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ABOUT THE ASSESSMENT PROCESS

The Assessment's purpose is to synthe-
size, evaluate, and report on what we
presently know about the potential con-
sequences of climate variahility 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 Fmally, because .

present knowledge is limited, the
. Assessment has sought to identify the
highest priority uncertainties about
which we must know more to understand

climate impacts, mtnerablhtles, and our s

S abllrty to adapt

: 'cems m a serles of werkshops about ol

' : rjmate change mtp ts in the context of :

: 5 akeholders rdentifled prlorrty
. reglonal and sector concemns, moblhzed
specialized expertlse identified potential
adaptation options, and provrded useful
_Information for decision-makers. The
-+ Assessment also involved many scientif-
- “Ic experts using advanced methods,
. models, and results, Further, it has stim-
. ulated new scientific research in many
.. preas and identifi ed pnenty needs for
o further research

P

Although global change embraces many
interrelated issues, this first National
Assessment has examined only climate
change and var;abillty, with a primary
focus on specif:c 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 chmate |mpacts on :

.Northwestforests‘ RN

._The reglons cover the nat{on Impacts -

_outside the US are considered only
- briefly, with particular emphasis on

tentral finkages to the US Sector

ms examined Water, Agriculture, b

man Health, Forests, and Coastal .

" Each regional and sector team is p'ub

lishing a separate report of ifs own’
analyses, some of which are stili contin-
uing. The Overview and Foundation
reports consequently represent a snap-
shot of our understandmg at the present
trme S -

) mvolves m|t|gatio'

Responses to chmate change can be of

two broad types Onetype involves . i

adaptatlon measures to reduce the

harms and tisks, and maximize the bene-

fits and oppertumtres, of ctrmate change,
whatever its cause, The_ﬁother type -

e, ures_toreduce




. No. An integrated climate policy will

. combine mitigation and adaptatlon
'measures as appropriate. I future world
emissions of greenhouse gases are .
lower than currently projected, for what
ever reason, including intentional matiga-
tion, then the rate of climate change, the

assoclated impacts, and the cost and dif.

ficulty of adapting will all be reduced. If -

State-of-the-science cllmete"nlo'dels have
been used to generate climate change :
scenarios. Computer models of eeologl-

el
_,n.‘.'.’«

“emjssions are higher than expected then_ :

the rate of change, the |mpacts and 1

' --Thls Overview and the underlymg
N Foundatlon document have béen exten- :

“eal systems, hydrologloai systems, and 2

- various socioeconomic systems have j" o
“also been used in the Assessment,to. .
study responses of these systems to the LT
; E scenanos generated by cllmate models. I




* ABOUT SCENARIOS AND UNCERTAINTY

Many of the maps

In this documenf

are derived from

the two primary of- -

Scenanos are plausnble altematwe futures each an example of what might happen under parttcu!ar
assumptions. Scenarios are not specific pred[ctlons or forecasts. Rather, scenarios provide a starting

-point for examining questlons about an uncertain future and can help us visuafize alternative futures in

concrete and human terms, The military and industry frequently use these powerful tools for future plan-

mng in hlgh-stakes sﬂuatmns Usmg scenar:os he!ps to :dentlfy vuinerahmt[es and p!an for contmgencles. _

T
LLL.._,L

_mate model sce- :

narios.. Inmost. . £
. cases, there are - -

- three maps: one -
"~ shows average -

- condmons based

will i1 e CO, ns an 51 emissions, ...
e CO4 concentration of just over 700 parts per million; and - &
ach year fi fossil _h__asmnd solar, hiomass, hydro




The graph shows a comparison

of the projections of total car-

bon dioxide emissions {in bil- L.
lions of metric tons of carhon, Both the emissions
GiC) and the human-induced :

warzning influence due to all scenario and the
the greenhouse gases and sul- human-induced
fate aerosols for the emissions ..

scenarios prepared by the IPCC warming infiuence

in 1992 and 2000. Asis appar- i thi
ent from the graph, both the assumed in this
emissions scenario and the Assessment lie

human-induced warming influ- .
ence assumed in this near the mid-range

" NetRadlative Forcing from 2000 to 2100 -
(wattsIsguare meter) .- :

Assessment lie near the mid- of the set of IPCC
range of the set of IPCC sce- :

T —— — naries. Further detail can be scenarios.
1600 2000 found in the Climate chapter in S

: :'Cumulat_ive Carbon Emissions during 21s Century (B1C) the Foundation report.

ey PR CSIG
UEd Lri-} el I L.f.‘[‘f.. ool

ion, Histoncal data, modei pro_|ecl{ons, puh!:shed sc:entlf:c iterature, ‘and other available mforma- R
rovmeu input to ihese GEIEBEI‘EHOI‘IS, excepr where speclﬂcaE[y stated that the result comes from a:

“possiBLE”







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 specifically
noted,

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 sclence indicates that the warming in the 21st century will be signifi-
cantly larger than in the 20th century. Scenarlos examined in this Assessment,
which assume no major interventions to reduce continued growth of world green-
house gas emissions,indicate that temperatures in the US will rise by about 5-9°F
(3-5°C) on average in the next 100 years,which is more than the projected global
increase. This rise is very Hkely 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 national-level 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 vulnerable 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 ecosystems 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
regions 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
species) 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 supplies,potentially exacerbating water shortages and conflicts,particular-
ly throughout the western US. The melting of glaciers in the high-elevation West
and In Alaska represents the loss or diminishment of unigue 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 heen 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 fall benefiting 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.

Climate variability and change will interact with other environmental stress-
es and socioeconomic changes. Air and water pollution,habitat fragmenta-
tion, wetland loss,coastal erosion,and reductions in fishertes are likely to be
compounded by climate-related stresses. An aging populace nationally, and
rapidly 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 century. 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 Convention an Climate Change
are negotlating 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 cenfury
will be significantly larger than in
the 20th century.

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

Major afterations to natural
ecosystems due fo climate
change could possibly have
negative consequences for our
economy, which depends in part
on the sustained hounty of our
nation’s lands, waters, and
native plant and animal commtr
nities. i -




SUMMARY

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,buildings,and other longlived infrastructure can be designed taking
projected climate change into account. Adaptations,however, can involve trade-offs,
and do invalve 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 fragmentation,will 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 variability 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 vulnerabilities and our potential respons-
es will likely depend in part on impacts and responses in other nations. For exam-
ple,conilicts or mass migrations resulting from resource limits,health,and environ-
mental stresses in more vulnerable nations could possibly pose challenges for glohal
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,transpoertation,cities,and agricul-
ture are likely to ralse potentially delicate diplomatic issues with both Canada and
Mexico.

This Assessment has identified many remaining uncertainties that imit our ability to
fully understand the spectrum of potential consequences of climate change for our
nation. To address these uncertainties,additional 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 chimates 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.



KEY FINDINGS

1. Increased warming

Assuming continued growth in world greenhouse gas emissions, the primary climate models used in this
Assessment project that temperatures in the US will rise 5-9°F (3-5°C) on average in the next 100 years.
A wider range of outcomes is possible.

2, Differing regional impacts

Climate change will vary widely across the US. Temperature increases will vary somewhat from one
region to the next. Haavy and extreme precipitation events are fikely {o become mors frequant, yet some
regions will get drisr. The potential impacis of climate changs will also vary widely across 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 barier islands, are likely to disappear entirely
in some areas, Others, such as forests of the Southeast, are likely to experience major species shifts or
break up info a mosalc of grasslands, woodlands, and forests. The goods and services lost through the
disappearance or fragmentation of certain ecosystems are likely to be costly or impossibts to replace.

4, Widespread water concerns

Water is an Issue in every region, but the nature of the vulnerabiliies varies. Drought is an important con-
cem in every region. Floods and wafer quality are concems in many regions. Snowpack changss ars
especially important in the West, Pacific Northwest, and Alaska.

5. Secure food supply

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

6. Near-term increase in forest growth

Forest productivity is likely fo increase over 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 decrease forest productivity. In addition, climate changs is
likely to 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 rise in sea level are likely to exacerbate threats to buildings, roads, '
powerlines, and other infrastructure In climatically sensitive places. For example, infrastructure damage is
related to permafrost melting in Alaska, and to sea-level rise and storm surge in low-lying coastat areas.

8. Adaptation determines health outcomes

A range of negativa health impacts Is possible from climate change, but adaptation is likely fo help protect
much of the US population. Maintaining our nation's public health and community infrastructure, from
water treatment systems to emergency shelters, will be imporiant for minimizing the impacts of water-
bome diseases, haat stress, air pollution, extreme weather events, and diseases transmitted by insects,
ticks, and rodents,

9. Other stresses magnified by climate change

Climate change will very likely magnify the cumulative impacts of other strasses, such as air and water
pollution and habitat destruction due fo human development pafferns. For some systems, such as coral
resfs, the combined effects of climate change and other stresses are very likely to exceed a critical
threshold, bringing large, 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 understanding and our ability to project societal and ecosystem impacts,
and provide the public with addifional useful information about options for adaptation. However, it is fkely
that seme aspects and impacts of climate change wifl be totally unanticipated as complex systems
respond to ongoing climate change in unforeseeable ways,
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: very llkely that the US will get substantially warmer. Temperatures are
- projected to rise more rapidly in the next one hundred years than in the last
.-:10,000 years. Itis also very likely that there will be more precipitation
S _d\rerall, with more of it coming in heavy downpours. In spite of this, some
S 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 become more frequent and intense.

~ PERMAFROST AREAS

It is very probable that ris-
ing temperatures will cause
further permafrost

'FORESTRY

Timber inventoties are likely to
increase over the 21st century.

SPECIES DIVERSITY

S possﬂale that some
spec1es “will adapt to changes in
climate by shifting their ranges,
human and geographic barriers,
and the presence of invasive
norn-native species
will [imit the

Hardwood productivity is like-
_ degree of adapta-

tion that can

occur. Lossesin ¥

local biodiversity %

are likely to accel-

erate towards the

end of the 21st century.

thawing, ly to increase
damaging _ : more than
roads, T ey a1 softwood
buildings, § productivity §
and = 2 A in some ;
forestsin \ T regions,
including the
Southeast.

g

WATER SUPPLY

Reduced summer runoff,
increased winter runof f

compouned carrent stresse on
water supplies and flood manage-
ment,especially in the western US.

CORAL REEFS

Increased CO5 and ocean
femperatures, espeCJa]ly com-
bined with

other stress-

ISLANDS

Sea-level rise and storm
surges will very likely threat-
en public health ;
and safety ' es,will pos- |
and possi- | sibly exac-

bly reduce § erbate

the avail- . coral reef
ability of g bleaching
fresh water. and die-off,

FRESHWATER ECOSYSTEMS

Increases in water temperature and
changes in seasonal pat- .
terns of runoff will T

very likely disturb

fish habitat and

affect recre-

ational uses of

lakes,streams,

and wetlands,




Weathe e[ated

Populations

. Agrwultural Crop Yields
and Econom:c Impacts

. Forest Productivxty
Shifts '

+ Water Qu_aﬁty Streéseé

* Threats to Coastal Areas

Ghost Forests

Vast stands of coastal forést are dying
alcmg the Gulf of Memco shorel ine, Sea-
tevel rise resu]tmg in salfwater intrusion is
the suspec%ed cause, and {he sun—bleached
remnan{s of dead stems have given risé to
the common term "ghost forest” in parts of
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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 countes,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,
grasslands,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 Iocated in the Southeast,and more than three-
quarters of the Nation's annual wetland losses over the past 50 years occurred
in this region. 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 warri
period during the 1920s-1940s followed by a cooling trend through the
1960s. Since the 1970s,temperatures have been increasing,with the 1990’
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
Mississippt,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 Guif 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 Fl Nifio and La Nifia effects in the Southeast that can result in
dramatic seasonal and year-to-year variations in temperature and precipitation,
Fl Nific events also tend to create atmospherie conditions that inhibit Atlantic
tropical storm development, resulting in fewer hurricanes. La Nifiz events have
the opposite effect, resulting in more hurricanes.

South F!onda and Lomstana Over ihe past
30 years, hundreds of acres of southern
baIdcypress trees have dled in Loms;ana
coastal parishes, wrlth Iosses most acute in
areas where submdence and nawgatton :
channals have accelerated the rate of salt-
water encroachment ciue foising sea level,
Baldcypress _a_nd live oak mortality have
occurred as far as 30 miles inland, 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 madels sug-
gest that rainfall associated with Ef Nifio and the intensi-
ty of droughts during La Nifia phases will be intensified
as atmospheric CO5 increases.

" Temperature Change - 20th & 21st Centuries

The Iarg.est Observed 204F

warming during
the last century
has occurred i
along the

coastal region
(asmuchas &
#°F}, with some °
inland cooling.

Observed pre- . ;50
Cipitation 1% |
changes dur- {m

ing the last g
centuryarea iy
patchworkef .
moterate 5%
increases and ' 5%
decreases. qoent

Canadian Model 215t

Louisiana’s Coastal Land loss
Befween 1956 and 1990 (Shown in Red)

Rising sea level is one of several factors that have caused the loss of about
one million acres of Louisiana wetland since 1900. Natural and human-
fnduced processes contributing fo these losses Include subsidence due fo
groundwater withdrawal and natural sediment compaction, wetland
drainage, and levee construction, The white line designates the coastal
zone and red designates land that has been converted to open waler,

Hadley Model 21st
Model scenarios project rel-
atively uniform increases in
annually averaged tempera-
tures, However, the
! - Canadian mode] projects

increases that are twice as
large as the Hadiey model.

The Canadian mode! sce-
nario for the 21st century
indicates near neutral
trends or modest increases,

. while the Hadley model proj-
ects increases of near 25%

i forthe region.

Ffonda chromc sa[twate_r contammat;on of
forest so:ls eccurs nearer the shoreime

- Since 1 991 landownérs and public and
managérs Florfda_have observed mas-

sive die-offs of sabal palm along a 40- mite '

stretch of coast between Cedar Key and
Homosassa Sprmgs Ed Barnard, a forést
pa&hologrst with FEondas Forestry | Division,

cempares what he has seen with the after-
math of Hnrncane Hugo in South Caroling,
and he atiributes the Florida problem to
saltwaler.

Analyses also attribute the forest decline to
salt waler intrission assaciated with sea-

leve rise. Since 1852, when lhe first topo-
graphlc charts of this region weré prepared,

‘h]gh ndal ﬂeod elevahons have mcreased

approxamate[y 12 mches Coastat forest
Iosses will be &ven more sévere if ¢ sea Jovel
rise accelerates asls expecied as a reslt
of global warming,
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Weatherrelated Strésses on
Human Populations

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

that affect human life and property.
Over half of the nation's costliest
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
fn South Louisiana after landfall of Hurricane
Juan in 1985,
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ated with floods and hurricanes.
Across the region,intense precipita-
tion has increased over the past 100
years,and this trend is projected to
continue.

The southern heat wave and drought
of 1998 resulted in damages in excess
of $6 billion and at least 200 deaths.
Human health conceins arise from
the projected increases in maximum
temperatures and heat index in the
region. These concerns are particu-
larly great for lJower income house-
holds that lack sufficient resources to
improve insulation and install and
operate air conditioning systems. Air
quality degradation in urban areas is
also a concern associated with elevat-
ed air temperatures and increased
eniissions 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 hurnan health;

) SOUTHEAST KEY ISSUES

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
longer 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
strategles that are likely to decrease
potential costs. Changes in climate
and sea-level rise should be an inte-
gral constderation 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 mode! suggest-
ing increases of 8 fo 15°F for the
southern-most states, while the
Canadian model projects increas-
es above 20°F for much of the

region.

arizl 2ist

tindley Medel 2isi

. The Hadley mode! projects

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




Agricultural Crop Yields and
Economic Impacts

C rop yleld and economic impact
estimates vary by climate sce-

nario,area,and crop. The Hadley sce-
nario simulates decreases in the yield
-of most dryland (nonrrigated) crops
in the Gulf Coast area but increases
elsewhere in the region through both
the 2030s and 2090s. Average yields
of irrigated soybean,wheat,and rice
increase under the Hadley scenario
by 10% in 2030 and by more than
20% in 2080. Under the hotter and
drier Canadian climate scenario,dry-
land soybean ylelds decrease 10-30%
in some key locations by 2030 and
decrease by 80% by 2090. Economic
impact simulations follow patterns
similar to the yield 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-
gles. Producers can switch crops or
vary planting dates,patterns of water
usage,crop rotations,and the
amounts,timing,and application
methads for fertilizers and pesticides.
Analyses indicate that farmers, except
those in the southern Mississippi
Delta and Gulf Coast areas,will likely
be able to mitigate most of the nega-
tive effects and possibly benefit from
changes in CO5 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 varieties to accommo-
date the changed climate conditions.

Changes in Yields of Rainfed Crops

30 year Average

The southern heat wave and

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

Human health concerns
arise from the projected
increases in maximum tem-
peratures and heat index in
the regfon.

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

Hadley Model 2030 Hadley Model 2090

»e20
20t 10
>10t0 0

L2 0t 0

Sorghum

Soybean

Projected changes in 30-year average rainfed ylelds of four major crops in the
Southeast by the years 2030 and 2030 using the Hadley model scenarlo.

49




' 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 preatest 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 or
water availability. Improved knowl-

Potential Southern Pines and Hardwoods Net Primary Productivi
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edge of the role of hurricanes,
droughts, fire,El Nifiotelated 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 stresses are likely to be exacer-
bated by cHmate change. For exam-
ple,higher temperatures reduce dis-

rn Pines 2100



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 climate
change. It has alréady had significant
impacts on coastal areas and these
impacts are very likely to increase.
Between 1985 and 1995,southeast-
ern states Jost more than 32,000
acres of coastal salt marsh due to a
combination of human 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
1580. Flood and erosion damage
stemming from sea-level rise coupled
with storm surges are very likely to
increase in coastal communities.
Coastal ecosysterns and the services
they provide to human society are

Had!ey Model Southem Ha dwo

likely to be negatively affected.
Projected impacts are likely to
include the loss of barrier islands and
wetlands that protect coastal commu-
nities 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,

i
}
!
:
|
i
i
i
|
i
|
|
|

(10 year averzge}

As noted for other coastal reglons,
one possibility is the acquisition of
lands contiguous to coastal wetlands
to allow for thelr inland migration as
sea level rises.

Timberland Acreage Shifts
1593 - 2040 Withou! Climate Change

The change in
1 forest produc-
fivity under the
|1 Hadley-based
scenario is
expected to
cause slightly
higher softwood
fimber prices
and Tower hard-
wood prices
than would be
... the casewithout
44 climate change.
Harvests and
inventory would
also shift north-
ward, reflecting
the northward
productivity
shifts.

>25% Decline
5%-25% Decline
1 <5% Change
TR 5%-25%  Increase

2040 Hadley ¥odel Change






