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The Assessment's purpose is to synthe-
size, evaluate, and report on what we
presently know about the potential con-
sequences of climate variability and
change for the US in the 21st century. It
has sought to identify key climatic vul-
-nerabilities of particular regions and sec-
‘tors, In the context of other changes in
- the nation’s environment, resources, and
.economy. It has also sought to identify
-potential measures to adapt to climate
“variability and change. Finafly, because
. present knowledge is limited, the
Assessment has sought to identify the

_' : i'hlghest priotity uncertainties about -
- which we must know more to understand

S jcl:mate fmpacts, vulnerabllltres, and our
_ 'abﬂrty to adapt -

. This first National Assessment involved

- both stakeholders and scientific experts

= ."Stakeholders included, for example, pub-

“lic and private decision makers, resource

oy ._and environmental managers, andthe .
ok .'-general public. The stakeholders from

~*“ different reglons and sectors began the

. .. B Assessment by artreutatrng thelr con- . .
. .cems In a series of ‘workshops about cli-
- mate change !mpacts in the context of

the other major issues they fage. In the

e ﬁ_ }jworkshops and subsequent consulta-
. ' tions, stakeholders rdentrfred prronty

: .iregrona! and sector concems, mObEIIZEd

i -"specrahzed expertise, identified pofential

_adaptatlon options, and provrded useful
- information for decision- makers. The

e Assessment also involved many scientif-
1 cexperts using advanced ‘methods,
T models, and results. Further, it has stim-

ulated new scientific research in many
) "-_areas and identified priority needs for
further research

w AT
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Although global change embraces many
interrelated issues, this first National
Assessment has examined only climate
change and variability, with a primary
focus on specific regions and sectors, .

In some cases, regional and sector -
analyses intersect and complement each
other. For example, the Forest sector
and the Pacific Northwest have both pro-

vided insights into clrmate |mpacts on.

Northwest forests

The regmns coverthe natron Impacts_
outside the US are considered only

: brreﬂy, with partrcular emphasrs on

potential linkages to the US.. ‘Sector

" teams examined Water, Agnculture,

- Human Health, Forests, and Coastal
- Areas and Marine Resources, This frrst i

: _'3'Assessment could not attempt tohe

. comprehensive: the choice of these frve K
e secters reflected an expectatron that: . ..
- they were Tikely to be both mportant and o
. particularly mfonnatrve, and that relevant_
" data and analytrc fools were auellable =

nota conclusron that they are the only _
mportant don ams of climate :mpaet
ctors considered, there -

.~ was a continuum in the amount of mfor- -

* mation available to support the - 5

7As ssment with some being at far ear- . o

‘lier stages ofdevelopment Future R
) -"'assessments should consrder other
___'f-potentially rmportant issues, such as R

U Energy, Transportatron, Urhan Areas e
:-."ami erdlrfe. . AR

Eaeh regronaE and sector team |s pub-
lishing a separate report of its own
analyses, some of which are still contin-
uing. The Overview and Foundation

'reports eonsequently represent asnap-

shot of our understandmg at the present
trme. :

Responses to climate change can he of
two broad types. One type involves
adaptatron measures to reduce the -
harms and rlsks, and maximize the hene-
fits and opportumtres, of climate change,

thatever its cause. The other type -

' mvolves mltlgatron measures to reduce e
" human contributions to climate change.

" After rdentrfymg potentral |mpacts, ]

Assessment sought to Identify potentral

B adaptatron measures for eaoh regio. _and e .




: No An mtegrated climate policy will
: cornbme mttlgat[on and adaptatlon '

' easures : as appropriate, If future world L

- emissions of greenholse gases are .

- lower than currently projected, for what? :
' Iudmg mtentlonal mttlga-

te of climate change, the

ociated impacts, and the cost and dlf :

u:ulty of a ptmg will all be reduced I

State of- the -sgience chmate models have

been used to generate climate change

- Eenarios. Computer models of ecolog:—
.:'cal systems, hydrologtcal systems, and .

various socioeconontic systems have

& '_Thl.'s Overview and the underlying
- Foundation document have been exten- _
. swety rewewe_ti ‘More than 300 scaentlfle :

also been used in the Assessment,fo - - T
 study responses of these systems tothe
ﬁ scenanos generated by chmate modets




\BOUT SCENARIOS AND UNCERTAINTY

s _ -._ZScenar:os are pIaUSIbIe altematwe futures each an example of what might happen under part:cular
" assiimptions. Scenarios are not specific predictions or forecasts. Rather, scenarios provide a starting
'--'ppl_nt for exammmg questwns about an uncertam future and can help us visualize alternative futures in

_'_:.':Many of the maps : ?

‘the. future'that assumes no i}
portant assumpt:ons in thls o




" Net Radiafive Forcing from 2000 to 2100

: (wa'lt_sfsquare meter}

The graph shows a comparison
of the projections of tofal car-
bon dioxide emissions (in bil-
lions of metric tons of carbon,
GtC) and the human-induced
warming influence due {o all
the greenhouse gases and sul-
fate aerosols for the emissions
scenarios prepared by the IPCC
in 1992 and 2000. As is appar-
ent from the graph, both the
emissions scenario and the
human-induced warming influ-
ence assumed in this
Assessment lie near the mid-
range of the set of IPCC sce-
= I — narios. Further detail can be
1600 : : found in the Climate chapter in

Cumulative Carbon Emissions during 21st Century {G1C) the Foundation report.
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To mtegrate a wide variety of mformatlon and dlfferentlate more llkely from less llke!y outcomes, the NAST

oped a common language to express the team’s considered }udgement about the likelihood of results.

‘The NAST developed its collective judgements through discussion and consideration of the su pporting

tion, Historical data, model propcttons, publlshed scientific literature, and other available informa-

ona provided mpu: to fhese deiiberations, except where specifically stated that the result comes from a

lar model scenario. In developing these judgements, there were often several lines of supportmg
vidence (e.g drawn from observe:l trends, analyttc studles, mode} s:mulations) Many of these judge-:

e based on broad scientific consensus as stated hy weil recognized authorities mc!udmg the
IPCC and the National Research Council. In many cases, groups outside the NAST rewewed the use of -

prowde mput from a broader set of experts m a partlcuiar fleld

Both the emissions
scenario and the
human-induced
warming influence
assumed in this
Assessment lie
near the mid-range
of the sef of IPCC
scenarios.







SUMMARY

The findings in this report
are hased on a synthesis
of historical data, model
projections, published sci-
entific research, and other
available information,
except where spacifically
hoted.

CLIMATE CHANGE AND OUR NATION

L ong-term observations confirm that our climate is now changing at a rapid rate.
Over the 20th century, the average annual US temperature has risen by almost
1°F (0.6°C) and precipitation has increased nationally by 5 to 10%,mostly due to
increases in heavy downpours. These trends are most apparent over the past few
decades. The science indicates that the warming in the 21st century will be signifi-
cantly larger than in the 20th century. Scenarios examined in this Assessment,
which assume no major interventions to reduce continued growth of world green-
house gas emisslons,indicate that temperatures in the US will rise by about 5-8°F
(3-5°C) on average in the next 100 years,which is more than the projected global
increase. This riso Is very likely to be associated with more extreme precipitation
and faster evaporation of water, leading to greater frequency of both very wet and
very dry conditions.

This Assessment reveals a number of nationallevel impacts of climate variability and
change including impacts to natural ecosystems and water resources. Natural
ecosystems appear to be the most vulnerable to the harmful effects of climate
change,as there is often little that can be done to help them adapt to the projected
speed and amount of change. Some ecosystems that are already constrained by cli-
mate,such as alpine meadows in the Rocky Mountains,are likely to face extreme
stress,and disappear entirely in some places. It is likely that other more widespread
ecosystems will also be vulnterable to climate change. One of the climate scenarios
used in this Assessment suggests the potential for the forests of the Southeast to
break up into a mosaic of forests,savannas, and grasslands. Climate scenarios sug-
gest likely changes in the species composition of the Northeast forests,including
the loss of sugar maples. Major alterations to natural ecosysteins due to climate
change could possibly have negative consequences for our economy, which
depends in part on the sustained bounty of our nation’s lands, waters,and native
plant and animal communities.

A unique contribution of this first US Assessment is that it combines national-scale
analysis with an examination of the potential impacts of climate change on different
reglons of the US. For example,sealevel rise will very likely cause further loss of
coastal wetlands (ecosystems that provide vital nurseries and habitats for many fish
spectes) and put coastal communities at greater risk of storm surges,especially in
the Southeast. Reduction in snowpack will very likely alter the timing and amount
of water supphes,potentially exacerbating water shortages and conflicts,particular-
ly throughout the western US. The melting of glacters in the high-elevation West
and in Alaska represents the loss or diminishment of unique national treasures of
the American landscape. Large increases in the heat index (which combines tem-
perature and humidity) and increases in the frequency of heat waves are very likely.
These changes will,at minimum,increase discomfort,particularly in cities. It is very
probable that continued thawing of permafrost and melting of sea ice in Alaska will
further damage forests,buildings, roads,and coastlines,and harm subsistence liveli-
hoods. In various parts of the nation,cold-weather recreation such as skiing will
very likely be reduced,and air conditioning usage will very likely increase.



Highly managed ecosystems appear more robust, and some potential bene-
fits have been identified. Crop and forest productivity is likely to increase in
some areas for the next few decades due to increased carbon dioxide in the
atmosphere and an extended growing season. It is possible that some US
food exports could increase,depending on impacts in other food-growing
regions around the world. It is also possible that a rise in crop production
in fertile areas could cause prices to fallbenefiting consumers. Other bene-
fits that are possible include extended seasons for construction and warm
weather recreation, reduced heating requirements,and reduced cold-weath-
er mortality,

Climnate variability and change will interact with other environmental stress-
es and socioeconomic changes. Air and water pollution,habitat fragmenta-
tion, wetland loss,coastal eroston,and reductions in fisheries are likely to be
compounded by climate-related stresses. An aging populace nationally, and
rapldly growing populations in cities,coastal areas,and across the South and
West are social factors that Interact with and alter sensitivity to climate vari-
ability and change.

There are also very likely to be unanticipated impacts of climate change dur-
ing the next eentury. Such "surprises” may stem from unforeseen changes in
the physical climate system,such as major alterations In ocean circulation,
cloud distribution,or storms;and unpredicted biological consequences of
these physical climate changes,such as massive dislocations of species or
pest outbreaks, In addition,unexpected social or economic change,includ-
ing major shifts in wealth technology, or political priorities,could affect our
ability to respond to climate change.

Greenhouse gas emissions lower than those assumed in this
Assessment would result in reduced impacts. The signatory
nations of the Framework Conveniion on Climate Change
are negotiating the path they will ultimately take. Even
with such reductions,however, the planet and the
nation are certain to experience more than a century
of climate change,due to the long lifetimes of
greenhouse gases already in the atmosphere and
the momentum of the climate system. Adapting
to a changed climate is consequently a neces-
sary component of our response strategy.

The warming in the 21st century
will be significantly farger than in
the 20th century.

Natural ecosystems, which are
our life support system in many
important ways, appear fo be the
most vulnerable to the harmful
effects of climate change...

Major afferations to natural
ecosystems due to climate
change could possibly have
negative consequences for our
economy, which depends in part
on the sustained bounty of our
natfon’s fands, waters, and
native plant and animaf commu-
nitfes. o o
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CLIMATE CHANGE AND OUR NATION

A daptation measures can,in many cases, reduce the magnitude of harmful
impacts,or take advantage of beneficial impacts. For example,in agriculture,
many farmers will probably be able to alter cropping and management practices,
Roads,bridges,buldings,and other longlived infrastructure can be designed taking
projected climate change into account. Adaptations,however, can involve trade-offs,
and do involve costs. For example,the benefits of building sea walls to prevent sea-
level rise from disrupting human coastal communities will need to be weighed
against the economic and ecological costs of seawall construction. The ecological
costs could be high as seawalls prevent the inland shifting of coastal wetlands in
response to sealevel rise, resulting in the loss of vital fish and bird habitat and other
wetland functions,such as protecting shorelines from damage due to storm surges.
Protecting against any increased risk of water-borne and insect-borne diseases will
require diligent maintenance of our public health system. Many adaptations,
notably those that seek to reduce other environmental stresses such as pollution
and habitat freigmentation,wﬂl have beneficial effects beyond those related to cli-
mate change.

Vulnerability in the US is linked to the fates of other nations,and we cannot evalu-
ate national consequences due to climate varlability and change without also con-
sidering the consequences of changes elswhere in the world, The US is linked to
other nations in many ways,and both our vulnerabilittes and our potential respons-
es will likely depend in part on impacts and responses in other nations. For exam-
ple,conflicts or mass migrations resulting from resource limits,health,and environ-
mental stresses in more vulnerable nations could possibly pose challenges for global
security and US policy. Effects of climate variability and change on US agriculture
will depend critically on changes in agricultural productivity elsewhere,which can
shift international patterns of food supply and demand. Climate-induced changes in
water resources available for power generation transportation,cities,and agricuk
ture are likely to raise potentially delicate diplomatic issues with both Canada and
Mexico.

This Assessment has identified many remaining uncertainties that limit our ability to
futly understand the spectrum of potential consequences of climate change for our
nation. To address these uncertainties,additionat research is needed to improve
understanding of ecological and social processes that are sensitive to climate,appli-
cation of climate scenarios and reconstructions of past climates to impacts studies,
and assessment strategies and methods. Results from these research efforts will
inform future assessments that will continue the process of building our under-
standing of humanity's impacts on climate,and climate's impacts on us.



'3 Model Projested

KEY F! ND l NGS :E US Temperatures {

1. Increased warming : 3 .

Assuming continued growth In world greenhouse gas emissions, the primary climate models used in this E

Assessment project that temperatures In the US will rise 5-9°F (3-6°C) on averaga in the next 100 years. bE o _

A wider range of outcomes is possible, Ters oW e ww e

2. Differing regional impacts

Climate change will vary widely across the US. Temperature increases will vary somewhat from one
region to the next. Heavy and exireme precipitation events are fikely to become more frequent, yet some
regions will get drisr. The potential impacts of climate change will also vary widely aczoss the nation.

3. Vulnerable ecosystems

Many ecosystems are highly vulnerable to the projected rate and magnitude of climate change. Afew,
such as alpine meadows in the Rocky Mountains and some barrier islands, are likely to disappaar entirely
in some areas. Others, such as forests of the Southeast, are likely to experisnce major species shifts or
break up info a mosac of grasslands, woodlands, and forests. The goods and services lost through the
disappearance or fragmentation of certain ecosysterns are likely fo be costly or impossible to replace.

4. Widespread water concerns

Waler is an issue in every region, but the nature of the vulnerabilities varies. Drought is an important con-
cern In every region. Floods and water quelity are concerns in many regions. Snowpack changes are
especially Important in the West, Pacific Northwest, and Alaska,

5. Secure food supply

At the national level, the agriculture sector s likely to be able to adapt to climate change. Overall, US
crop productivity is very likely to increase over the next few decades, but the gains will not be uniform
across the nation. Falling prices and competitive pressures are very likely to stress some farmers, while
benefiting consumers.

6. Near-term increase in forest growth

Forest productivity is likely to increase aver the next several decades In some areas as trees respond to
higher carbon dioxide levels, Over the longer term, changes in larger-scale processes such as fire,
insects, droughts, and disease will possibly decreass forest productivity. In addition, climate changa is
likely fo cause long-term shifts in forest species, such as sugar maples moving north out of the US.

7. Increased damage in coastal and permafrost areas

Climate change and the resulting risa in sea level are likely to exacerbate threats fo buildings, roads, .
powerlings, and ofher infrastructure in climatically sensitive places, For example, infrastructure damage is
related to permafrost melting in Alaska, and fo sea-level rise and storm surga i low-lying coastal areas.

8. Adaptation determines health outcomes

Arange of negative health impacts is possible from climate change, but adaptation is likely to help protect
much of the US population. Maintaining our nation's public health and community infrastructure, from
waler treatment systems to emergency shelters, will be important for minimizing the impacts of water-
borne diseases, heat stress, alr pollution, extreme weather events, and diseases transmitted by insacts,
ticks, and rodents.

9. Other stresses magnified by climate change

Climate change will very likely magnify the cumulafive impacts of other stresses, such as air and water
pollution and habitat destruction due to human development patterns. For some systems, such as coral
reefs, the combined effects of climate change and other stresses are very fikely to exceed a critical
threshold, bringing lezge, possibly irreversible impacts.

10. Uncertainties remain and surprises are expected

Significant uncertainties remain in the science underlying regional climate changes and thelr impacts.
Further research would improve undesstanding and our ability to project societal and ecosystem impacts,
and provide the public with additiona! useful information about options for adaptation. However, it is likely
that some aspects and impacts of climate change will be totally unanticipated as complex systems
respond to ongoing climate change in unforesaeable ways.
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._:lt is very. hkely that the US will get substantially warmer. Temperatures are
projected to rise more rapldly in the next one hundred years than in the last
10,000 years. it is also very likely that there will be more precipitation
overall, with more of it coming in heavy downpours. In spite of this, some
areas are likely to get drier as increased evaporation due to higher temper-
‘atures outpaces increased precipitation. Droughts and flash floods are like-
ly to hecome more frequent and intense.

'PERMAFROST AREAS

Itis Vei'y probable that ris-
ig temperatures will cause
further permafrost

FORESTRY

Timber inventories are likely to
increase over the 21st century.
Hardwood productivity is like-

:’ 'SPECIES DIVERSITY

ile it is possxble that some
species will adapt to changes in
climate by shifting their ranges,
‘human and geographic barriers,
and the presence of i mvaswe
non-native species ,
will limnit the

degree of adapta-

tion that can

occur. Lossesin W
local biodiversity %8
are likely to accel- ~
erate towards the

end of the 21st century.

thawing, ly to increase
damaging st NN more than
roads, e, softwood
buildings, iy
and : L in some
forestsin \ : regions,

\ 4 including the

Southeast.

WATER SUPPLY

Reduced summer runoff,

increased winter runof nd

P increased demands are hke )
compound current stresses on

¥ water supplies and flood manage-
ment,especially in the western US.

CORAL REEFS

Increased COp and ocean
temperatures,especially com-
bined with

other stress-

es,will pos-

sibly exac-

" ISLANDS
Séé»level_ rise and storm
surges will very likely threat-
en public health
and safety =

and possi-
bly reduce g erbate

Increases in water temperature and
changes in seasonal pat- _
terns of runoff will <

very likely disturb _ghaevyam

fish habitat and

affect recre-

ational uses of

lakes,streams,

and wetlands.

coral reef
bleaching
and die-off.

the avail-
ability of
fresh water,




. Weather-re[ated
Stresses on Hum&n
Popu!atlons '

. Agricuttural Crop Yields
and Economic Impacts

. Forest Productiwty
Shifts '

+ Water Quaﬁty Stresses

* Threats to Coastal Areas

Ghost Fore'sts

Vast stands of coastaE forest are dying
a]ong the Gulf of Mexico shoreline. Sea-
level rise resulting in salhuater intrusion is
the suspected cause, and the sun- bleached
remnants of dead stems have given rise o
the common term "ghost forest" in parts of

48

SOUTHEAST

he Southeast "sunbelt” is a rapidly growing region with population increas-
ing by more than 30% between 1970 and 1990. Much of this growth
occurred in coastal counties,which are projected to grow another 40%

between 2000 and 2025. The number of farms in the region decreased 80%

between 1930 and 1997,but the Southeast still produces roughly one quarter
of US agricultural crops. The Southeast has become America's "woodbasket,"

producing about half of America's timber supplies. The region also pro-

duces a large portion of the nation’s fish,poultry, tobacco,oil,coaland nat-

ural gas. Prior to European settlement,the landscape was primarily forests,
grasstands,and wetlands,but most of the native forests were converted to man-
aged forests and agricultural lands by 1920. Roughly half of the remaining wet-
lands in the lower 48 states are located in the Southeast,and more than three-
quarters of the Nation's annual wetland losses over the past 50 years occurred
in this reglon. Although much of the landscape has been altered,a wide range
of ecosystem types exists and overall species diversity is high.

Observed Climate Trends

T emperature trends in the Southeast vary between decades,with a warm
pertod during the 1920s-1940s followed by a cooling trend through the
1960s. Since the 1970s,temperatures have been increasing,with the 1990's
temperatures as warm as the peaks in the 1920s and 30s. Annual rainfall trends
show very strong increases of 20-30% or more over the past 100 years across
Misstssippi,Arkansas,South Carolina, Tennessee,Alabama,and parts of Louisiana,
with mixed changes across most of the remaining area. There has been a
strong tendency for more wet spells in the Gulf Coast states,and a moderate
tendency in most other areas. The percentage of the Southeast landscape expe-
riencing severe wetness increased approximately 10% between 1910 and 1997.
There are strong El Nifio and La Nifta effects in the Southeast that can result in
dramatic seasonal and year-to-year variations in temperature and precipitation.
E1 Nifio events also tend to create atmospheric conditions that inhibit Atlantic
tropical storm development, resulting in fewer hurricanes. La Nifia events have
the opposite effect, resulting in more hurricanes.

[ South F!onda and Loumana Over the past
30 years, hundreds of acres of southem
baidcypress trees have died in Lowslana
coastal parishes, w1th losses most acute in
areas whers submdence and navigatlon :
channels have acceferated the rate of salt-
water encroachment dua to rising sea Eevel
Baldcypress and live oak mortality | have .
oceurred as far as 30 miles infand, In



Scenarios of Future Climate

C limate model projections exhibit a wide range of
plausible scenarios for both temperature and pre-
cipitation over the next century. Both of the principal
climate models used in the National Assessment project
warming in the Southeast by the 2090s,but at different
rates. The Canadian model scenario shows the
Southeast experiencing a high degree of warming,
which translates into lower soil moisture as higher tem-
peratures increase evaporation. The Hadley model sce-
nario simulates less warming and a significant increase
in precipitation {about 20%). Some climate models sug-
gest that rainfall assoclated with El Nific and the intensi-
ty of droughts during La Nifia phases will be intensified
as atmospheric CO5 increases.

Louisiana’s Coastal Land loss
Between 1956 and 1990 (Shown In Red)

Rising s=a level Is one of several factors that have caused the loss of about
one miflion acres of Loulsiana wetfand since 1900. Natural and human-
induced processes contributing to thesa losses include subsidence due o
groundwater withdrawal and natural sediment compaction, wetland
drainage, and levea construction, The whita line designates the coastal
zone and red designates land that has heen converted to open water.

Femperature Change - 20th & 21st Centuries

S Gbscwed 20tk Ganadian
The largest " ; ittt
warming during

thelastcenfury lyer

hasoccurred 1!

.atong the

coastal region
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4°F}, with some

inland cooling.

Observed pre- |
cipitation
changes dur-
ing the last
centuryarea
patchwork of
moderate
increases and
‘decreases.

Flonda chromc saltwatercontammaﬂon of

Mode! scenarios project rel-
atively uniform increases in
annually averaged tempera-
fures. However, the
Canadian mode! projects
increases that are twice as

+1 -large as the Hadley modsl.

—arr,

e ot

Hadiley Mocdal 21 DR
The Canadian model sce-
nario for the 21st century
indicates near neufral .
trends or modest increases,
while the Hadley model proj-

=1 ects increases of near 25%

i for the region.

hlgh tldal ﬂoed elevatxons have mcreased

forest sm!s occurs n arer ihe sherehne

Since 1991 !andowners and pubhc land
managers in FEonda have observed mas-
sive die-offs of saba] pa%m along a 40- mlle
stretch of coast between Cedar Key end
Homosassa Sprmgs Ed Bamard aforest
pa!hologast with Flonda s Forestry DlVlSlon

compares what he has sean with the aﬁer-
math of Hurncane Hugo m South Carohna

saltwater

Analyses also atfribute the forest decline to
salt water infrusion agsociated with sea-

level rise. Since 1852, when the first topo-
graphnc charts of this raglon were prépared,

appro:umately 12 mches Coastal forest
losses will be even more sévere if sea«fevel
rise accelerates as Is expected as a result
of global warming.
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.Wégiiﬁer-felated Stredses on”
Hiuiman Populations

! I  he Southeast is prone to fre-
quent natural weather disasters

that affect human life and property.
Over half of the nation's costlest
weatherrelated disasters of the past
20 years have occurred in the
Southeast,costing the region over
$85 billion in damages,mostly assoct

Flooded community along Bayou Lafourche
in South Loulsiana after fandfall of Hurricane
Juan in 1985,

‘Canadian Model Ha

e
d) s

+5F

Ghserved 20th
The observed - 100% [¢
record of soif 9% %
moisture % S
illustrates Fhad
mixed "o
changes 2%
across the Sl

. -T5%
region. 8
g -100% |

ated with floods and hurricanes.
Across the reglon,intense precipita-
tion has increased over the past 100
years,and this trend is projected to
continte.

The southern heat wave and drought
of 1998 resulted in damages in excess
of $6 billion and at least 200 deaths,
Human health concerns arise from
the projected increases in maximum
temperatures and heat index in the
region. These concerns are particu-
larly great for lower income house-
holds that lack sufficient resources to
improve insulation and install and
operate air conditioning systems. Afr
quality degradation in urban areas is
also a concern associated with elevat-
ed alr temperatures and increased
emissions from power generation,
which can increase ground-level
ozone, Increased flooding in low-
lying coastal counties from the
Carolinas to Texas is also likely to
adversely impact human health;
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floods are the leading cause of death
from natural disasters in the region
and nationwide.

Adaptations: Traditional approaches
such as flood levees,elevated struc-
tures,and building codes are no
Ionger adequate by themselves,par-
ticularly in the coastal zone,as sea-
level rise alone continues to increase
the propensity for storm-surge flood-
ing in virtually all southeastern '
coastal areas. Improvements in risk
assessment,coastal and floodplain
management linking insurance to
policies for mitigating flood damage,
and local mitigation planning are
strategies that are likely to decrease
potential costs. Changes in climate
and sea-level rise should be an inte-
gral consideration as coastal commu-
nities develop strategies for hazard
preparedness and mitigation.

:The changes in the simulated
heat index for the Southeast are
the most dramatic in the nation
‘with the Hadley model suggest-
ing increases of 8 fo 15°F for the -
southermn-most states, while the
Canadian model projects increas-
es above 20°F for much of the

region.

o L=
TS

The Hadley model projects

t soif moisture will increase
substantially in most of the
region, In contrast, the
Canadian model, with larger
projected warming and little
change in rainfall, suggests
large decreases in soil
moisture.




Agricultural Crop Yields and
Economic Impacts

( : rop yield and economic impact
estimates vary by climate sce-

nario,area,and crop. The Hadley sce-
nario simulates decreases in the yield
-of most dryland {non-irrigated) crops
in the Gulf Coast area but increases
elsewhere in the region through both
the 2030s and 2090s. Average ylelds
of irrigated soybean,wheat,and rice
increase under the Hadley scenario
by 10% in 2030 and by more than
20% in 2090, Under the hotter and
drier Canadian climate scenario,dry-
land soybean yields decrease 10-30%
in some key locations by 2030 and
decrease by 80% by 2090. Economic
Impact simulations follow patterns
similar to the yleld maps below.

Of the major crop growing areas of
the Southeast,the lower Mississippi
Valley and Gulf Coast areas are likely
to be more negatively affected,while
the northern Atlantic Coastal Plain is
likely to be more positively affected.

Adaptations:Expected impacts on
agricultural productivity and prof-
itability will very likely stimulate
adjustments in management strate-
gies, Producers can switch crops or
vary planting dates,patterns of water
usage,crop rotations,and the
amounts,timing,and application
methods for fertilizers and pesticides.
Analyses indicate that farmers, except
those in the southern Mississippi
Detta and Gulf Coast areas,will likely
be able to mitigate most of the nega-
tive effects and possibly benefit from
changes in CO3 and moisture that
enhance crop growth. Improvements
in understanding climate and fore-
casting weather would enhance the
ability of agricultural resource man-
agers to deal effectively with future
changes. In addition,plant breeders
could respond by developing new
and improved varleties to accommo-
date the changed climate conditions,

Changes in Yields of Rainfed Crops

30 year Average
Hadley Model 2030

Hadley Model 2020

The southern heat wave and

drought of 1998 resulted in
damages in excess of $6 bil-
fion and at least 200 deaths.

Human health concems
arfse from the projected
increases in maximum tem-
peratures and heat index in
the region.

fmprovements in risk assess-
ment, coastal and floodplain
management, finking instir-
ance to policies for mitigating
flood damage, and local miti-
gation planning are strategies
that are likely to decrease
potential costs.

Sorghum

Projected changes in 30-year average rainfed yields of four major crops in the
Southeast by the years 2030 and 2080 using the Hadley model scenario.
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' A forest process model (PnET-

"X was used to evaluate the impact
of the Hadley climate scenario and
increasing atmospheric CO5 on
southeastern forest productivity. The
model simulates an increase in the
productivity of southern loblolly pine
plantations of approximately 11% by
2040 and 8% by 2100;the productivi-
ty of hardwood and mixed pine hard-
wood forest (which represent 64% of
the total forest area) would increase
22% by 2040 and 25% by 2100,com-
pared to 1990. The model indicates
that the greatest increases in produc-
tivity of both pines and hardwoods
would occur in the northern half of
the region.

Other VEMAP ecosystem models used
with the Hadley Scenario also project
increases in productivity across
southern forests by 2100. However,
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when these models are run with the
Canadian climate scenario,they simu-
late decreases in productivity in parts
of the Southeast. Furthermore,sever-
al models that are designed to project
changes in vegetation distribution as
a consequence of climate change sim-
ulate a breakup of the pine-dominat-
ed forests in parts of the Southeast by
the end of the 21st century under the
Canadian scenario. These simulations
suggest that part of the forest will
possibly be replaced by savannas and
grasslands due to decreased soil mois-
ture and fire (see Ecosystems).

Adaptations: As the northern parts of
the region become relatively more
productive as a result of climate
change and the southern parts are
more negatively affected,timber har-
vesting could be shifted northward,
Other adaptation strategies include
the use of more drought-hardy strains
of pine and other silvicultural and
genetic improvements that could
increase water use efficiency ar
water availability. Improved knowl-

Potential Southern Pines and Hardwoods Net Primary Productivity (NPP)

' 'I'-la'diey Mo:t::lel Southern Pines 2000

veraoe)
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edge of the role of hurricanes,
droughts, fire,El Nifio-related changes
in seasonal weather patterns,and
other natural disturbances will be
important in developing forest man-
agement regimes and increases in
productivity that are sustainable over
the long term. Under a hotter, drier
climate,an aggressive fire manage-
ment strategy could prove to be very
important in this region.

Water Quality Stresses

S urface water resources in the
Southeast are intensively man-
aged with dams and channels,and
almost all are affected by human
activities. In some streams and lakes,
water quality is either below recom-
mended levels or nearly so. Stresses
on water quality are associated with
intensive agricultural practices,urban
development,coastal processes,and
mining activities. The impacts of
these siresses are likely to be exacer-
bated by climate change. For exam-
ple,higher temperatures reduce dis-



solved oxygen levels In water. The
1999 flooding of eastern North
.Carolina offers a graphic example of
how water quality can also be affect-
ed by extreme precipitation events,
the frequency of which are likely to
continue to increase; flood waters
fouled with sewage, rotting farm ani-
mal carcasses,fuel,and chemicals
swamped water treatment plants and
contaminated public water supplies.

Threats to Coastal Areas

S ea-level rise is one of the more
certain consequences of cimate
change. It has already had significant
impacts on coastal areas and these
impacts are very likely to increase.
Between 1985 and 1995,s0utheast-
ern states lost more than 32,000
acres of coastal salt marsh due to a
combination of hpmaﬁ development
activities,sea-level rise,natural subsi-
dence,and erosion. About 35 square
miles of coastal land were lost each
year in Louisiana alone from 1978 to
1980. Flood and erosion damage
stemming from sea-level rise coupled
with storm surges are very likely to
increase in coastal communities.
Coastal ecosystems and the services
they provide to human society are

likely to be negatively affected.
Projected impacts are likely to
include the loss of barrier islands and
wetlands that protect coastal commu-
nitles and ecosystems from storm
surges, reduced fisheries productivity
as coastal marshes and submerged
grass beds are displaced or eliminat-
ed,and saltwater intrusion into sur-
face and ground water supplies. The
extent of the ecological impacts of
sea-level rise is largely dependent

upon the rate of rise and the develop-

ment that has occurred along the
shoreline, Other threats to these
ecosystems come from changes in
rainfall in coastal watersheds which
are likely to alter fresh water inflows
into estuaries,altering salinity pat-

terns that determine the type and dis-

tribution of coastal plant and animal
communities. There are few practi-
cal options for protecting natural

ecosystems as a whole from increas-

ing temperature, changes in precipita-

tion,or rapidly rising sea level.
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{10 year averzge)

As noted for other coastal regions,
one possibility is the acquisition of
lands contiguous to coastal wetlands
to allow for their infand migration as
sea level rises.

Timberland Acreage Shifts
1993 - 2040 Without Climate Change

The changein
forest produc-
tivity under the
Hadley-based
scepario is

! expected to
cause slightly
higher softwood
timber prices
and lower hard-
wood prices
than would be
the case without
climate change.

i Harvests and
inventory would
also shifi north-
ward, reflecting
the northward
productivity
shifts.

3 >25% Decline

15%-25% Decline
<5% Change
5%-25% Increase

2040 Hadley Model Change






