and decreased demand for heating energy, with the

ages incurred by a representative property subject to sea-level

overall net effect varying among geographic regions. Changes

rise are projected to increase by 36-58% for a 30-cm rise and
by 102-200% for a 90-cm rise. In Canada, Charlottetown,

in a net saving overall for North America. Projected increases

Prince Edward Island appears to be especially vulnerable, with

in temperature could reduce energy use associated with space

in energy demand for comfort, however, are expected to result

some of the highest-valued property in the downtown core and

heating [e.g., a 1°C increase in temperature could reduce U.S.

significant parts of the sewage systems at risk.

space-heating energy use by 11% of demand, resulting in a cost

saving of $5.5 billion (1991$US)]. It also has been projected
Saltwater is likely to intrude further inland and upstream.

that a 4°C warming could decrease site energy use for com

Higher sea level enables saltwater to penetrate farther upstream

mercial-sector heating and cooling by 13-17% and associated

in rivers and estuaries. In low-lying areas such as river deltas,

primary energy by 2-7%, depending on the degree to which

saltwater intrusion could contaminate drinking water and

advanced building designs penetrate the market. If peak

reduce the productivity of agricultural lands.

demand for electricity occurs in the winter, maximum demand
is likely to fall as a result of projected temperature changes,

Human Settlements and Industry (Section 8.3.8). Climate

whereas if there is a summer peak, maximum demand will rise.

change and resulting sea-level rise can have a number of direct
effects on human settlements, as well as effects experienced

The technological capacity to adapt to climate change is like

indirectly through impacts on other sectors:

ly to be readily available in North America, but its application
will be realized only if the necessary information is available

Potential changes in climate could have positive and negative

(sufficiently far in advance in relation to the planning horizons

impacts on the operation and maintenance costs of North

and lifetimes ofinvestments) and the institutional andfinancial

American land and water transportation systems. Higher tem

capacity to manage change exists. Some adaptations can be

peratures are expected to result in lower maintenance costs for

made without explicit climate predictions through increasing

northern transportation systems, especially with fewer freeze-

the resilience of systems, such as greater flood control, larger

thaw cycles and less snow. However, some increased pavement

water reservoirs, and so forth, but these approaches are not

budding is a possibility because of projected longer periods of

without social and economic costs. Rapid changes in climate

intense heat. Problems associated with permafrost thawing in

and associated acceleration of sea-level rise would limit adap

the Bering Sea region could be particularly severe and costly.

tation options, thereby putting considerable strain on social and

River and lake transportation could be somewhat more diffi

economic systems and increasing the need for explicit adapta

cult, with increases in periods of disruption as a result of pro

tion strategies.

jected decreases in water levels (e.g., the Mississippi River and
the Great Lakes-St. Lawrence Seaway system). Increases in the

Human Health (Section 8.3.9). Climate can have wide-ranging

length of the ice-free season could have positive impacts for

and potentially adverse effects on human health through direct

commercial shipping on the inland waterways and in northern

pathways (e.g., thermal stress and extreme weather/climate

ports (e.g., Arctic Ocean ports).

events) and indirect pathways (e.g., disease vectors and infec

Projected changes in climate could increase risks to property

substances, and food production).

tious agents, environmental and occupational exposures to toxic
and human health/life as a result ofchanges in exposure to nat
ural hazards (e.g., wildfire, landslides, and extreme weather

Direct health effects include increased heat-related mortality

events). A large and increasing number of people and their

and illness and the beneficial effects of milder winters on

property in North America are vulnerable to natural hazards.

cold-related mortality. Under a warmer North America, cur

Projected changes in wildfires and landslides could increase

rent models indicate that by the middle of the next century,

property losses and increase disruptions and damages to urban

many major cities could experience as many as several hun

and industrial infrastructure (e.g., road and rail transportation

dred to thousands of extra heat-related deaths annually. The

and pipeline systems). Although some questions remain

elderly, persons with preexisting health conditions, and the

regarding the extent and regional reflections of changes in

very young (0-4 years) are most vulnerable to heat stress.

extreme weather events as a result of climate changes, project

Gradual acclimatization to increasing temperatures, the use of

Ifc^'air conditioners, and an adequate warning system for heat

to occur simultaneously and in concert with changes in popula

V^h.' been suggested that winter mortality rates may decrease in the

social changes, however, adds to the complexity of the impact
assessment and the choice of appropriate responses.

i^if; waves may help reduce heat-related deaths. Conversely, it has

\ ■£ jl^ilr future with warmer winter temperatures.
-■M

Climate warming may exacerbate respiratory disorders asso

ciated with reduced air quality and affects the seasonally of
certain allergic respiratory disorders. Concurrent hot weather
and exposure to air pollutants can have synergistic impacts on
health. Recent studies show a positive correlation between
ground-level ozone and respiratory-related hospital admissions
in the United States and Canada. Increased temperatures under
climate change could lead to a greater number of days on
which ozone levels exceed air quality standards. Global warm
ing also may alter the production of plant aero-allergens, inten
sifying the severity of seasonal allergies.

Changing climate conditions may lead to the northward spread
of vector-borne infectious diseases and potentially enhanced
transmission dynamics due to warmer ambient temperatures.
Vector-borne infectious diseases (e.g., malaria, dengue fever,
encephalitis) and waterborne diarrheal diseases currently cause
a large proportion of global fatalities. Temperature increases
under climate change are expected to enlarge the potential
transmission zones of these vectors into temperate regions of
North America. Some increases in waterborne diseases may
occur due to changes in water distribution, temperature, and
microorganism proliferation under climate change. However,
the North American health infrastructure likely would prevent
a large increase in the actual number of vector-borne and
waterborne disease cases.

Integrative Issues (Section 8.4). Taken individually, responses
to any one of the impacts discussed here may be within the capa
bilities of a subregion or sector. The fact that they are projected

tion, technology, and economics and other environmental and

This assessment highlights a number of the uncertainties that
currently limit our capability to understand the vulnerability of
subregions and sectors of North America and to develop and
implement adaptive strategies to reduce that vulnerability. The
following research and monitoring activities are considered

key to reducing these uncertainties:
•

•

Improve regional and subregional projections of cli
mate change that consider the physiographic charac
teristics that play a significant role in the North
American climate (e.g., the Great Lakes, the nature of
the coasts, and mountain ranges), and incorporate
biosphere-atmosphere feedbacks.
Improve projections of changes in weather systems
and variability, including extremes.

•

•

Develop a better understanding of physiological and
ecosystem processes, with particular emphasis on
direct CO2 effects and how the CO2 effects might be
enhanced or diminished by nitrogen-cycle dynamics.
Identify sensitivities and relative vulnerabilities of
natural and social systems, including the availability
of the necessary physical, biological, chemical, and
social data and information.

•

Identify beneficial impacts or opportunities that may
arise as a result of climate change.

•

Develop integrated assessments of impacts.

•

Define viable response options that recognize the dif

ferentiated and integrative nature of the impacts and
response options and the specific needs of sectors and
subregions of North America.

