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1.1 Background

This report is a technical reference for the National Climate Assessment document that will
be prepared for submission to the President of the United States and the United States
Congress in 2013. The document summarizes the scientific literature with respect to climate
impacts on the Southeast USA, in particular the literature that has been published since the
2004 assessment. A national assessment was produced in 2009; however, no technical
report was developed in support of that document.

For the U.S. National Climate Assessment 2013, the Southeast region includes 11 southern
states to the east of the Mississippi River (Figure 1), Puerto Rico, and the US Virgin Islands.
This region differs slightly from the previous National Climate Assessment (NCA) in that it
follows state borders and does not include the Gulf Coast of Texas.

1.2 Diversity and Vulnerabilities

The SE USA is characterized by great diversity in terms of climate, natural and managed
ecosystems, social and political attitudes, and vulnerabilities. While most of the SE is
classified as humid, temperatures vary widely across the regions, with a transition from
tropical rainforests in Puerto Rico and the US Virgin Islands to temperate forests in the
southern Appalachian Mountains. This climatic diversity, which is described in detail in
Chapter 2, results from a range of weather patterns that affect the region, including frontal
systems that dominate during fall and winter, convective systems that dominate during the
spring and summer, tropical systems that are important during the summer and fall, and
sea breeze systems that are important for the coastal regions. In addition, the region is
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prone to other extreme weather
phenomena, including droughts, floods,
winter storms, and tornadoes.

The region also is subject to related risks
that interact with climate variability and
change. For example, sea level change and
salt water intrusion already threaten
many coastal communities (Chapter 5)
and ecosystems (Chapters 9 and 11). Sea
level change, which includes both sea
level rise and land subsidence in parts of
Louisiana, Mississippi, and Alabama,
makes the region more vulnerable to
storm surges produced by tropical storms
or winter storms in the Gulf of Mexico
(Mitchum 2011). Increasing atmospheric

carbon dioxide concentrations might Figure 1.1. Map of the states in the Southeast region for

benefit agricultural (Chapter 7) and forest
systems (Chapter 8) of the region through
increasing photosynthesis, but benefits
are likely to be offset by losses of productivity that would result from increased
temperatures. Increasing atmospheric carbon dioxide concentrations are also projected to
acidify surface waters, which would likely inhibit the growth of corals, shellfish, and
crustaceans (Chapter 9). Finally, increasing atmospheric carbon dioxide increases pollen
production by many plant species, which has been linked with increased levels of asthma
and respiratory illnesses (Chapters 3 and 7).

Virgin Islands though they are not included in the

Climate also interacts with social conditions in the Southeast, which has experienced
unprecedented population growth during recent decades. All states in the region had
positive growth from 2000 through 2010, with overall population growing by 8.9 million
people, or about 13% (Table 1). Population grew fastest in North Carolina (18.5%), Georgia
(18.3%), Florida (17.6%), and South Carolina (15.3%), and most of the population growth
has been in urban and peri-urban areas (Mackun and Wilson 2011). In the region, only
Puerto Rico had negative growth of about 2.2% (Mackun and Wilson 2011). States with the
fastest growing populations on a percentage basis were mostly states that already had

relatively large populations. This trend indicates widening differences in population density

the US National Climate Assessment. Note that the
region and report also covers Puerto Rico and the US

map.

among states in the Southeast. Population growth likely will compound climate related risks

for most sectors. Increasing competition for water resources (Chapter 10) will likely affect
the energy (Chapter 4), agriculture (Chapter 7), fisheries and aquaculture (Chapter 9),
natural ecosystems (Chapter 11), and built environment (Chapter 5) sectors.
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Table 1. Population of the Southeast USA and Puerto Rico in 2000 and 2010.

State 2000 2010 Change (%)
Alabama 4,447,100 4,779,736 7.5
Arkansas 2,673,400 2,915,918 9.1
Florida 15,982,378 18,801,310 17.6
Georgia 8,186,453 9,687,653 18.3
Kentucky 4,041,769 4,339,376 7.4
Louisiana 4,468,976 4,533,372 1.4
Mississippi 2,844,658 2,967,297 4.3
North Carolina 8,049,313 9,535,483 18.5
South Carolina 4,012,012 4,625,364 15.3
Tennessee 5,689,283 6,346,105 11.5
Virginia 7,078,515 8,001,024 13.0
Total 67,473,856 76,350,620 13.2

Source: Mackun and Wilson, 2011.

The diversity of people, natural and managed ecosystems, and resources of the Southeast
provide the region with great richness. With coastlines along the Gulf of Mexico and South
Atlantic seaboard, the SE has a wealth of estuaries (Chapter 12) with associated fishing
industry (Chapter 9), ports with associated transportation hubs (Chapter 6), and beaches
with associated tourism (Chapter 13). Inland forests constitute an important carbon sink
(Chapter 8), which mitigate greenhouse gas effects on climate (Chapter 12). Its relatively
humid, high rainfall environment provides the SE sufficient water resources (Chapter 10) to
be a major exporter of energy (Chapter 4) to other regions at present, though future
increases in competition for water resources might diminish the region’s energy production
capacity. Climate change threatens all of these natural resources and the industries that
depend on them. Thus, it is not surprising that there are numerous efforts already
underway in the Southeast to mitigate and adapt to climate change (Chapters 12 and 13). In
addition there are ongoing programs to educate people about climate variability, climate
change, and ways society can manage climate related risks (Chapter 14).

1.3 Time-scales of Interest to Southeast Decision Makers

Decision makers in the Southeast have the greatest interest in seasonal and decadal time-
scales (Bartels et al. 2011). Typically, the time-scale of interest matches the time-scale of
investments and expenditures, most of which are 20 years or less. In order to engage
decision makers in the use of climate information, it is important to provide information at
time-scales that are relevant to the decisions for which they need information. If the
science community can provide useful information at these shorter timescales, as decision
makers use that information to manage seasonal and near term climate risks, they also
begin to adapt to and mitigate climate change (Fraisse et al. 2009).

An advantage to providing climate information at shorter time-scales in the Southeast is

that seasonal climates of the Florida peninsula and coastal plains from Louisiana to North
Carolina are affected by sea surface temperatures in the equatorial Pacific, or El
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Nifio/Southern Oscillation phenomenon (Chapter 2). For these areas, El Nifio conditions
typically result in cool, wet fall and winter conditions whereas La Nifia conditions typically
result in dry, warm fall and winter conditions. To the north of the coastal plains, seasonal
climate does not typically exhibit an El Nifio/Southern Oscillation signal.

1.4 Future Scenarios

In this report, we use the term “projection” to describe how future climate is expected to
respond to various scenarios of population growth, greenhouse gas emissions, land
development patterns, and other factors that might affect climate change. The report uses
two of the IPCC scenarios for climate projections, A2 and B1. It is important to recognize
that these scenarios describe potential situations for both greenhouse gas (GHG) emissions
and societal development alternatives.

The A2 scenario is the most pessimistic in that it assumes that nations will have little or no
response to anticipated adverse effects of climate change (EPA 2012). The A2 storyline and
scenario describes a heterogeneous world with an underlying theme of self-reliance and
preservation of local identities. Birth rates across regions converge slowly, which results in
continuously increasing population. This scenario is often called “business as usual.”

The B1 storyline and scenario describes a convergent world with the same global population
as in the A1l storyline, but with rapid change in
economic structures toward a service and
information economy (EPA 2012). This scenario
el includes a reduction in material intensity and the
— introduction of clean and resource-efficient

-2 | technologies. It emphasizes global solutions to
Sy e economic, social, and environmental sustainability,

Southeast Population

250000000

Populstion

including improved equity, but without additional
climate initiatives. The B1 scenario is the most
B EEEEEE optimistic in that it generally reflects a concerted,

Figure 1.2. Population projections for the global effort to mitigate human impacts that would

Southeast USA for the A2 (greatest further warm the planet.
climate change) and B1 (least climate

change) scenarios.

2010
{1}
04

An important feature of these scenarios is the
difference in population growth for the region (Figure 1.2). In the A2 scenario the
population of the SE nearly triples from 2010 through 2100 whereas in the B1 scenario,
population increases about one-third over the same period. If population growth follows
trends similar to those simulated in the A2 scenario, the SE will experience far more cross-
sectoral competition for land and water resources, which will compound climate change
impacts. On the other hand, the B1 scenario with its more modest population growth
provides more opportunities for adaptation and mitigation.
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Another important factor for the Southeast will be changes in land use and land cover. As
population grows, development is inevitable. How that development proceeds, however,
will have great impact on regional climate (Shin and Baigorria 2012).

1.5 Process for Developing this Report

This document has been produced through collaboration among three Regional Integrated
Sciences and Assessments Centers (RISAs): the Southeast Climate Consortium; the Carolinas
Regional Sciences and Assessments; and the Southern Climate Impacts Planning Program;
and with contributions from numerous local, state, federal, and non-governmental
individuals and agencies. We established a leadership committee that was charged with the
design of the overall report and the organization of a two-day workshop with about 90
participants that was held in Atlanta, GA, in September 2011. From September 2011
through February 2012, contributors provided information to lead authors, who drafted the
chapters, which were reviewed and revised to the extent possible given the time
constraints. The March 1, 2012 draft report to the NCA was not fully reviewed, so the
editors and authors will continue preparation of the document to assure that all
information has been fully vetted.

1.6 Report Organization

Three sections of the report follow this introduction: (1) Climate of the Southeast, which has
one chapter that reviews the historic climate, current climate, and projected future climate
of the region; (2) Climate interactions with important sectors of the Southeast, which
includes nine chapters loosely organized from most to least anthropocentric; and (3) Cross-
sectoral issues, namely climate change mitigation, adaptation, and education and outreach.
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2 Climate of the Southeast United States: Past, Present, and Future

Lead Authors

Charles E. Konrad II, Southeast Regional Climate Center, University of North Carolina at Chapel
Hill, konrad@unc.edu

Christopher M. Fuhrmann, Southeast Regional Climate Center, University of North Carolina at
Chapel Hill, fuhrmanl@email.unc.edu

Contributing Authors

Kenneth E. Kunkel, NOAA’s National Climatic Data Center

Barry D. Keim, Louisiana State Climate Office, Louisiana State University4Southern Climate
Impacts Planning Program

Laura Stevens, NOAA’s National Climatic Data Center,

Michael C. Kruk, NOAA’s National Climatic Data Center

Hal Needham, Southern Climate Impacts Planning Program

Amanda Billot, Louisiana State Climate Office, Louisiana State University

Mark Shafer, Southern Climate Impacts Planning Program

2.1 General Description

The climate of the Southeast (SE) is quite variable and influenced by a number of factors,
including latitude, topography, and proximity to large bodies of water. The topography of the
region is diverse. In the southern and eastern portions of the region, extensive coastal plains
stretch from Louisiana eastward to southeastern Virginia, while rolling low plateaus, known as
the Piedmont, are present from eastern Alabama to central Virginia. North and west of these
areas, mountain ridges are found, including the Ozarks in Arkansas (1500 to3000 ft) and the
Appalachians, which stretch from Alabama to Virginia (2000 to 6600 ft). Finally, elevated,
dissected plateaus lie from northern Alabama to Kentucky. Temperatures generally decrease
with increasing latitude and elevation, while precipitation decreases away from the Gulf-
Atlantic coasts, although rain is locally greater over portions of the Appalachian Mountains.

A semi-permanent high pressure system, known as the Bermuda High, is typically situated off
the Atlantic Coast. Depending on its position, the Bermuda High commonly draws moisture
northward or westward from the Atlantic and Gulf of Mexico, especially during the warm
season. As a result, summers across the SE are characteristically warm and moist with frequent
thundershower activity in the afternoon and early evening hours. Day-to-day and week-to-
week variations in the positioning of the Bermuda High can have a big influence on
precipitation patterns. When the Bermuda High builds to the west over the region, hot and dry
weather occurs, although humidity often remains relatively high. This pattern can cause heat
waves and poor air quality, both of which negatively affect human health. When the Bermuda
High persists over or immediately south of the area for extended periods, drought conditions
typically develop. This places stress on water supplies and agricultural crops and can reduce
hydroelectric energy production. Variations in the positioning of the Bermuda High also affect
how hurricanes move across the region.
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During cooler months of the year, the Bermuda High shifts southeastward as the jet stream
expands southward. Accompanying the jet stream are extratropical cyclones and fronts that
cause much day-to-day variability in the weather. As the jet stream dives southward,
continental air can overspread the SE behind extratropical cyclones, leading to cold-air
outbreaks. Sometimes subfreezing air reaches as far south as central Florida, causing major
damage to citrus crops. Extratropical cyclones also draw warm and humid air from the Atlantic
Ocean and Gulf of Mexico northward over frontal boundaries and this can lead to potentially
dangerous snowstorms or ice storms. These winter storms are generally confined to the
northern tier of the region (35°N latitude and greater) where temperatures are cold enough to
support frozen precipitation. In the spring, the sharp contrast in temperature and humidity in
the vicinity of the jet stream can promote the development of severe thunderstorms that
produce damaging winds, large hail, and tornadoes.

Temperature contrasts are especially great across the
region in the wintertime. Average daily minimum
temperatures in January range from 60°F in South
Florida to 20°F across the southern Appalachians and
northern Kentucky (Figure 2.1). In contrast, average
daily maximum temperatures in July range from 95°F
across the lower Mississippi River Valley and
southeast Georgia to 75°F across the higher
elevations of the southern Appalachians (Figure 2.2).

Avg January Min Temperature
Dogrees F

Seasonal variations in temperature are relatively
[ RERR

modest across the Caribbean due to its tropical e

.
B

climate. In Puerto Rico, these variations relate to both
elevation and soil wetness. For example, minimum
winter temperatures drop to as low as 50°F in the Figure 2.1. Map of average daily January minimum
Cordillera Central mountain range (above 4,000 ft), temperature using the Parameter-elevation

. . o Regressions on Independent Slopes Model (PRISM)
while maximum summer temperatures reach 95°F .

; ) (http://www.prism.oregonstate.edu/).

across the drier southwestern part of the island.

T

Bl
[

Average annual precipitation across the region shows variations that relate both to the
proximity to moisture sources (e.g., Gulf of Mexico and Atlantic Ocean) and the influences of
topography, such as orographic lifting and rainshadows (dry areas on lee side of a mountain)
(Figure 2.3). The Gulf Coast regions of Louisiana, Mississippi, Alabama, and the Florida
Panhandle receive more than 60 in of precipitation, while much of Virginia, northern Kentucky,
and central sections of the Carolinas and Georgia receive between 40 in and 50 in of
precipitation annually. Higher amounts of precipitation are found along the Atlantic coast and
across the Florida Peninsula due in part to the lifting of the air associated with the sea breeze
circulation. Tropical cyclones can also contribute significantly to annual precipitation totals in
the region, especially over the Southeast Atlantic coast (Knight and Davis 2009). The wettest
locations in the SE are found in southwestern North Carolina and across the eastern (i.e.,
windward) slope of Puerto Rico, where average annual totals exceed 100 in. Across the
northern tier of the region, average annual snowfall ranges from 5 in to 25 in, except at the
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Figure 2.2. Map of average daily July minimum Figure 2.3. Map of annual average precipitation
temperature using the Parameter-elevation using the Parameter-elevation Regressions on
Regressions on Independent Slopes Model Independent Slopes Model (PRISM)
(PRISM) (http://www.prism.oregonstate.edu/). (http://www.prism.oregonstate.edu/).

higher elevations of the southern Appalachians in North Carolina and Tennessee (Figure 2.4).
These locations can receive up to 100 in of snowfall annually, which is comparable to annual
snowfall amounts experienced across portions of New England (Perry et al. 2010). The southern
tier of the region (35°N latitude and lower) experiences very little snowfall (i.e., less than 1 in
per year) and may not record any measurable snowfall for several years.

Although the SE is mostly in a humid subtropical climate zone, the seasonality of precipitation
varies considerably across the region (see Figure 5 in Kunkel et al. 2012). Along the coast, as
well as some areas in the interior, a summer precipitation maximum is found, especially across
the Florida Peninsula. This can be related to the daytime thunderstorm activity associated with
the heating of land surface and lifting of air along the sea breeze front. Many locations in the
interior SE have nearly the same amount of precipitation in the cool season as in the warm
season. In the cool season, extratropical cyclones and associated fronts frequently traverse
much of the region and bring with them precipitation. Cool season precipitation totals,
however, show much regional scale variability. The northern Gulf coast is especially wet as mid-
latitude cyclones frequently transport (advect) high levels of moisture northward from the Gulf
of Mexico along frontal systems (Keim 1996). In contrast, the Florida Peninsula is often
positioned south and east of cyclones and fronts and, therefore, displays a winter precipitation
minimum (Trewartha 1981). Locations along the Atlantic Coast are situated in the path of mid-
latitude cyclones in winter and spring. However, the fast motion of these systems frequently
limits the deep transport of moisture and the duration of the associated precipitation (Keim
1996). Precipitation in the Caribbean is influenced primarily by the Bermuda High. In the winter,
as the Bermuda High shifts southward, easterly trade winds increase while sea-surface
temperatures (SSTs) and humidity decreases across the Caribbean, resulting in a winter
precipitation minimum. The opposite occurs during the summer when the Bermuda High shifts
northward, the easterly trade winds decrease, and summer precipitation maximizes (Taylor and
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Alfero 2005). A reduction in precipitation in July, known

as the Caribbean midsummer drought, occurs when the W e {} %
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across the Caribbean (Gamble et al. 2008). Tropical "'.l'.{-'f"-,g%ﬁﬁ}_:.g:-t T 5-\5{{3\
cyclones also contribute significantly to precipitation \W‘:ml bied ‘T’ A ‘f-f"» Y, \':';’J’
totals across the Caribbean in the summer and fall Bt 'f} :' ] \\’3,/"'
seasons. Voo LuiZh o asta . P

e RS S\

e T b

2.2 Extreme Events I st S % \
The southeastern region experiences a wide range of : \&L_
extreme weather and climate events that affect human X -
society, ecosystems, and infrastructure. Since 1980, the T

SE has experienced more billion-dollar weather
disasters than any other region in the USA (NCDC Figure 2.4. Annual average snowfall from 1981
2011). This section summarizes the climatology of these to 2010 using data from the Global Historical

t th . Climatology Network (GHCN)
EVENts across the region. (http://www.ncdc.noaa.gov/oa/climate/ghcn-

dailv/).

2.2.1 Heavy Rainfall and Floods

Heavy rainfall can produce short-lived flash floods and long-duration river floods that have
enormous impacts on property and human life. These events result from a variety of weather
systems that show much seasonality in their occurrence. In the winter and spring, slow-moving
extratropical cyclones can produce large areas of very heavy rainfall, and during the late spring
and summer slow-moving or training thunderstorms can generate excessive rainfalls over local
areas. During the later summer and fall, tropical cyclones can produce extremely heavy rainfall,
both locally and regionally, especially when they interact with frontal systems (Konrad and
Perry 2010). Major rivers in the SE are susceptible to flooding, which can have a big impact on
transportation and utility and industrial plants, as well as population interests along the major
river basins (e.g., Mississippi and Ohio Rivers). Additional impacts include increased incidence of
waterborne disease, contamination of water supplies, as well as property and agricultural
losses. Most flood-related deaths result from flash floods associated with extratropical cyclones
and tropical cyclones (Ashley and Ashley 2008). Of those deaths associated with tropical
cyclones from 1970 to 1999, nearly 60% resulted from inland freshwater floods (Rappaport
2000). As air passes over mountains. the very moist air in tropical cyclones rises quickly, which
can produce extraordinary precipitation totals, resulting in flash and river flooding as well as
landslides on the steeper slopes of the southern Appalachians (Fuhrmann et al. 2008).

2.2.2 Droughts

Despite the abundance of moisture, the SE is prone to drought as deficits of precipitation lead
to a shortage of freshwater supplies. Rapid population growth and development has greatly
increased the region’s demand for water and vulnerability to drought. In the SE, droughts
typically display a relatively shorter duration (i.e., one to three years) as compared to the
multidecadal droughts experienced in the western and central parts of the USA (Seager et al.
2009). This may be due in part to the periodic occurrence of tropical cyclones, which can
ameliorate the effects of drought during the peak water demand months of the late summer
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and fall (Maxwell et al. 2011). In contrast, the absence of tropical cyclones combined with high
variability in warm season rainfall, increased evapotranspiration, and increased water usage can
lead to the rapid development of drought conditions across the SE. Recent examples include
the 1998-2002 drought, which resulted in record low lake, reservoir, and groundwater levels
across parts of the Carolinas (Carbone et al. 2008), and the 2007-2008 drought, which resulted
in over $1 billion in losses in Georgia alone and led to federal lawsuits over control of water
releases from Lake Lanier in northern Georgia (Manuel 2008). In some cases, flooding and
drought can occur simultaneously as was the case in early summer of 2011 (see Box 1). Severe
droughts can also lead to forest fires and degraded air quality.

Box 2.1 Extreme Drought During a Record Flood

In the early summer of 2011, the lower Mississippi Valley experienced something very unusual: the
simultaneous occurrence of both flooding and drought. People were piling sandbags to hold back the
floodwaters and the Morganza Spillway in Louisiana was opened for the first time since 1973 to relieve
pressure on the swollen river downstream in Baton Rouge and New Orleans. As the swollen river
meandered across this region, however, much of the south Louisiana landscape was in extreme drought
according to the USA Drought Monitor (http://www.drought.gov). As such, the region was experiencing
both flood and drought at the same time.

Interestingly, both the flood and the
drought were tied La Nifia conditions in
the equatorial Pacific Ocean. La Nifia’s
tend to dry out the Gulf Coast region by
shifting storm tracks to the north across
the Ohio River Valley. As storms tracked
across the central portion of the United
States, they bypassed Texas, Oklahoma,
Louisiana, and Mississippi leaving them
high and dry and producing drought
conditions. However, excessive rainfall in
the Midwest associated with the
northward-displaced storm track,
compounded by a large volume of spring
snowmelt, and subsequently produced a flood wave that moved downstream into drought stricken
Tennessee, Arkansas, Mississippi, and Louisiana.

On May 14, 2011, the U.S. Army of Corps of Engineers opened the first gate on the Morganza Floodway
in Louisiana to relieve flooding on the Mississippi River. Photo Credit: U.S. Army Corps of Engineers.
Found at: http://www.flickr.com/photos/30539067 @N04/5722952407
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2.2.3 Extreme Heat and Cold

Due to its mid-latitude location, the SE often experiences extreme heat during the summer
months and is occasionally prone to extreme cold during the winter months (see Figures 6 and
7 in Kunkel et al. 2012). Periods of extreme heat, particularly when combined with high
humidity, can cause heat-related illness among vulnerable individuals as well as place stress on
agriculture, water supplies, and energy production. Periods of extreme heat across the interior
of the southeastern region have been tied to an upper-level ridge of high pressure centered
over the Mississippi River Valley (Fuhrmann et al. 2011). There are significant local-scale
variations in extreme heat and humidity related to adiabatic warming associated with
downsloping winds off of the Appalachian Mountains, daytime mixing and draw-down of dry air
from aloft, and the presence and strength of the sea-breeze circulation (Fuhrmann et al. 2011).

Outbreaks of extreme cold can have devastating effects on agriculture, particularly in the
southern tier of the region. For example, a severe cold outbreak lasting more than a week in
January 2010 resulted in more than $200 million in losses to the Florida citrus crop industry.
Periods of extreme cold can also lead to cold-water anomalies that result in coral mortality. The
cold outbreak of January 2010 resulted in the death of nearly 12% of corals along the Florida
Reef Tract in the lower Florida Keys, marking the worst coral mortality on record for the region
(Lirman et al. 2011). Outbreaks of extreme cold (e.g., deep freezes) in the SE are generally
associated with a strong anticyclone moving southward from the Great Plains (Rogers and Rohli
1991). The most severe freezes occur when the anticyclone tracks into the Gulf coast region,
transporting cold polar air and promoting strong radiational cooling at night. Extreme cold can
also have an adverse effect on river transportation, as was the case in January 1994 when
sections of the Ohio River froze following a period of record cold temperatures across the
eastern USA, including an all-time state record low temperature of -37°F in Kentucky.

2.2.4 Winter Storms

Winter storms, including snowstorms and ice storms, occur most frequently across the
northern tier of the southeastern region. These storms have significant impacts on society,
including property damage, disruption of utilities and transportation, power outages, school
and business closings, injury, and loss of life. Snowstorms exceeding 6 inches occur one or two
times per year on average across Tennessee, Kentucky, and northern Virginia, and two or three
times per year on average across the southern Appalachians (Changnon et al. 2006). In
contrast, snowstorms exceeding 6 inches occur only once every 100 years on average across
the Gulf coast region (Changnon et al. 2006).

Ice storms occur when a shallow dome of subfreezing air near the ground causes rain to freeze
on surfaces. This cold air is sometimes supplied by a high pressure system located over New
England. In this case, the Appalachian Mountains act as a dam by helping transport (advect)
low-level cold and dry air from New England southward across Virginia and the Carolinas. The
resulting glaze of ice can bring down tree limbs and power lines and cause widespread power
outages. These events are most common across west-central portions of Virginia and North
Carolina, which experience three to four days with freezing rain per year on average, and least
common along the Gulf Coast (i.e., one day with freezing rain every 10 years on average)
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(Changnon and Karl 2003). Damaging ice storms can also occur across the mid-South from
Arkansas to South Carolina. In February 1994, a major ice storm struck much of the southern
tier of the USA, resulting in over $3 billion in damage as well as power outages exceeding one
month in parts of Mississippi. The previous month, a major ice storm shut down the entire
interstate highway system in Kentucky for nearly a week. A major ice storm in December 2002
produced more than one inch of ice accretion across parts of the Carolinas. Though monetary
losses from this event were lower than the 1994 storm, more than 1.8 million customers lost
power, eclipsing the previous record for power outages in the region from a single storm set by
Hurricane Hugo in 1989 (Jones et al. 2004).

Severe Thunderstorms and Tornadoes

Thunderstorms are frequent occurrences across the SE during the warmer months of the year.
Severe thunderstorms, which are defined by the occurrence of winds in excess of 58 mph, hail
at least 1 inch in diameter, or a tornado, occur most frequently in the late winter and spring
months. Damaging winds and large hail occur most frequently across Alabama, Mississippi,
Arkansas, western Tennessee, and northern Louisiana. These states also experience the highest
number of strong tornadoes (F2 and greater) and experiences more killer tornadoes than the
notorious “Tornado Alley” of the Great Plains (Ashley 2007) (see Figure 8 in Kunkel et al. 2012).
The high death tolls can be attributed to increased mobile home density, longer path lengths,
and a greater number of cool season and nocturnal tornadoes (Brooks et al. 2003; Ashley 2007;
Ashley et al. 2008; Dixon et al. 2011). Cloud-to-ground lightning is also a significant hazard. The
greatest frequencies of lightning strikes in the USA are found across the Gulf Coast and the
Florida Peninsula. Moreover, eight of the eleven SE states rank in the top 20 for lightning-
related fatalities from 1959 to 2006 (Ashley and Gilson 2009). Cloud-to-ground lightning also
starts many house fires during the warm season and in rare instances can ignite wildfires.

2.2.5 Tropical Cyclones

Since 1980, tropical cyclones (tropical storms and hurricanes) have contributed to more billion-
dollar weather disasters in the region than any other hazard (NOAA 2011). The Atlantic
hurricane seasons of 2004 and 2005 were especially active and included seven of the top 10
costliest hurricanes to affect the USA since 1900 (Blake et al. 2011). Tropical cyclones produce a
wide variety of impacts, including damaging winds, inland flooding, tornadoes, and storm surge
(see Box 2). While their impacts are the greatest along the coast, significant effects are often
observed several hundred miles inland. Wind gusts exceeding 75 mph occur every five to 10
years across portions of the coastal plain of the region and every 50 to 75 years across portions
of the Carolina Piedmont, central Alabama, Mississippi, and northern Louisiana (Kruk et al.
2010). Tropical cyclones also contribute significantly to the rainfall climatology of the SE (Knight
and Davis 2007) and relieve short-term droughts by providing a replenishing supply of soil
moisture and rainfall for water supplies across the region. However, the heavy rainfall
periodically results in deadly inland flooding, especially when the tropical cyclone is large or
interacts with a stalled front (Konrad and Perry 2010).

Tropical cyclones make landfall most frequently along the Outer Banks of North Carolina (i.e.,
once every two years), southern Florida, and southeastern Louisiana (i.e., once every three
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years) (Keim et al. 2007). They are least frequent along concave portions of the coastline,
including the western bend of Florida and the Georgia coast (Keim et al. 2007). Major hurricane
landfalls (i.e., categories 3 to5) are most frequent in South Florida (once every 15 years) and
along the northern Gulf Coast (once every 20 years) (Keim et al. 2007).

Box 2.2 Gulf Coast Storm Surge Database (SURGDAT)

SURGEDAT provides the world’s most comprehensive archive of maximum observed storm
surge data. This dataset has identified the magnitude and location of peak storm surge for
more than 500 tropical cyclone-generated surge events around the world since 1880. Prior to
the creation of this dataset, such information was not archived in one central location.

Spatial analysis along the Gulf Coast reveals that the greatest storm surge activity, for both
surge magnitudes and frequencies, generally occurs along the northern and western Gulf
Coast, as well as the Florida Keys. Florida’s west coast, from the eastern Panhandle to the
Everglades, has generally observed less storm surge activity (see following map). Although
storm tracks may help determine this pattern, offshore water depth (bathymetry), storm size,
and duration of maximum sustained winds also play important roles (Chen et al. 2008; Irish et
al. 2008).

The complete dataset and map are hosted by the Southern Regional Climate Center at http://
srcc.lsu.edu. Points on the map are interactive, enabling users to click on a peak surge location
and obtain information about that surge event. These data are supported by robust metadata
files that provide documentation of all surge observations. This website also hosts a blog,
which compares active and historic cyclones, incorporating historic surge observations into a
discussion about surge potential in an active cyclone. Such discourse brings storm surge
history to life, potentially enhancing surge forecasts, hurricane research, and public
awareness.
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The location and height of the 195 peak storm surges along the US Gulf Coast
identified in SURGEDAT. From Needham and Keim (2011), Figure 1 (in press).
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2.3 Trends

2.3.1 Precipitation

No long-term trends are revealed in the times series of annual or summer season precipitation
across the SE during the last 100 years, except along the northern Gulf Coast where
precipitation has increased (Figure2. 5 and see Figures 9 and 10 in Kunkel et al. 2012). Inter-
annual variability has increased during the last several decades across much of the region with
more exceptionally wet and dry summers observed as compared to the middle part of the 20"
century (Groisman and Knight 2008; Wang et al. 2010). This precipitation variability is related at
least partly to the mean positioning of the Bermuda High. For example, when the western ridge
of the Bermuda High shifts to the southwest precipitation tends to increase in the southeastern
region, and likewise when it shifts northwest, precipitation tends to decrease (Li et al. 2011).
This broad scale relationship, however, is modulated in coastal areas by precipitation variations
that relate to the strength of the sea breeze circulation. An intensification and westward
expansion of the Bermuda High, for example, has been shown to correspond to a stronger sea
breeze circulation and increased precipitation along the Florida Panhandle (Misra et al. 2011).
Similar increases in precipitation are noted along much of the northern Gulf Coast (Keim et al.
2011). In addition, anthropogenic land-cover change may also be influencing the pattern and
intensity of sea breeze forced precipitation along the Florida Peninsula (Marshall et al. 2004).

The strength and position of the Bermuda High has been tied to sea surface temperature (SST)
anomalies in the North Pacific (i.e., the Pacific Decadal Oscillation; Li et al. 2011) and the
subtropical western North Atlantic (i.e., Atlantic warm pool; Misra et al. 2011). Summer
precipitation variability in the SE also shows some relationship with Atlantic SST anomalies and
the Atlantic Multidecadal Oscillation (AMO). In general, warmer than average SSTs in the North
Atlantic lead to increased warm-season precipitation across the southeastern region (Curtis
2008) as well as the Caribbean (Winter et al. 2011).

Sea-surface temperature anomalies in the equatorial Pacific such as El Nino-Southern
Oscillation (ENSO) are correlated with precipitation totals across all seasons in South Florida
and the Caribbean (Jury et al. 2007; Mo et al. 2009). This influence extends across much of the
rest of the SE during the winter and spring months. Specifically, a warm anomaly in the
equatorial Pacific (El Nifio) is associated with wetter and cooler than normal conditions across
most the SE, while a cold anomaly (La Nifia) is tied to unseasonably dry and warm conditions
(New et al. 2001), except across portions of the Appalachian plateau, including Kentucky and
Tennessee (Budikova 2008). The influence of ENSO on precipitation diminishes during the
warmer months and is restricted to southern portions of the region (e.g., Florida) where El Nifio
conditions typically lead to a dry weather pattern. The persistence of El Nifio conditions can
lead to significant impacts, as was the case during the unusually strong El Nifio event of 1997-
1998. For instance, numerous wildfires broke out across Florida in June, which were fueled by a
dense growth of vegetation caused by heavy winter rainfall (Changnon 1999).
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The severity of recent droughts across the
southeastern region raises the possibility of

a long-term shift in the precipitation regime.
However, climate reconstructions using tree
rings reveal significant multidecadal
variability in precipitation and soil moisture
across the SE over the past millennium with
no discernible long-term trend (Stahle and
Cleaveland 1992, 1994; Doublin and
Grundstein 2008; Seager et al. 2009;

Ortegren et al. 2011). In particular, the
reconstructions suggest that the severity and
duration of several prominent 20" and early
21% century droughts are not unusual in the
longer-term context and that decade-long
droughts have occurred periodically in the SE
during the past 1000 years. The
disappearance of the Lost Colony of Roanoke
in the late 16 century, as well as the
abandonment of the Jamestown Colony in the
early 17" century, were likely tied to food
shortages and poor water quality resulting
from severe and persistent drought that
covered much of the southern tier of the
USA—the 16" century “megadrought” (Stahle
et al. 1998; Stahle et al. 2000; Stahle et al.
2007). In addition to this drought, prolonged
dry periods are also evident in the middle 18"
century (Stahle and Cleaveland 1994) and
early-to-middle 19" century (Seager et al.
2009), after which conditions transitioned to a
persistent wet regime that is largely
unmatched in the region over the past
millennium (Fye et al. 2003; Kangas and
Brown 2007; Seager et al. 2009).
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Figure 2. 5. Annual and summer season precipitation
anomalies for the SE based on cooperative observer
data from the National Climatic Data Center.
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Figure 2.6. Time series of the extreme precipitation
index (using a 5-year running average) for the SE for the
occurrence of 1-day, 1 in 5 year extreme precipitation
events (red) and 5-day, 1 in 5 year events (blue). Based
on cooperative observer data from the National Climatic
Data Center and updated from Kunkel et al. (2003).

Both instrumental and proxy records indicate significant multidecadal variability in Caribbean
precipitation dating back over 800 years that appears to be linked to variations in the North
Atlantic Oscillation (NAO) (Malmgren et al. 1998) and the AMO (Winter et al. 2011), as well as
variations in the character of the Intertropical Convergence Zone (Kilbourne et al. 2010). Trends
beginning in the early 20" century indicate a drying of the Caribbean over time associated with
an accelerated Hadley circulation (Jury and Winter 2009). The drying trend is more pronounced
over tropical landmasses than over water and is presumed to be the result of land-surface
interactions modulated by large-scale circulation patterns (Kumar et al. 2004).
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2.3.2 Heavy Rainfall and Floods

The frequency of extreme precipitation events has been increasing across the southeastern
region, particularly over the past two decades (Figure 2.6). Increases in extreme precipitation
events are most pronounced across the lower Mississippi River Valley and along the northern
Gulf Coast (see Figures 13 and 14 in Kunkel et al. 2012). Despite a long-term increase in
extreme precipitation events, there is no discernible trend in the magnitude of floods along ex-
urban, unregulated streams across the region (Hirsch and Ryberg 2011). The increase in
extreme precipitation, coupled with increased runoff due to the expansion of impervious
surfaces and urbanization, has led to an increased risk of flooding in urban areas of the region,
for example, the record-breaking Atlanta, GA flood in 2009 (Shepherd et al. 2011). Time series
of extreme precipitation events are available at the climate division level from the following
website: http://charts.srcc.lsu.edu/ghcn/.

2.3.3 Temperature

The southeastern USA is one of the few regions globally that did not exhibit an overall warming
trend in surface temperature during the 20" century (IPCC 2007). Annual and summer season
temperatures across the region exhibited much variability during the first half of the 20"
century, though most years were above the long-term average (Figure 2.7). This was followed
by a cool period in the 1960s and 1970s. Since then, temperatures have steadily increased, with
the most recent decade (2001 to 2010) being the warmest on record. The recent increase in
temperature is most pronounced during the summer season, particularly along the Gulf and
Atlantic coasts, while winter season temperatures have generally cooled over the same areas
(see Figures 16 and 17 in Kunkel et al. 2012). The overall increase in temperatures over the past
several decades is also related at least partially to increasing daily minimum temperatures due
to human development of the surface, including urbanization and irrigation (Christy 2002;
Christy et al. 2006).

The observed lack of warming during the 20t >
century (i.e., “warming hole,” Pan et al. 2004)
also includes parts of the Great Plains and
Midwest regions, and several hypotheses
have been put forward to explain it, including
increased cloud cover and precipitation (Pan
et al. 2004), increased aerosols and biogenic
production from forest re-growth (Portmann =
et al. 2009), decreased sensible heat flux due 1895 1910 1925 1940 1955 1970 1985 2000
to irrigation (Puma and Cook 2010), and

multidecadal variability in both North Atlantic

SSTs (Kunkel et al. 2006) and tropical Pacific Figure 2.7. Annual and summer season temperature
$STs (Robinson et al. 2002) anomalies for the SE based on cooperative observer

data from the National Climatic Data Center.
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In the Caribbean, no long-term trend has been identified in temperatures from the mid-18" to
the mid-20" centuries (Kilbourne et al. 2008) but significant multidecadal variability is evident
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in the time series. Since then, a significant warming trend has occurred, which is consistent with
the overall global trend (Campbell et al. 2011) and is positively correlated with both the AMO
and ENSO (i.e., warmer Atlantic SSTs, more El Nifio events) (Malmgren et al. 1998).

2.3.4 Extreme Heat and Cold

The frequency of maximum temperatures exceeding 95°F has been declining across much of
the SE since the early 20" century, particularly across the lower Mississippi River Valley (see
Figure 18 in Kunkel et al. 2012). Higher frequencies of extreme maximum temperatures are
noted in the 1930s and 1950s and correspond to periods of exceptionally dry weather.
Following a period of relatively few extreme maximum temperatures in the 1960s and 1970s,
there has been an upward trend over the last three decades, particularly across the northern
Gulf Coast, Florida Peninsula, and northern Virginia. The frequency of minimum temperatures
exceeding 75°F has generally been increasing across most of the SE region. This increase is most
pronounced over the past few decades (see Figure. 19 in Kunkel et al. 2012) and has been
attributed largely to human development of the surface (Christy 2002; DeGaetano and Allen
2002). Time series of extreme heat and cold are available at the climate division level from the
following website: http://charts.srcc.Isu.edu/ghcn/.

Similar to trends in extreme heat, the number of days with extreme cold has generally been
declining across most locations in the SE, though there is much decadal and intraregional
variability (see Figures 20 and 21 in Kunkel et al. 2012). For example, major Florida freezes tend
to be clustered in time, particularly in the late 19" and early 20" centuries and from the late
1970s to the late 1980s (Rogers and Rohli 1991). These clusters are tied to decadal-scale
periods in which the PNA (NAO) pattern was predominantly positive (negative) (Downton and
Miller 1993) and ENSO neutral conditions prevailed across the equatorial Pacific (Goto-Maeda
et al. 2008). Recent cold winters across the eastern USA have also been associated with a
persistent negative phase of the NAO (Seager et al. 2010). The occurrence of several strong
freezes beginning in the 19" century have gradually forced the citrus industry and other
industries, for example, winter vegetables and sugarcane, to migrate from northern Florida into
South Florida. To accommodate this shift, substantial areas of wetlands were drained and
converted to agricultural land, reducing the moisture in the atmosphere above these former
wetlands, which increased the risk of freezes (Marshall et al. 2004).

2.3.5 Winter Storms

Average annual snowfall totals across the northern tier of the southeastern region have
declined at a rate of approximately 1% per year since the late 1930s (Kunkel et al. 2009).
Additionally, snowstorms exceeding 6 in have been declining in frequency since the start of the
20" century (Changnon et al. 2006). This trend, however, is punctuated by an increase in
frequency of snowstorms in the 1960s (Changnon et al. 2006). Snowfall trends across the SE
southern tier are less certain due to the relative lack of snowfall (see Figure 2.4) and possible
inconsistencies in the snowfall data. The decline in snowfall and snowstorms across the
northern tier of the region corresponds to low-frequency variability in the NAO, which reveals a
positive trend (i.e., warmer winters) over the latter half of the 20" century (Durkee et al. 2007).
It is worth noting that this decline stands in contrast to a positive trend in snowfall and
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snowstorms over much of the 20" century (Changnon et al. 2006; Kunkel et al. 2009) across the
northeastern and Midwest regions of the USA. The frequency of days with freezing rain has
shown little overall change since the middle of the 20%" century but more interdecadal
variability relative to snowstorms (Changnon and Karl 2003).

2.3.6 Severe Thunderstorms and Tornadoes

There has been a marked increase in the number of severe thunderstorm reports, including
tornadoes over the last 50 years; however, this increase is associated with a much-improved
ability to identify and record storm damage. In the case of tornadoes, improved radar
technology (Doppler) has allowed meteorologists to resolve storm circulations and identify
where to anticipate storm damage (Verbout et al. 2006). The annual frequencies of strong
tornadoes (F1 and greater) have remained relatively constant nationally over the last 50 years
(Brooks and Doswell 2001). Preliminary statistics suggest that the 2011 storm season was one
of the most active and deadliest on record; however, this is not part of an upward trend. Due to
increased public awareness as well as improved weather forecasting and technology, tornado
fatalities have declined dramatically since the 1930s (Ashley 2007) in spite of the fact that the
population has increased in tornado-prone areas.

2.3.7 Hurricanes

Many of the hurricanes that affect the United States make landfall in the SE. The decadal
frequencies of both hurricane and major hurricane (category 3 and greater) landfalls have
declined slightly over the last 100 years (Blake et al 2011); however, there is much inter-decadal
variability in the record that relates to the AMO (Keim et al 2007; Klotzbach 2011) and ENSO
(Klotzbach 2011). The AMO was most positive between 1930 and 1950, and 27 major
hurricanes made landfall. In contrast, only 13 major hurricanes made landfall during the AMO
negative phase between 1970 and 2000. During the last 10 years, there has been an increase in
hurricanes as the AMO has shifted back to a positive phase. Tropical cyclone activity and
landfall frequencies are typically lower during El Nifio years, though this relationship is
somewhat weaker during AMO positive phases (Klotzbach 2011).

Analyses of hurricanes and tropical cyclones over the entire Atlantic Basin provide differing
perspectives regarding secular trends in activity. Holland and Webster (2007) and Mann and
Emmanuel (2006) found increasing trends in tropical cyclone activity in the Atlantic basin
extending back to 1900 and 1880, respectively. Landsea (2007), however, points out that the
pre-satellite era (prior to the late 1960s) record of tropical activity is likely missing numerous
storms and that the record may be worse before airplane reconnaissance began in the mid-
1940s. Prior to the 1940s, storms were largely detected through landfalls and/or encounters
with ships at sea. Even when a ship route intersected a hurricane, the intensity of the storm
was likely underestimated (Landsea et al. 2004). Landsea et al. (2010) also suggest that there
has been a significant increase in the number of short-lived storms detected since the
introduction of satellites that were likely missed in the earlier portions of the hurricane records.

When adjusted for these reporting and monitoring biases, the time series of Atlantic basin
tropical cyclone frequency shows only a slight upward trend from 1878 to 2008 (Landsea et al.
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2010). Examination of the accumulated cyclone energy (ACE) index, a metric that incorporates
cyclone intensity (wind speed) and duration, reveals that, while global hurricane activity since
2006 has been at its lowest level since the 1970s, hurricane activity across the Atlantic basin has
remained high over the past two decades (Maue 2011). Klotzbach (2011) examined the ACE
index across the Atlantic basin and found an increasing trend from 1900 to 2009. Earlier work
by Webster et al. (2005) and Klotzbach (2006) showed that the frequency of Category 4 and 5
hurricanes has increased across the Atlantic basin during the satellite era. These studies
attribute increasing trends in ACE and major Atlantic basin hurricanes to anthropogenic global
warming, multidecadal climate variability, and improved monitoring technology.

Trends in Atlantic basin tropical cyclone frequency and landfalls dating back 1500 years have
been estimated using various proxy reconstructions that include the use of sediment records of
storm surge over-wash (Mann et al. 2009). Results indicate a peak in tropical cyclone activity
during the Medieval Period more than 1000 years ago with an overall declining trend into the
mid-20"" century. This result is also supported by Nyberg et al. (2007), who used coral and
marine sediment cores in the Atlantic basin and found a declining trend in tropical cyclone
frequencies from the mid-18" century to the early 1990s.

2.3.8 Sea Level Rise and Sea-Surface Temperatures

Sea levels have slowly risen across the extensive coastline of the southeastern region. Satellite
altimetry records, however, reveal spatial and temporal variations in the rates of sea level rise
that relate to land motion (e.g., subsidence) as well as short-term climate variability (e.g.,
ENSO) (Mitchum et al. 2010). Trends in global sea level dating back nearly 500,000 years have
been assessed using coastal sediment cores. These records indicate variations in global sea level
of as much as 100 meters that correspond with glacial and inter-glacial cycles (Church et al.
2010). Variations in sea level since the mid-19"" century have been assessed using tidal gauge
records, which indicate a rate rise of approximately 1.7 mm per year over most the 20" century
(see Figure 22 in Kunkel et al. 2012) (Church et al. 2010). However, satellite altimetry data
indicate a rate rise of between 3.0 and 3.5 mm per year since the early 1990s, or nearly double
the average rate experienced over the 20" century (Prandi et al. 2009; Church et al. 2010).
Variations in sea level rise are driven primarily by thermal expansion due to the warming of
ocean waters and glacial melt (Domingues et al. 2008; Pritchard et al. 2009). Recent analysis of
glacial melting on Greenland shows that the melt rate from 1996 to 2007 was above the long-
term average (1973 to 2007), with 2007 exhibiting the highest melt rate on record by more
than 60% (Mote 2007).

Trends in SSTs during the 20" century reveal a cooling over the North Atlantic near Greenland.
This cooling may be related to an infusion of melt water as well as an increase in wind speed
and heat loss from the ocean surface connected with the upward trend in the NAO circulation
during the latter half of the century (Deser et al. 2010). A marked warming trend in SST (1.6°C
per century) has been noted off of the East Coast of North America; globally only the east coast
of China exhibits a comparable trend (Deser et al. 2010).
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2.4 Future Projections

This section provides a summary of future climate projections for the southeastern USA based
on recently published studies and an independent analysis of model output from statistically
and dynamically downscaled datasets. These include global climate model output and
statistically downscaled monthly and daily climate projections from phase 3 of the Coupled
Model Inter-comparison Project (CMIP3) as well as dynamically downscaled output from the
North American Regional Climate Change Assessment Program (NARCCAP). The reader is
directed to Kunkel et al. (2012) for a detailed description of the model datasets and methods
used as well as measures of model uncertainty and agreement.

2.4.1 Precipitation

Model simulations of future precipitation patterns using the A2 and B1 emissions scenarios
from the IPCC AR4 reveal both increases and decreases in precipitation across the SE by the
mid-21*" century. Average annual precipitation is projected to decrease by 2% to 4% over
Louisiana and South Florida, while increases in precipitation of up to 6% are projected across
North Carolina and Virginia (Figure 2.8). Precipitation is expected to increase across most of the
SE in all seasons except summer, where a decrease of as much as 15% is noted across parts of
Arkansas, Louisiana, and South Florida (see also Keim et al. 2011). An increase in interannual
precipitation variability is noted across the region through the first half of the 21% century, with
the greatest variability projected during the summer season and in line with recent trends in
the observational record. The continued intensification and westward expansion of the
Bermuda High will likely increase summer season precipitation variability across most of the SE
and is a robust feature in several of the IPCC AR4 models (Li et al. 2011).

Short-range projections (i.e., by 2035) reveal changes in annual precipitation across the SE that
are smaller than typical year-to-year variations seen in the observed record (see Figure 36 in
Kunkel et al. 2012). In contrast, by the end of the 21" century, annual precipitation is projected
to decrease by as much as 12% across Louisiana and Arkansas, with increases of up to 6% noted
across the far northeastern part of the region. These changes are significantly larger than the
year-to-year variations seen over most of the 20" century. Moreover, individual model ranges
by 2085 are rather large compared to the multimodel mean difference in precipitation from the
1971-2000 baseline period, indicating much uncertainty in precipitation projections by the end
of the 21% century (Kunkel et al. 2012).

The annual number of days with extreme precipitation is expected to increase across most of
the region by the mid-21* century, particularly along the southern Appalachians as well as parts
of Tennessee and Kentucky (Figure 2.9). Little change in the annual frequency of extreme
precipitation is projected across the southern tier of the region, with more consecutive dry days
expected across the northern Gulf Coast (see also Keim et al. 2011). These trends are projected
to continue throughout the 21 century. The projected drying across the southern tier of the
region extends into the northern Caribbean and is a robust feature in all of the IPCC AR4 models
(Rauscher et al. 2008; Biasutti et al. 2009). This drying trend across the Caribbean, which is
most pronounced during the summer and winter months (Campbell et al. 2011), may be
associated with projected increases in atmospheric stability and decreases in convection. These
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trends are tied to a mean warming of the tropical atmosphere (Lee et al. 2011; Rauscher et al.
2011), as well as variations in the strength of the trade winds and Caribbean low-level jet
stream (Gamble et al. 2008; Campbell et al. 2011). This broad drying pattern may lead to an
increase in the frequency and severity of hydrologic drought (Biasutti et al. 2009). Overall, there
is much uncertainty in these projections because of inadequacies in model resolution, which is
often too coarse to resolve regional and local-scale processes (e.g., sea-breeze circulation), and
internal variability in the climate system (e.g., AMO, NAO, ENSO), which is also less successfully
simulated by climate models (Ting et al. 2009; Stefanova et al. 2011; Kunkel et al. 2012).
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Figure 2.8. Annual and seasonal difference in precipitation (percent) between 2041-2070 and
1971-2000 derived from eight regional climate model simulations from the North American
Regional Climate Change Assessment Program (NARCCAP).

NCA Southeast Technical Report Revised 7-23-12 24
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Figure 2.9. Mean change in annual number of days with precipitation exceeding 1 inch between 2041-

2070 and 1971-2000.

Another measure of model uncertainty involves the
comparison between model simulations and observations
of 20" century climate conditions. Figure 2.10 shows the
observed and simulated mean decadal average
precipitation changes for the SE from 1900 to 2100,
expressed as deviations from the 1901 to 2000 average.
Observed precipitation was derived from the National
Weather Service’s Cooperative Observer Network, while
model simulated precipitation was derived from 15
different CMIP3 simulations for the high (A2) emissions
scenario (see Kunkel et al. 2012). Simulation of 20" century
conditions were based on estimated historical forcings of
the climate system, including greenhouse gas emissions,
solar variations, and aerosols. As seen in Figure 2.10, the
observed trends and variations in decadal average
precipitation are small and are within the envelopes of the
model simulations. However, model projections into the
21" century indicate increased decadal variability in
precipitation compared to the 20" century observations
(see also Figure 40 in Kunkel et al. 2012). Moreover, there is
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Figure 2.10. Observed decadal mean
annual precipitation change (percent
change from the 1901 to 2000 average)
for the southeastern U.S. (black lines)
and the 20" and 21* century simulations
from 15 CMIP3 models for the high (A2)
emissions scenario (gray lines). Source:
Kunkel et al. 2012, Figure 45.
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significant spread in projected precipitation among individual model simulations and an overall
lack of agreement on the sign (i.e., an increase or decrease) of the projected change. When
examined by season, the 21 century portions of the time series indicate an overall increase in
precipitation in all seasons except summer (see Figure 46 in Kunkel et al. 2012).

2.4.2 Temperature
. NARCCAP, TEMPERATURE CHANGE, ANNUAL
Mean annual temperatures are projected (2041-2070 minus 1971-2000)

to increase across the SE through the 21%
century. By 2050, the largest increases
(3°F to 5°F) are projected over the
interior of the region with the smallest
increases observed over South Florida
(Figure 2.11). By the end of the 21

century, the interior of the region is et L4

projected to warm by as much as 9°F S " .

Whlle temperatures acCross the Ca ribbean NARCCAP, Temperature Change, Winter NAﬁECAP. Temperature Change, Spring
(2041-2070 minus 1971-2000) (2041-2070 minus 1971-2000)

are projected to be between 2°F and 4°F
warmer than the late 20" century
average (Biasutti et al. 2009; Campbell et
al. 2011). These changes are generally
consistent between the CMIP3 and
NARCCAP simulations (see Figures 24 and

25 in Kunkel et al. 2012). The greatest NARCCAP, Temperature Change. Summer NARCCAP, Temperature Change, Fail
warming is projected to take place during (20412070 minus 1971-2000) (2041-2070 minus 1971-2000)
the summer months, while the winter
months exhibit the least amount of
warming (Figure 2.11). Additionally, the
seasonal changes exhibit more spatial
variability than the mean annual
temperature change. It is important to

note that the range of temperatures Figure 2.11. Annual and seasonal difference in temperature
across the model simulations is large (°F) between 2041-2070 and 1971-2000 derived from eight
’

. . st regional climate model simulations from the North American
parEcICUIarly_ t?rOUglh lt.he Tlddl? Eflt:e 21 Regional Climate Change Assessment Program (NARCCAP).
century as internal climate variapility

contributes significantly to the

temperature uncertainties in each model simulation over shorter time scales (Hawkins and
Sutton 2009). Therefore, these projections should not be interpreted as precise quantitative
predictions, but instead as broadly indicative of the kinds of changes that are likely to occur in
the SE as the global climate warms.

Maximum temperatures exceeding 95°F are expected to increase across the SE, with the
greatest increases (35 additional days annually) found across the southern half of Florida by the
mid-21° century (Figure 2.12). In general, more warm temperature extremes are predicted in
the southwest part of the region, which has seen an increasing trend in such temperatures
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. th st H
du'rmg the 20" and early 21 centurles‘ ‘ NARCCAP, Annual # of Days Tmin < 10F,
(lefenbaugh and Ashfaq 2010) In addltlon, the Difference (2041 -2070 minus 19?1_2000’

number of consecutive days exceeding 95°F, a
metric used as a measure of heat waves, is
expected to increase between 97% and 234%,
depending on the model and emissions
scenario (see Table 3 in Kunkel et al. 2012). An
increase in the number of warm nighttime
temperatures is projected across the
Caribbean, with the warmest nights over the
20" century becoming four times more
frequent by the end of the 21" century (Biasutti

et al. 2009). Minimum temperatures below Number of Days

10°F are expected to decrease in frequency by o 1o o’ N
as much as 10 days in the northern tier of the $0--25 +
region by the mid-21* century (Figure 2.13). aaa

Overall warming in the northern tier of the Figure 2.12. Mean change in annual number of days with a

region is projected to increase the length maximum temperature exceeding 95°F between 2041-2070 and

of the freeze-free season by as much as NARCCAP, Annual # of Days Tmax > 95F,
30 days in the mid-21° century. The Difference (2041-2070 minus 1971-2000)

length of the freeze-free season is
defined as the period of time between
the last spring frost, or daily minimum
temperature less than 32°F, and first fall
frost. In addition, the number of growing
degree days (with a base of 50°F) is
expected to increase by nearly 25%.
Depending on the model and emissions
scenario, the number of heating degree
days in expected to decrease by 19% to
22%, while the number of cooling degree
days is expected to increase by 44% to
49% by the mid-21°" century (see Table 3
in Kunkel et al. 2012). The areas expected
to have a larger increase in cooling
degree days (e.g., south Florida and the northern Gulf Coast) will have a smaller increase in
heating degree days, and vice versa.

Figure 2.13. Same as Figure 2.11, but for minimum temperatures below 10°F.

Projections of mean annual and seasonal temperature variability across the SE were calculated
for each future period (2035, 2055, and 2085) using monthly data from CMIP3 for the high (A2)
emissions scenario (see Kunkel et al. 2012). Variability in these projections is defined as the
standard deviation of mean annual or seasonal temperature. Secular changes in the
temperature variability are calculated as a percent change in standard deviation between the
future periods and a 1971 to 2000 baseline period. The models reveal a trend of increasing
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annual variability of temperature across all periods in the future, especially the latter 21°
century. Projections of temperature variability at the seasonal scale, however, are more varied.
Small changes of less than 5% are seen during winter and spring, while summer exhibits the
greatest increase in variability of 24% by the end of the 21% century.

A comparison between model simulations and
observations of 20" century mean annual 12 . . . .
temperatures across the SE shows that the
models do capture the observed rate of warming
since the 1960s. However, the models currently
do not simulate interdecadal variability, which is
a key aspect of the observed temperature record
across the SE region. Specifically, the rate of
warming from 1900 to the 1930s as well as the
rate of cooling from the 1930s to the 1960s was
not simulated by any of the CMIP3 models
(Figure 2.14). Moreover, while the rate of
warming since the 1960s was captured by the — ! ! ! !
models, the observed decadal temperatures 1925 1975 2025 2075
during this period were slightly cooler than those Year
reproduced by the models. For the winter and
summer seasons, observed temperatures in the
1930s are higher than any model simulation,
while observed temperatures in the 1960s and

10¢ ]

Temperature Change (°F)

N O N B (0]
1

Figure2.14. Observed decadal mean annual
temperature change (percent change from the
1901 to 2000 average) for the southeastern USA

1970s are lower than any model simulation. (black lines) and the 20™ and 21% century
Observed spring and fall temperatures generally simulations from 15 CMIP3 models for the high
fall within the envelope of the model simulations ~ (A2) emissions scenario (gray lines). Source:

and do not show a marked change in Kunkel et al. 2012, their Figure 43.

temperature over the 20" century.

2.4.3 Droughts

There is much uncertainty regarding future drought frequency and intensity across the SE
(Seager et al. 2009). Hydrological drought is expected to increase across most of the country
through 2050, with the largest increases in drought frequency observed across the
southwestern USA and Rocky Mountains (Strzepek et al. 2010). While this is shown across a
range of higher greenhouse gas emissions scenarios, there is much uncertainty because of
variations in the projections of future precipitation patterns and evaporation rates across the
region (Seager et al. 2009). Recent models project a greater likelihood of increased drought
across the lower Mississippi River Valley and Gulf Coast, with fewer droughts across the
northern tier of the region and in the mid-Atlantic (Strzepek et al. 2010).

2.4.5 Severe Thunderstorms and Tornadoes

Future projections in the frequency and intensity of severe thunderstorms and tornadoes are
uncertain. This is especially the case for tornadoes, which cannot be resolved by global or
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regional climate models (Diffenbaugh et al. 2008). Severe thunderstorms, including those that
produce tornadoes, require large amounts of convective available potential energy (CAPE),
which is tied to atmospheric warming and moistening. Indeed. CAPE is projected to increase
throughout the 21° century, thereby providing additional energy for severe thunderstorms
(Trapp et al. 2007). However, global climate model simulations indicate significant inter-annual
variability in CAPE due to internal climate dynamics, such as ENSO (Marsh et al. 2007).
Tornadoes also require strong vertical wind shear, but this is projected to decrease over much
of the mid-latitudes due to a weakening of the pole-to-equator temperature gradient
(Diffenbaugh et al. 2008).

2.4.6 Hurricanes

Recent modeling studies suggest that the frequency of major hurricanes (categories 3 to 5)
likely will increase in the future, while the overall number of tropical cyclones will likely
decrease (Bender et al. 2010; Knutson et al. 2010). These studies project the greatest increase
in major hurricanes over the western Atlantic basin, where increases in SSTs and decreases in
vertical wind shear are expected (Wu and Tao 2011). Conversely, hurricane frequency is
projected to decrease in the Caribbean and Gulf of Mexico sub-basins due to increased vertical
wind shear (Biasutti et al. 2009; Bender et al. 2010). The observed positive trend in sea-surface
temperatures (Trenberth 2005), which may be partly attributed to anthropogenic forcings
(Mann and Emanuel 2006), has been strongly correlated with hurricane intensity in the Atlantic
basin (Emanuel 2005; Webster et al. 2005). However, no definitive connections have been
established between greenhouse gas emissions and hurricane activity (Pielke et al. 2005).

2.4.7 Sea-Level Rise and Sea-Surface Temperatures

The southeastern region displays an extensive and complex coastline that is especially
vulnerable to sea level rise. As the sea level rises, storm surge and coastal erosion from tropical
cyclones and other extreme events will likely increase in magnitude. Sea level rise models from
the IPCC AR4 project a mean rise of between 18 and 59 cm by the end of the 21* century. An
additional rise of between 10 and 20 cm is possible from a rapid dynamic melting episode of
the Greenland or West Antarctic ice sheets (Mitchum et al. 2010). Such an event could result in
complete inundation of various low-lying areas in the Caribbean and along the Gulf Coast
(Milliken et al. 2008). Of particular importance to coastal communities and ecosystems is the
rise in relative sea level, which accounts for changes in ocean volume and land motion. For
example, coastal areas currently subsiding due to natural and human-induced processes (e.g.,
groundwater extraction, sediment redistribution), including portions of the northern Gulf Coast,
will be most affected by sea level rise (Ericson et al. 2006).
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North Atlantic sea surface
temperatures are
expected to increase by
the end of the 21"
century, with the greatest
increases (3°C) noted in a
region extending
eastward across the
subtropics from South
Florida and the Bahamas
(Figure 2.15). Smaller
increases are projected
across the higher
latitudes of the North
Atlantic as well as the
Caribbean Sea and Gulf of
Mexico (Biasutti et al.
2009; Leloup and
Clement 2009). However,
there is significant
uncertainty in SST
projections in these
regions, as recent studies
indicate significant model
errors and biases in the
IPCC AR4 projections, for
instance, a cold bias in
sea surface temperatures
across the Gulf od
Mexico (Richer and Xie
2008; Misra et al. 2009).

2.4.8 Air Quality

Degrees C

-1.00 -0.43 0.14 07 129 1.56 243 3.00

Figure 2.15. Mean difference in SST (°C) for the North Atlantic region
between 2071 and 2100 and between 1971 and 2000. SSTs for the 1971
to 2000 period were computed from the Coupled Model Inter-
comparison Model Project Phase 3 (CMIP3) suite of 16 climate model
simulations. For the 2071 to 2100 period, simulations of SSTs were
constructed from the SRES A2 and B1 scenarios from the IPCC AR4.

Poor air quality, especially high ozone levels, is known to be harmful to ecosystems, agriculture,
and human health. Atmospheric conditions that promote poor air quality—such as increased
temperatures, increased solar radiation, reduced precipitation, increased air stagnation, and
decreased atmospheric ventilation—are expected to become more frequent across the western
and southern USA by the mid-21°" century (Leung and Gustafson 2005). By the mid-21* century,
average summer season ground-level ozone concentrations are projected to increase by 4.5 to
7.5 ppb across the northern tier of the region, with locations along the Ohio River and in the
vicinity of Atlanta, GA, exhibiting increases of as much as 12 ppb (Hogrefe et al. 2004).
Conversely, projections of summer season ozone concentrations in the southern tier of the
region are projected to show little change (Hogrefe et al. 2004). However, it is probable that
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future changes in ozone concentrations may be driven as much or more by mitigation practices
than by changes in atmospheric conditions.
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3.1 Introduction

Climate change is projected to affect human health in the Southeast (SE) USA in a variety of
ways, both directly and indirectly. Increasing temperatures, shifts in weather patterns, and
variations in sea level and water composition have the potential to exacerbate existing public
health problems in the region while also leading to the introduction of novel diseases. The SE
has a wide variety of ecosystems, ranging from the subtropical wetlands of the Everglades to
the temperate forests of the Great Smoky Mountains, as well as diverse human development
patterns including rural farmlands and large dense cities. In addition, the SE experiences a wide
range of weather events that can affect health and could be influenced by climate change.
These factors complicate the assessment of climate-related health issues in the region.

Identifying the underlying health risks and vulnerabilities from climate change to the population
of the SE is essential. By taking steps to reduce vulnerability to these events through improved
monitoring, prediction, education, communication, engagement, and planning, the
southeastern USA can become more resilient to climate-related health impacts. Developing
tools and products that translate weather and climate information into a form that is useful for
public health can also help in managing and reducing vulnerability. There exists a dense
network of weather stations in the SE, as well as a significant amount of health data from
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sources such as the North Carolina Disease Event Tracking and Epidemiologic Collection Tool
(NC DETECT), various CDC tracking programs, and other federal, local, state, citizen-based and
academic research programs. Opportunities to link disease surveillance systems with available
climate and environmental data should be explored.

This chapter discusses current and potential regional human health effects from climate change
in seven major categories: heat and cold; air quality and respiratory/airway diseases; storms,
extreme weather, and sea-level rise; harmful algal blooms and marine toxins; vector-borne and
zoonotic disease; water quality and quantity; and human migration/displacement and
healthcare disruption. Health impacts in other areas, such as mental health and food security
may also occur, but more research is needed to determine the potential effects in the SE.

3.2 Heat and Cold

As a result of global climate change, global mean temperatures have been rising and are
predicted to continue rising. In the southeastern USA, average temperatures have already risen
by 2°F since 1970. Climate models predict continued warming, with average annual
temperatures rising by 4.5°F to as much as 9°F by the 2080s, depending on the emissions
scenario used. Climate models project continued warming in all seasons across the SE and an
increase in the rate of warming through the end of this century. Summer temperatures alone
could rise by as much as 10.5°F on average (Karl et al. 2009, EPA 2010). In addition, according to
the previous National Climate Assessment by 2100 the SE is expected to experience a greater
increase in heat index than any other region of the country (Burkett et al. 2001).

The relationship between temperature and human health is well established, and the negative
effects of heat on the cardiovascular, cerebral, and respiratory systems have been further
described in recent years (Kovats and Hajat 2008, O’Neill and Ebi 2009). Extreme heat events
cause more deaths annually in the USA than all other extreme weather events combined (Luber
2008). As with other USA regions, rising temperatures in the Southeast are expected to have an
impact on human health. In addition to the direct health effects of heat exposure, increasing
temperatures can also exacerbate preexisting chronic conditions and contribute to formation of
harmful air pollution and allergens (Portier et al. EHP 2010).

Despite the increase in average temperatures in the SE over the past several decades, heat-
related mortality overall has been decreasing. Improvements in health care and the prevalence
of air-conditioning are likely the two main factors affecting the relationship between heat and
mortality (Sheridan et al. 2009). Human biophysical acclimatization to higher temperatures in
the region could also reduce mortality rates (Davis et al. 2003). However, the decline in heat-
related mortality appeared to abate from the mid-1990s to the mid-2000s, and population
increase and demographic shifts in the SE could expand the vulnerable population in the future.
Vulnerable and high-exposure populations such as the elderly, athletes, and outdoor laborers
could be particularly at risk from increasing heat (Luber and McGeehin 2008). For example, of
68 heat-related deaths among crop workers from 1992 to 2006 in the USA, 13 occurred in
North Carolina and 6 in Florida (MMWR 2008). Urban areas are also at risk, as several of the
largest cities in the SE (Atlanta, Tampa, Miami, and New Orleans) have already seen significant

NCA Southeast Technical Report Revised 7-23-12 40



increases in the number of hot days per year in which mean mortality is significantly above the
summer baseline (Sheridan et al. 2009). Rising spring heat vulnerability was seen in Atlanta
(Sheridan 2010), and increasing temperatures in the SE are projected to lead to increased
ozone concentrations in the 19 largest urban areas in the region, causing an increase in
mortality (Chang et al. 2010).

Expanding and improving the surveillance of heat-related illness throughout the warm season
can significantly reduce the overall burden on the public health system. Improving education
and communication, particularly among at-risk groups and communities, may best be
accomplished through collaborative efforts between local meteorologists and public health
officials. Moreover, designing and utilizing collaborative models for engaging at-risk citizens in
building heat resilience may prove an effective tool for reducing vulnerability and raising
awareness to heat-related threats.

Rising temperatures could also affect food quality and security. Expanding population and land
use changes have already reduced the existing land available for agriculture in the SE more
rapidly than any other area of the country (Loveland et al. 2012). In addition, and summer
average temperatures are already at or above the optimal temperature ranged for major crops
including corn, peanuts, soy, rice, and wheat (Hatfield et al., 2008). Moderate temperature
increases may result in lower crop yields, with potential implications for food security and
human health (Boote et al. 2005).

One potential benefit of increased temperatures is the potential for a reduction in cold-related
deaths in the SE, although this has not been fully explored in the literature. The total number of
freezing days in the SE has declined by four to seven days per year for most of the region since
the mid-1970s (EPA 2010). However, the human health response to cold temperatures is much
less pronounced than the response to high temperatures, making direct relationships between
cold weather and mortality more difficult to predict (Laschewski and Jendritzky 2002). More
research is needed on this topic.

3.3 Air Quality Effects on Respiratory and Airway Diseases

Climate changes impact air quality via several mechanisms, including changes in ozone
production due to higher temperatures or a shift in cloud cover; changes in rates of
precipitation scavenging, the process by which precipitation removes particulates from the
atmosphere; shifts in vertical mixing due to changes in stability and wind speeds; and changes
in the frequency of tropical and extra-tropical cyclones and cold fronts which vent pollutants.
Impacts on air quality can also result from variation in vegetation type and amount, which
affects biogenic emissions, and higher temperatures leading to higher fossil fuel consumption.
In turn, atmospheric chemistry impacts climate, primarily via radiative effects of aerosols. The
many feedbacks are not yet fully understood or simulated by current models (Denman et al.
2007).

Studies of climate change impacts on air quality in the southeastern USA have focused on
ozone and small particulate matter (PM, ). In estimating future ozone and PM, 5 levels, both air
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guality modeling simulations driven by downscaled global-climate model projections and
empirical models linking future meteorological parameters with pollution levels have been
reported in the literature. Although daily maximum 8-hour ozone levels in the SE have been
generally estimated to rise in the 2040s and 2050s as compared to early 2000s, the magnitude
of change varies among different studies, from less than 1 ppbv (Chang et al. 2010) to as much
as 3 ppbv (Avise et al. 2009). The uncertainty in estimated daily maximum 8-hour ozone
concentrations has been found to be approximately 2.5 ppbv in the SE (Liao et al. 2009). The
resulting estimate of premature deaths that are attributable to climate change in the region
ranges from a few dozen to a few hundred per year. Less research has been done on projected
ozone-related morbidity, although a rise in outcomes such as hospital admissions due to
respiratory illnesses, emergency room visits for asthma, and lost school days is expected
(Tagaris et al. 2009). Associations between pollutants and health outcomes are different under
different air masses. Projections for North Carolina indicate moister air mass patterns and
increased ozone, which likely would trigger asthma attacks and result in more emergency room
visits (Hanna 2011).

There is less consensus in estimated PM, 5 concentration trends in the SE. A small increase of 1
mcg/m? has been reported in one study, as increased future emissions under the business-as-
usual scenarios offset the air pollution reduction effects of increased precipitation and wet
deposition (Avise et al. 2009). Another study projects a slight decrease of PM, 5 levels by 2050,
resulting in fewer cases of related premature mortality as well as morbidity outcomes (Tagaris
et al. 2009). In addition, current air quality models such as Congestion Mitigation and Air
Quality (CMAQ) can underestimate PM, s by as much as 30% (Tagaris et al. 2007). Another
study found that uncertainty in estimated PM, s concentrations is moderate in the SE (< 1 mcg /
m°) (Liao et al. 2009).

Wildfires reduce air quality and therefore also affect human health. Predicted temperature
increases coupled with anticipated precipitation changes in the SE could lead to increased
evapotranspiration and lower vegetation water content. Lightning, a frequent initiator of
wildfires, is expected to increase (Wu et al. 2008). Together, these factors indicate an increasing
risk of wildfires, which continues a recent trend (Ebi et al. 2008). Particulate matter (PM)
emitted by wildfires poses a serious health risk and increases asthma incidence in particular.
Studies have demonstrated that PM is associated with increases in hospital admissions and
occurrences of acute asthma exacerbations (Zanobetti and Schwartz 2006). In the Carolinas,
peat bog wildfires pose a health hazard, and even brief exposure to smoke associated with
these types of wildfires has been associated with negative respiratory and cardiovascular
outcomes (Rappold et al. 2011).

Climate change can also affect human health through shifts in air-borne allergens. Recent
changes in both carbon dioxide concentrations and temperature may be responsible for the
observed trend of the earlier onset of the spring pollen season in the USA. (Confalonieri et al.
2007). It is reasonable to expect that this trend will continue, and that allergies and other
respiratory illnesses related to airborne pollens will continue to increase.
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3.4 Storms, Extreme Weather, and Sea Level Rise

Climate change may increase the probability of extreme weather events such as heat waves,
floods, drought, and the intensity of tropical cyclones in the SE. Greenough et al. (2001) and the
International Panel on Climate Change (IPCC) note that extreme weather events will be more
frequent, costly, and likely raise the morbidity and mortality rate across the USA. The country’s
aging population will be more vulnerable to extreme heat events especially in cities where the
urban heat island effect can raise temperatures by 2°F to10°F (Luber and McGeehin 2008; IPCC
2007). In addition, by 2030, several southeastern states, such as Florida, North Carolina, and
Georgia are projected to have some of the largest numbers of older Americans (Administration
on Aging 2011).

Tropical cyclones that make landfall will also impact public health systems in the southeastern
USA, especially on coastal population centers. The incidence of longer-lived tropical cyclones in
the North Atlantic is correlated with increased sea-surface temperatures consistent with a
warming climate (Mann and Emanuel 2006). Tropical cyclone intensity can be measured by the
power dissipation index (PDI) as defined by Emmanuel (2005). The annual PDI has increased
significantly in the North Atlantic basin since the mid-1970s and is attributed to an increased
trend in longer tropical cyclone lifetimes and frequencies. Although there has not been an
associated increase in North Atlantic tropical cyclone PDI (Wu et al. 2008), the increased
likelihood of tropical cyclones in the North Atlantic could lead to more frequent tropical
cyclones along the southeastern coastline.

In the aftermath of Hurricanes Katrina and Rita in 2005, coastal and inland populations along
the SE USA suffered from breakdowns of various societal and infrastructure systems including
governance and public health systems. Storm surge, high winds and falling trees, and rising and
receding floodwaters led directly to deaths and injuries and also impeded transportation and
prevented many people from obtaining emergency medical services. The lack of potable water
was a major concern, as human beings require water for hydration, food preparation, and
washing. Raw sewage and industrial contaminated waters disrupted the water distribution
system and became a major environmental and health issue (Goldman and Coussens 2007).
Survivors showed a higher prevalence of serious mental illness (Kessler et al. 2006). The havoc
that these storms wreaked is emblematic of the potential public health impacts that future
powerful storms may inflict in the SE.

Sea level rise is another potential consequence of both the Earth’s warming from an
accumulation of anthropogenic greenhouse gases and natural climate variability. Changes in
Mean Sea Level (MSL) are of major interest to public health in the northern Gulf of Mexico
(nGOM) due to the large extent of coastal wetlands, productive fisheries, and large resident
populations. Changes in MSL are being recorded in NOAA observation stations from south
Texas to the Florida Keys in the nGOM. These data have been collected for more than 150 years
through the National Water Level Observation Network. The MSL changes consistently show a
rise in sea level with the most severe changes in coastal Louisiana. The rate of MSL rise can be
generally categorized as from 0 mm to 3 mm/yr off the coast of west Florida, Alabama, and
Mississippi coasts. In North Carolina, the rate of MSL rise has been observed at a rate of 2 mm
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to 4 mm/yr (North Carolina 2010), and MSL rise has been 9 mm to 12 mm/yr in coastal
Louisiana. The Eugene Island station in south central Louisiana has recorded a MSL trend of
9.65 mm/yr (Figure 3.1), the fastest rate of MSL rise in the nGOM.
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Figure 3.1. MSL at Eugene Island, LA

The major impacts from MSL rise cited in the IPCC 2007 report are inundation, flood and storm
damage, erosion, saltwater intrusion, rising water tables, impeded drainage, and wetland loss.
Changes in MSL exacerbate coastal erosion, flood highly productive marsh and wetland
ecosystems, and change salinity levels that affect fisheries and food sources. Varying degrees of
land loss currently are occurring among hydrologic basins, ranging from 0.1 square miles (64
acres) per year in the Atchafalaya Basin to 11.1 square miles (7,104 acres) per year in the
Barataria Basin (Louisiana Coastal Wetlands 1997). Barrier islands and other low lying areas are
subject to increased frequency and levels of flooding, which have human health implications
from direct injury and disruption of emergency response. MSL rise and coastal erosion may
affect nearshore ecosystems including seagrasses and oyster reefs, which degrade habitats
essential for commercial fisheries, possibly leading to shellfish contamination (Hagen et al.
2011).

Adaptation strategies for sea level rise include changes in construction rules for structure
elevation in local and regional comprehensive plans. Locations of health-related infrastructure
should be carefully planned to meet the needs of communities while providing maximum
protection from rising sea level. Some adaptation strategies being used in the nGOM provide
short and long-term benefits include the use of natural breakwaters such as oyster reefs or
other man-made and natural materials to dissipate wave action and protect shorelines;
creation of dunes along the backshore of beaches with dune grasses and sand fencing to induce
settling of wind-blown sand; introduction of submerged aquatic vegetation to stabilize
sediment and erosion and protect critical fisheries habitat; replacement of shoreline armoring
with living shorelines through beach nourishment and vegetation planting; and promotion of
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wetland accretion through the introduction of sediment (Eco-Systems 2011). All of these
strategies could protect critical infrastructure to prevent health impacts from flood events and
ensure a resilient public health response after a disaster.

3.5 Harmful Algal Blooms and Marine Toxins

Harmful algal blooms (HABs) are toxin-producing blooms of algae including cyanobacteria that
can endanger human health (Landsberg 2002). HABs have caused mass mortalities of fish and
marine mammals in the ocean, killed domestic animals on land, and sickened people through
exposure to the toxins by consumption of contaminated seafood or through recreational
exposure (Backer and McGillicuddy 2006). In the eastern USA, the major toxin producers are
dinoflagellates and cyanobacteria. These organisms have life cycles that can be influenced by
climatic patterns; changes in climate may increase the effects of HABs and consequently
concern for food safety and public health (Tirado et al. 2010).

A variety of climate changes can be expected to cause changes in the frequency, distribution,
and intensity of toxic algal blooms in inland and coastal waters. These include warmer
temperatures and changes in the timing of lake warming, changes in the duration of calm
winds, as well as changes in frequency and intensity of hurricanes. Over the past decade
significant strides have been made in understanding how climate affects HABs (Moore et al.
2008, Tester al. 2010, Hallegraeff 2010), which should improve predictions of these blooms in
the future.

In the SE and Caribbean the most common coastal hazards from HABs are ciguatera fish
poisoning (CFP) and neurotoxic shellfish poisoning (NSP), although potential risks of diarrhetic
shellfish poisoning (DSP) and paralytic shellfish poisoning (PSP) exist (Landsberg 2002). CFP
results from eating fish carrying ciguatoxin, a neurotoxin produced by species of the tropical
dinoflagellate Gambierdiscus. With the exception of scombroid fish poisoning (associated with
mishandling of fish after harvest), ciguatoxin is the most common foodborne illness associated
with fish, affecting an estimated 50,000 to 500,000 people per year globally. In the USA, CFP
illness is concentrated in the Virgin Islands, Puerto Rico, South Florida, and Hawaii. A subset of
patients develops chronic symptoms, which may be associated with long-term disability (Litaker
et al. 2010). NSP results from brevetoxin, produced by the dinoflagellate Karenia brevis and
some related species. K. brevis produces the well-known “red tide” in Florida. Brevetoxin is
unusual in that it can become aerosolized, leading to respiratory distress in humans. During a
bloom, hospital admissions for respiratory iliness increase, and asthmatics are especially at risk
(Kirkpatrick et al. 2006). An economic byproduct of red tide is changes in tourism plans that can
lead to millions of dollars in losses to coastal communities (Larkin and Adams 2007; see Chapter
5).

Cyanobacteria also produce a variety of health risks (Backer 2002) including the hepatotoxin
Microcystin. In addition, cyanobacteria produce several other toxins that pose health risks.
Dermatitis as a result of recreational exposure is an additional risk to humans.
Cylindrospermopsis raciborskii is a cyanobacterium of subtropical origin that appeared in
Florida in the early 1990s and has established itself in the eastern USA and has also bloomed
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the Midwest. The cause of the spread is uncertain but earlier onset of the warm season favors
its growth (Wiedner et al. 2007). Changes in climate that affect the timing of the warm season
in these areas may favor development of Cylindrospermopsis blooms.

As climate change affects water temperature and rainfall, shifts in phytoplankton populations
are expected (Moore et al. 2008; Hallegraeff 2010). As a particular water body changes with
climate, a niche shift is likely to provide the opportunity for new species to populate. Changes
in rainfall and the subsequent nutrient shifts likely will alter the dynamics of the population. In
October 1987, Karenia brevis (Florida “red tide”) was transported in the Gulf Stream to North
Carolina, resulting in closures of shellfisheries in both Carolinas from October until late winter
1988 (Tester et al. 1991). Dinophysis, which has not been a problem in the USA, appeared in the
Gulf of Mexico in March 2008, causing a closure of shellfish beds, as well as a recall of oysters.
Blooms of tropical Pyrodinium sp. have appeared in Florida in the last decade, and have caused
PSP through consumption of fish containing saxitoxin (Landsberg et al. 2006).

Climate change can lead to the expansion of CFP in tropical areas as well as more temperate
zones. While higher sea surface temperatures are associated with higher rates of CFP (Hales et
al. 1999, Tester et al. 2010), studies also have suggested that there may be a maximum
temperature at which the toxin responsible for CFP can grow, with risk declining above this
temperature (Llewellyn 2010). The preferred substrate of Gambierdiscus is macroalgae, which
may spread as a result of coral bleaching (Tester et al., 2010). In the Caribbean, longer duration
of warm temperatures favors development of Gambierdiscus spp. potentially allowing ciguatera
to bio-accumulate in reef fish over a longer period of time (Tester et al. 2010). This will also
cause a decrease in the amount of time available for the toxin to depurate. In the past decade,
CFP has been documented from fish caught in South Carolina and in the Flower Garden Banks
National Marine Sanctuary on the Texas/Louisiana border. These observations suggest that the
disease is moving northward, possibly in association with increasing sea surface temperatures
(CDC 2006; Villareal et al. 2007; Litaker et al. 2010).

The frequency and intensity of other events, such as hurricanes, may result from climate
change and may play a role in the spreading of blooms. The first documented K. brevis bloom in
Mississippi and Louisiana occurred in 1996 when Tropical Storm Josephine transported a Florida
bloom westward (Maier Brown et al. 2006). Hurricane Katrina in 2005 transported a K. brevis
bloom from southwest Florida to the north Florida coast (Carlson and Clarke 2008). While the
full effect of hurricanes on HABs is not clear, these storms have contributed to the spread or
relocation of blooms in the past and it is likely this trend will continue in the future.

3.6 Vector-borne and Zoonotic Disease

The subtropical climate in Florida and parts of the SE is attractive to mosquitoes, including
vectors for the most important mosquito-borne diseases. These diseases include malaria,
vectored by Anopheles sp. mosquitoes; and yellow fever, chikungunya, and dengue fever
vectored by Aedes aegypti and Aedes albopictus. Outbreaks of dengue occurred regularly in
Florida before the 1950s, when mosquito control efforts were implemented across the state.
The vector, A. aegypti, also called the house mosquito, lives in close proximity to people, in and

NCA Southeast Technical Report Revised 7-23-12 46



around homes. Mosquitoes prefer warm environments with high humidity so modern homes
with air conditioning and screens help interrupt transmission by separating the vectors from
susceptible hosts. Local transmission of dengue and malaria in the southeastern USA is now
rare, primarily due to the actions of the Centers for Disease Control and Prevention, which was
created to help with the control and prevention of malaria and related diseases. However, as
the 2003 malaria outbreak in West Palm Beach (MMWR 2004) and the 2009 and2010 dengue
fever outbreak in Key West (MMWR 2010) showed, when people open their houses and spend
time on unscreened porches or in other places outdoors, disease transmission is still possible.

How climate change will impact vector-borne and zoonotic disease transmission in the
southeastern USA is still uncertain. Vector-borne disease transmission cycles are complex and
influenced by many factors. An increase in temperature is likely to shorten the development
time of immature vectors to adults and also shorten the extrinsic incubation period of the
pathogen in an infected vector (Watts et al. 1987). However, vectors also require access to
water to breed, vegetation and humidity to disperse, and susceptible vertebrate hosts to
propagate the disease transmission cycle. Regardless of the complexity of these transmission
cycles, it is important to note that with climate change, it is likely the SE tropical wet-dry
climate zone will expand. This is the climate zone where the most intense vector borne disease
transmission occurs around the world. It is possible that the expansion of the wet-dry tropical
climate zone in the SE USA will result in more favorable ecologic conditions for vector-borne
disease transmission.

The greatest climate change related vector-borne disease concerns are associated with the
expansion of habitats or accessible hosts for A. aegypti. The human population in the SE USA is
growing fast and the demand for drinking and irrigation water is increasing. A. aegypti is known
to readily adapt to urban environments with high host densities. As energy prices increase, the
cost of running air-conditioning may result in increased disease transmission due to higher
prevalence of open windows. In addition, climate change is predicted to increase the severity of
tropical storms and hurricanes. During the many months required to repair homes damaged by
such storms, residents are potentially vulnerable to mosquitos. In addition, debris from the
storms creates mosquito breeding habitats thus increasing mosquito populations.

Zoonotic disease transmission is dependent on contact between infected animals and
susceptible human hosts, and it is possible that any climate associated ecological changes that
facilitate such contact will result in an increased risk for zoonotic diseases. For example, the
anticipated water shortages during periods of drought may facilitate zoonotic disease
transmission by attracting raccoons, a rabies vector species, and other wildlife to human water
supplies. By 2055, changing temperature and precipitation patters could shift the zoonotic
disease tularemia northward, resulting in reduced infections in the central-south area of the
USA (Nakazawa et al. 2007).

3.7 Water Quality and Quantity

Worldwide, climate change is expected to increase diarrheal incidence by 10% by 2030
(Shuman et al. 2010), much of which will be associated with the water-borne disease
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transmission route. In the USA, while widely underreported (Blackburn et al. 2004), waterborne
diseases continue to cause significant morbidity; exposure patterns and illness rates may
change alongside climate and weather patterns (Semenza et al, 2012).

Human exposure to climate sensitive pathogens occurs by ingestion of water intended for
drinking; incidental ingestion during swimming; or by direct contact with eyes, ears, or open
wounds. Pathogens in water also can be concentrated by bivalve shellfish, such as oysters or
pathogens in irrigation water can be deposited on produce; both food sources can then serve as
vehicles for water-associated bacteria and viruses. Pathogens of concern for waterborne
exposure may be either enteric and transmitted by the fecal-oral route (enteric viruses,
bacteria and protozoa) or may occur naturally in aquatic systems (bacteria and protozoa),
where they may cause a range of diseases. Climate may act on these pathogens directly by
influencing growth, survival, persistence, transmission, or virulence. Changing climate or
environments may likewise alter or facilitate transmission of the pathogens or affect the
ecology and/or habitat of zoonotic reservoirs.

Climatological drivers, especially those affecting the hydrologic cycle, can influence how
contaminants are introduced, transported, and processed in coastal ecosystems. Climate
change in the SE USA has manifested itself most dramatically through the regional hydrologic
cycle, with little change in overall temperatures for the region (Portmann et al. 2009). Climate
change is projected to have a significant effect on water resources in the SE (Sun et al. 2008).
Annual precipitation has decreased significantly, more than 20%, over the past 50 years (Karl et
al. 2009) while at the same time the intensity of rainfall has increased by 20% (Groisman et al.
2004). In particular, there has been a significant shift in summer precipitation patterns over the
SE, with a move toward higher variability in recent years (Wang et al. 2008). Exceptionally dry
and exceptionally wet summers will be more likely during the 21st century, due to the North
Atlantic Subtropical High (Li et al. 2011). Recent summer precipitation patterns show multiple
shifts from drought to extreme precipitation. This severe combination of more frequent
drought with episodes of intense rainfall alters overland and groundwater flow, changing
mobilization patterns of inorganic and organic nutrients and contaminants (Boxall et al. 2009).
There is also current evidence for the role of climate change and variability on water quality
and waterborne disease in the SE including (1) expansion in temporal (seasonal) ranges of
certain disease and pathogens related to moderate changes in temperature, (2) increased
loading of enteric pathogens due to intense precipitation events, and (3) periodic exposure to
multiple pathogens during hurricanes and extreme events.

There is a commonly noted correlation between general diarrheal disease (irrespective of
agent) and ambient temperatures. This phenomenon has been documented in both the
northern and southern hemispheres and across geographical areas (Hall et al. 2005, Singh et al.
2001. The enteric pathogens that cause a high burden of illness in the USA, especially the SE
include more than 2,000 serovars of Salmonella enterica. Salmonella are carried by a wide
range of domestic, agricultural, and wild animals. This feature allows Sa/lmonella infections to
be widespread. Outbreaks are generally associated with food, including consumption of
undercooked poultry, beef, eggs, and contaminated produce but may also be associated with
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direct contact with animals and contaminated water, which may contribute to a high burden of
sporadic cases that occur outside of defined outbreaks (Clarkson et al. 2009). Infections with
Salmonella enterica serovars continue to be among the top sources of foodborne disease in the
USA, and the SE reports the highest rates in the nation (MMWR 2010). Worldwide, including
the USA, Salmonella cases peak with the highest annual temperatures (D’Souza et al. 2003,
Kovats et al. 2004, Fleury et al. 2006, Naumova et al. 2006) although the specific mechanism for
this trend is not clear. One study in southern Georgia showed that maximum waterborne
prevalence of Salmonella and diversity of serovars, especially those associated with human
clinical cases, are most common in summer months (Haley et al. 2009). Increased risk of
waterborne exposure may be driving many of the sporadic cases of Salmonella infections that
are currently driving regional and national trends in increasing disease incidence (Clarkson et al.
2009).

Naturally occurring pathogens, including the marine bacteria Vibrio spp., are directly associated
with warm temperatures. While the genus is commonly found in coastal waters worldwide,
four species are commonly associated with human disease: V. parahaemolyticus, V. vulnificus,
V. cholerae non-0O1 and V. alginolyticus. Vibrio spp. are the most common bacteria associated
with shellfish disease in the USA and a common cause of wound, eye, and ear infections. Vibrio
ilinesses are common in the coastal states of the SE, especially along the Gulf coast, where most
cases of V. vulnificus arise (Yoder et al. 2008).

Pathogenic Vibrio spp. are well-adapted to coastal waters and proliferate at warm
temperatures, particularly above 15°C (Martinez-Urtaza et al. 2009), and human infections are
more frequently observed in warm climates (Dechet et al. 2008, Iwamoto et al. 2010, Weis et
al. 2011). Reported human cases also peak during summer months, corresponding with warm
temperatures and increased human exposures through seafood and recreational water use
(Dechet et al. 2008, Dziuban et al. 2006, Iwamoto et al. 2010, Yoder et al. 2008). Additionally, in
the USA, human reports from Gulf Coast states and southeastern Atlantic states include a
greater overall diversity of Vibrio spp. associated with infections (Dechet et al. 2008). Recent
analyses on Vibrio infections associated with consumption of Gulf Coast shellfish indicates that
cases are expanding temporally, with cases now frequently reported in April, one month earlier
and in November, one month later than traditionally observed (Martinez-Urtaza et al. 2010).
This trend is associated with an increase in the number of days in each month where water
temperature is greater than 20°C. From the decade between 1997 and 2007 compared to the
decade between 1987 and 1997 there were water temperatures reaching more than 20°C for
five days in April with a 300% increase in the number of V. vulnificus ilinesses (Martinez-Urtaza
et al. 2010). Across the USA, rates of Vibrio spp. infections have grown by more than 115% since
1996 (MMWR 2011).

Changes in precipitation leading to increased flooding may have the greatest potential impact
on food and waterborne disease, especially those associated with the fecal-oral route. A
retrospective analysis of waterborne outbreaks associated with drinking water in the USA
between 1948 and 1994 revealed that 51% of outbreaks occurred following a daily precipitation
event in the 90™ percentile and 68% occurred when precipitation levels reached the 80"
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percentile (Curriero et al. 2001). Waterborne pathogens associated with point and nonpoint
sources of pollution include Cryptosporidium spp., Giardia spp., Salmonella spp., Campylobacter
spp., and a range of enteric viruses, such as noroviruses, hepatitis A viruses, and enteric viruses.

High levels of precipitation may cause the spread of pathogens in a number of ways:
overloading of waste-water treatment plants leading to diversion of waste-water to combined
sewer overflows, increased run off of pesticides and other contaminants from agricultural or
urban lands, or the failure of septic systems. Such events may expose people to significant
guantities of enteric pathogens as has been documented with storm events in the SE (Lipp et al.
2001a, Shehane et al. 2005, Vereen et al. 2007, Stumpf et al. 2010, Parker et al. 2010).

The specific effects of climate variability on water quality in the SE have been determined using
ENSO events as a model for interannual variability in retrospective studies. Tidally influenced
rivers in the SE respond to increased precipitation and streamflow associated with El Nifio
events with significantly higher levels of fecal contamination, that are measured using fecal
coliform bacteria (Lipp et al. 2001b, Chigbu et al. 2004). Moreover, specific enteric pathogens,
such as enteric viruses, are also more likely to occur with high precipitation and streamflow
associated with El Nifio winters (Lipp et al. 2001a).

Water quality is also impaired during extreme events, specifically hurricanes, which are
projected to increase in frequency and/or strength under various climate change scenarios.
Hurricanes associated with large storm surges and tidal inundation may increase exposure for
Vibrio spp. in affected populations as was seen in Gulf Coast states following the 2005
hurricanes, Katrina and Rita, in the SE. The incidence of Vibrio spp. infection increased relative
to previous periods, with 22 wound infections and 5 deaths in slight more than a one-month
period (CDC 2005). Flooding can also result in contamination from fecal sources and associated
increase in enteric illnesses. In 1999, Hurricane Floyd flooded much of eastern North Carolina,
including farm and livestock operations. This massive flooding event resulted in high levels of
fecal contamination (Bales et al. 2000). The number of people seeking treatment for
gastrointestinal illness doubled (Setzer and Domino 2004).

3.8 Human Migration and Displacement and Healthcare Disruption

Past disasters have identified problems associated with medical surge capacities during disaster
events. Not only are the medical services within a disaster area often overtaxed (Franco et al.
2006), but in many instances populations evacuating from impact zones to safe areas can
overwhelm medical services in the safe zone (Sheppa et al 1993, Gagnon et al. 2005, Gavagan
et al. 2006, Stratton and Tyler 2006, Allen et al. 2007). Figure 2 shows the displacement pattern
of Mississippians to other parts of the nation after Hurricane Katrina. These disaster diaspora
populations often need more than food, water, and shelter during the transition from victims to
survivors. One of the least understood aspects of this additional need is related to medical
surge and the need to create accurate plans for the accommodation of increased patient
volumes both inside and outside of the disaster impact zone (Hick et al. 2004, Bonnett et al
2006, Barbisch and Koeing 2008). With climate change likely to increase extreme weather
events in the SE, including storm intensity, increased health implications associated with this
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type of migration will be expected to increase in the future. Mental health impacts could result
from traumatic stress and deterioration of community wellbeing (Berry at al. 2010), especially
for the disadvantaged communities in the SE (Wilson et al. 2010).

Dispersion of Katrina Evacuees from Mississippi
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Figure 3.2. Disaster Diaspora populations from Mississippi by evacuation location.
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4 Southeastern Energy Production, Use, and Vulnerability to Climate Change

Lead Author
Kenneth L. Mitchell, U.S. Environmental Protection Agency, mitchell.ken@epa.gov

Contributing Authors

Kimberly M Adelberg, Southern Company Generation
Marilyn Brown, Georgia Institute of Technology

Ryan Brown, U.S. Environmental Protection Agency
Diana Burk, Southface

Cort Cooper, Chevron Energy Technology Co.

Garry P. Garrett, Southern States Energy Board
Daniel Garver, U.S. Environmental Protection Agency
Julie Harrington, Florida State University

David Letson, University of Miami

Pat Long, East Carolina University

Stephen A. Smith, Southern Alliance for Clean Energy
Karen Utt, Tennessee Valley Authority

Thomas Wells, Southern Company Generation
Thomas J. Wilbanks, Oakridge National Laboratory

Key Vulnerabilities
Impact of extreme weather events on energy production and distribution infrastructure
e Change in water supplies for hydropower and/or thermal power plant cooling
e |Impact of temperature increases on overall thermoelectric power generation
efficiencies
¢ Changed conditions affecting facility siting decisions
e Most effects are likely to be modest except for possible regional effects of extreme
weather events and water shortages.

4.1 Status and Outlook for Energy Production and Use in the Southeast

The southeastern USA is one of the most important domestic producers and users of energy in
the United States.! In 2010, states in the Southeast (SE) produced 15%of the coal and
approximately one quarter of nation’s domestic crude oil.2,® In 2009, three SE states ranked in
the top ten nationally in renewable energy installed or cumulative capacity in millions of watts
(MW) in one or more resource types: Alabama (fifth in biopower), Florida (fourth in biopower
and fifth in in solar photovoltaic or PV), and Louisiana (second in biopower), and North Carolina
(tenth in annual solar PV capacity additions).” However, no southeastern state ranked in the top
ten in wind or geothermal development.” In addition to being a major supplier of energy, the
region is also a large consumer of electricity and other fuels. Of the eleven states in the SE USA,,
six have an electricity import/export deficit as a percent of total generation (two with greater
than 20% deficit and four between 20% and 0% deficit).® Puerto Rico and the U.S. Virgin Islands
have few conventional energy sources and make most of their electricity from imported fossil
fuels.’
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This chapter explores the status of the SE as a source and user of energy in the USA. It also
looks at how a changing climate may impact the ‘region’s ability to supply energy into the
future and identifies key uncertainties in the understanding of these issues.

4.1.2 Existing Energy Resources in the Southeast

The SE is home to large and varied, though unevenly concentrated, energy resource reserves.
Approximately 10% to 11% of the national hydroelectric power comes from the SE (more than
half from Alabama and Tennessee) with some additional future potential still available.? Coal
deposits are distributed throughout Appalachia and beyond. Natural gas and oil finds exist both
onshore and offshore. Solar insolation is above average for the eastern part of the nation.
Significant amounts of biomass energy are available. In specific locations, wind and geothermal
resources are also potential sources of energy, but mostly offshore and via co-produced fluids
in the oil and gas industry respectively.” In the ongoing development of these various energy
resources, a number of issues will have to be considered, including permitting requirements,
costs, distance to transmission, environmental impacts, and the number of projects needed to
reach generation goals.

Coal

Coal deposits in the SE are concentrated in several states including Kentucky, Virginia, and
Alabama. Approximately 10% of the USA coal reserves are located in four key states in the SE,
including Kentucky, with 1,303 million tons and Virginia with 294 million tons. In 2009,
recoverable coal reserves in the SE were estimated at 1,896 million short tons out of 17,474
million short tons (approximately 10.9%) of the USA total.'® About 71% of coal in the USA is
transported by train for at least part of its trip to market. Coal can also be transported by barge,
ship, truck, and even pipeline.'!

There are also lignite resources available in Arkansas, Mississippi, and Louisiana that could play
arole in future electric generation. Mississippi Power Company’s 582 MW Integrated
Gasification Combined Cycle (IGCC) power plant (which will also include carbon capture and
sequestration technology) in Kemper County, for example, is set to burn lignite as its fuel supply
beginning in 2014."

Oil and Natural Gas

Figure 4.1 shows natural gas production in the USA from 1990 through 2009 with forecasts
through 2035. While onshore and offshore conventional supplies make up a significant portion
of historical production, shale gas is forecast to play a key role in future supply due to improved
exploration and production technologies.13 Key shale finds include the Fayetteville shale in
Arkansas and the Haynesville/Bossier in Louisiana. Of the 61 trillion cubic feet (Tcf) of shale play
reserves in the USA, 20 Tcf are found in the Haynesville/Bossier and Fayetteville plays.™

The distribution of natural gas occurs in a major pipeline network (Figure 4.2) with significant

pipeline capacity in the SE.™ Several of the liquefied natural gas (LNG) terminals in the nation
are in Louisiana and Elba Island Georgia.'®
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Figure 4.1. Natural gas production, 1990 to Figure 4.2. Natural gas pipelines.

2005, (trillion cubic feet).

Biomass

One estimate of the biomass resource in SE is 106,710 thousand tons of material per year (25%
of the USA total).'” Wood pellet mills are among the most successful group of new woody
biomass consumers, with pellet mills currently consuming 6.2 million tons of wood per year,
and producing 3.1 million tons of export quality wood pellets.'® This is largely due to demand
for biomass co-firing in European countries that have opted to use wood pellets because of
increasing fossil fuel prices and environmental concerns.’

Nuclear

Of the 104 nuclear reactors in the USA, 37 (36%) are located in the SE and account for more
than 36,400 MW of electrical power. In 2010, these units generated some 285 billion Kwh,
operating at a capacity factor slightly less than 90%.%°

Hydro and Marine Hydrokinetic

Every SE state except Mississippi generates some electricity via hydroelectric power. In 2008,
the SE produced 11% of the total USA hydroelectric power and had 14,310 MW of net summer
hydroelectric capacity, or over 18% of the USA total.”** Tennessee, Arkansas, and Mississippi
each have approximately 4 GW of developable hydroelectric resources remaining. North
Carolina, Georgia, Alabama, and Louisiana have between 2 to4 GW of developable
hydroelectric resources remaining. South Carolina, Kentucky, and Florida contain around 1 GW
of hydroelectric potential each.” These resources are mostly available from retrofitting and
upgrading existing hydroelectric dams, or installing small or microscale hydroelectric systems.
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The U.S. Department of the Interior estimates that 0.1% of the Florida Straits Current could
supply 35% of Florida’s electrical demand via marine hydrokinetic electric generation.?* Some
energy potential also exists for Georgia® and North Carolina®® and likely in similar fashion for
South Carolina from wave, tidal, and currents using marine hydrokinetic technology.

Solar

Solar resources in the 11 states of the SE are not as robust as those found in the western USA,
but resources near or in excess of 5 watts per square meter, are significantly better than in
much of the country east of the Mississippi River. Among SE states, Florida has the best solar
resources.”’ Puerto Rico and the U.S. Virgin Islands both have high solar resource potential.zg'29

Wind

In the SE wind energy resources are less
robust than resources in the Plains states;
however, wind resources do exist in
specific mountainous, coastal, and
offshore areas. A scenario outlined by the
National Renewable Energy Lab estimated
that as part of a national strategy to
generate 20% of the nation’s electricity
from wind energy by 2030, the SE could
provide between 17 GW and 32 GW of
wind energy capacity, including onshore
and offshore resources.** North Carolina,
for example, has the best shallow water
offshore wind resource in the country.

Geothermal

The SE has few viable opportunities for
geothermal power generation sites.
However, co-produced fluids (water from
oil and gas production) could provide up
to 771 MW of geothermal energy using
existing wells in Alabama, Arkansas,
Florida, Louisiana, and Mississ.ippi.a2

Energy Efficiency

Energy efficiency initiatives in the SE are a
powerful way to reduce per capita energy
consumption, conserve fuels, and reduce
the need for new generating capacity into

Case Study: Louisiana

Louisiana is an important state for both the production and
distribution of fuel in the United States. For example, the
Louisiana Offshore Oil Port (LOOP) is the only port in the
United States capable of accommodating deep draft tankers,
two of the U.S. Strategic Petroleum Reserve’s four storage
facilities are located in Louisiana, and the Henry Hub is the
largest centralized point for natural gas spot and futures trading
in the United States, providing access to major markets
throughout the country. In addition, the liquefied natural gas
(LNG) import terminal at Sabine is the largest of nine existing
LNG import sites in the United States.
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the future. Additional energy efficiency resources and initiatives are discussed in chapters 5

(Built Environment) and 12 (Mitigation).
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4.1.3 Landscape of Energy Production, Delivery, and Use in the Southeast

Electricity Production

Peak demand for electricity in the SE, which was more than 238 GW in 2010, represents around
32% of the total demand in the nation. Likewise, generating capacity in the SE is approximately
32% of the total nationwide. Nationally, fossil fuel based capacity represents some 71 % of the
total generating capacity while nuclear, hydro, and other renewables make up around 25%. In
the SE, traditional fossil-based generating capacity is some 235 GW or 78% of the total
generating capacity of 300 GW. In addition to fossil fuels, nuclear power provided (in 2009) 36
GW and renewables and pumped storage 28 GW of generating capacity (Table 1).%2

Table 4.1. Southeastern States Generation Capacity

(2009)

Fuel GW Percent
Coal 94 313
Petroleum 19 6.3
Natural Gas 122 40.5
Nuclear 36 12.1
Renewables 19 6.3
Pumped Storage 9 3.1

Total 300 ‘ |

The SE has a balanced portfolio of resources from an operational perspective. Traditional base
load resources such as nuclear and coal provide power around the clock. Pumped storage,
along with gas turbine units, provides energy during peak load conditions. The generation of

with nuclear power providing around 292
billion Kwh of electricity, some 25% of the
electrical needs of the SE in 2009. In
contrast, coal generation in 2009 delivered
491 billion Kwh, while natural gas
combined cycle units produced some 277
billion Kwh of electricity. From 2005 to
2009, coal fired generation dropped from
50% to 43% of the total generation, while

electricity on an hourly basis, measured in
kilowatt-hours, provides a different picture .
o VA gy S
SEE ol {3
.‘ By Y+

natural gas picked up the majority of that

. Figure 4.3. Comparison of regional thermoelectric generation
difference.® g P g g

capacity by North American Electric Reliability Council Region,
1995-2025.
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With regard to growth in electric power
sector, a 2004 study by the Department
of Energy projects a 63% to 79%
increase in thermoelectric capacity by
year 2025 for much of the Southeast
(Figure 4.3).>> Updated estimates for
growth in the electric power sector (all
fuel types) indicates more modest
growth in electric generating capacity
between 2010 and 2035 of 23% for
Florida and 15% for the rest of the
region.36

37

With regard to renewables, including
conventional hydro, the SE produced 67
billion Kwh in 2009°® with this value
expected to grow over time. For
example, 29 MW of generation capacity
from wind turbines currently exist in
the SE,* and at least five utility-scale
wind farms have recently been
proposed in the following locations:
Invenergy, North Carolina, SOMW;
Iberdrola, North Carolina, 300MW;
Invenergy, North Carolina, 300MW;
Next Era, Kentucky, 100 MW; and Wind

Capital Group, Florida, 150 MW. "0~ #*- 42
43,44

Case Study: DeSoto Next Generation Solar Energy
Center

When opened in October 2009, Florida Power and Light's
DeSoto County Next Generation Solar Energy Center was
the largest solar photovoltaic plant in the United States.

The facility’s 90,500 solar panels have an annual estimated
generation of approximately 42,000 MWh - enough power to
serve about 3,000 homes.

Over 30 years, the solar facility will prevent emission of more
than 575,000 tons of GHGs, equivalent of removing over
4,500 cars from the road every year for the entire life of the
project.

The project is also estimated to decrease fossil-fuel usage by

approximately 7 billion cubic feet of natural gas and 277,000
barrels of oil.

DeSoto Next Generation Solar Energy Cenler

http://www.fpl.com/environment/solar/desoto.shtml

As another example, Tennessee Valley Authority (TVA) has 300 kW of solar photovoltaic
capacity installed, an additional 16 MW under contract, and 34 MW approved under the
Generation Partners program. *® Duke Energy owns, purchases, or has installed up to 24 MW of
solar capacity in North Carolina and South Carolina.*® Georgia Power is soliciting 50 MW of
large-scale solar capacity to be added to the Georgia system by 2015,*’ and a solar company,
National Solar Power, has announced its plans to develop a 400 MW solar power plant in
Florida.*® Florida Power and Light’s existing three solar power plants generate 110 MW of clean
energy for 4.5 million customers throughout the state, preventing the emission of more than
3.5 million tons of greenhouse gases--equivalent to removing 25,000 cars from the road every

year.*

The Caribbean also has significant renewable energy resources. For example, a recent study
estimated available resources for electricity production on the island of Puerto Rico (Table 2).*°
In 2010, the U.S. Virgin Islands signed a memorandum of understanding with both the U.S.
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Department of Energy (DOE) and U.S. Department Interior (DOI) to establish a deployment
strategy for the islands’ significant renewable energy resources. The plan includes
transportation, electricity generation and transmission, energy efficiency, tourism and industry,
and a public education campaign.”® As of March 2012, several utility-scale wind and solar
projects were under construction in Puerto Rico, according to information provided by the
Puerto Rico Energy Affairs Administration.>2

Table 4.2. Estimated Renewable Energy Potential for Electricity Production in Puerto Rico
Electric Energy Production Estimate
MWh/year if 10% of Resource is
Used to Produce Electricity

Percent of the 2006 Electric
Energy Demand**

Renewable

Resource/Technology*

Wind 2,977,052 14.4
Ocean 16,935,360 82.2
Solar (photovoltaic) 3,900,000 18.9
Biomass — Agricultural | 1,200,000 (traditional)

24,000,000 (microalgae) >-8t0116.5
Biomass — Waste ~90,000 0.4
Micro Hydro 2.628 0.01

*Fuel Cells were also considered in the source paper for this table, but not shown here.
**According to the Banco de Desarrollo Economico de Puerto Rico, the island had an electricity
demand of 20,600,000 MWh in 2006.

Electrical Transmission System

The electrical transmission system in the SE is
widely interconnected throughout the Eastern
Interconnection, essentially states east of the
Rockies except Texas, with more than 280,000
miles of transmission lines more than 100
kilovolts (kV). The SE grid consists of almost
110,000 miles of transmission lines above 10 kV
and includes the two regional reliability
corporations, SERC and FRCC (Figure 4.4).>* As of
2009, this represented 35% of the transmission
found in the Eastern Interconnection and 26% of
the entire USA transmission of 372,340 miles. In
2009, approximately 8,800 circuit miles of new
transmission were added to the North American Figure 4.4. North American Reliability Corporations
bulk power system with some 2,600 miles greater

than 200kV. More than 5,000 miles of that new transmission was added in the SE, particularly
in Florida. The bulk transmission system (more than 100kV) is forecast to consist of over
115,000 miles by 2018 with the Eastern Interconnection totaling 296,000 miles within a
national system of 407,000 miles.>
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Some energy sources have special transmission considerations. For example, DOE has noted
that the rapid development of wind power requires substantial additions to the nation’s
transmission infrastructure due to the geographically-dependent nature of wind resources. The
relatively low capacity factor of wind plants and the short time it typically takes to build a new
wind project versus the longer time required develop new transmission infrastructure add to
the challenge. That said, wind energy-related projects are moving forward to provide
electricity for the SE. TVA signed contracts in 2010 for more than 1,300 MW of wind energy
from projects throughout the Midwest;*® and Alabama Power, a subsidiary of Southern
Company, has signed a power purchase agreement for 202 MW of wind energy from
Oklahoma.>’ Pattern Energy has proposed its Southern Cross long-distance transmission project
that would connect up to 3,000 MW of Texas wind farm energy to an offloading location in
Northeastern Mississippi by 2016 and Clean Line Energy has proposed its Plains & Eastern
project that would provide up to 7,000 MW of wind energy capacity from farms in Kansas,
Oklahoma, and Texas to an offloading point in Mempbhis, Tennessee (TVA territory).”

Electricity Assets in the Southeast

The nation’s current fleet of electric power generators has a wide range of sizes and ages. Of
the nation’s 1,266 coal steam electric generating units, for example, the largest (250 MW)
represents 36% of the fleet and have been in service an average of 34 years. The smallest units
(0 to 25 MW), which make up 15% of the fleet have been in service an average age of 45
years.” In the SE, there have been numerous coal fleet retirement announcements, including
269 MW at 4 units by Dominion Power; 800 MW at four Cliffside units in North Carolina by
Duke Power; 1,481 MW at 14 units, also by Duke, each of which was built between 1941 and
1958. Progress Energy is retiring 11 units of 1951 t01972 vintage in North Carolina totaling
1,513 MW,; Southern Company is retiring over 1,094 MW units built in the 1960s. TVA has
announced plans to retire 21 coal-fired generating units in Tennessee and Alabama, totaling
3,231 MW at plants built between 1952 and 1959. In total, this represents around 8,388 MW of
electrical generating capacity that will eventually be replaced with more efficient, cleaner
electrical supply options.®

In the American Society of Civil Engineers (ASCE) Report Card for America’s Infrastructure 2009,
energy sector received a grade of D+, a grade that is consistent with other segments of USA
infrastructure, such as water, roads and bridges, and transit. ASCE has noted that “while
progress has been made in grid reinforcement since 2005 and substantial investment in
generation, transmission and distribution is expected over the next two decades, demand for
electricity continues to grow (25% since 1990) and permitting for much needed modernization
has been difficult. Projected electric utility investment needs could be as much as $1.5 trillion
by 2030.”%2
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Energy Use in the Southeast

At approximately 27% of the USA total, the SE consumes
more energy than any other NCA Region (Figure 4.5). That
consumption in 2009 was dominated by the industrial sector
(31%) and transportation (28%), both of which are higher
than the national average. Among industrial energy
consumption, Louisiana is substantially higher than other
southeastern states. Residential use accounted for 23% of SE
energy consumption while commercial activity consumed
18%, both of which are lower than the national average.63 of
the southeastern states, Florida dominates in terms of
consumption (Figure 4.6). It is noteworthy that among
residential users, the per capita consumption of energy in
the SE has risen steadily since the 1960, with southeastern
residences now consuming the highest amount of energy
per person of any other NCA Region (Figure 4.7).

With regard to petroleum, the SE is the largest consumer of
petroleum products in the USA, with one quarter of all
petroleum consumed by the region’s eleven states (Table
3).%* For example, about 28% of all motor gasoline consumed
in the USA was purchased in the SE in 2009, reflecting both
the high population and the number of vehicle miles traveled
(VMT) in this region. It is also noteworthy that in addition to
having the highest VMT among all NCA regions (Figure 4.8),
the per capita VMT in the SE is also the highest.®>
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Table 4.3.

Energy Consumption Estimates for Petroleum Energy Sources in Physical Units, 2009

Fuel

Petroleum Ethanol®

Distillate | Jet Motor Residual

Fuel Oil | Fuel® | LPG® | Gasoline® | Fuel Oil | Other® | Total

Million Barrels
Alabama 24.4 1.7 3.7 62.8 0.9 16.1 109.7 | 2.6
Arkansas 22 0.8 2.9 34.8 0.1 4.1 64.8 1.7
Florida 46.4 31.5 5.5 200.6 13.8 13 310.8 |17
Georgia 38.2 18 5.4 117.8 7.3 9.4 196.1 9.9
Kentucky 27.7 9.8 8.6 534 0.1 25.6 125.3 4.9
Louisiana 32.7 16.1 58.5 54.7 16.4 86.2 264.6 3.1
Mississippi | 19.9 4.9 34 37.6 0.8 9.4 75.9 2
North
Carolina 31.3 1.9 12.2 105.9 2.7 11.1 165 9
South
Carolina 19 1.1 2.7 65.6 2.9 12.5 103.7 |[5.4
Tennessee | 25.2 11.2 33 75.4 (s) 28.6 143.8 | 7.6
Virginia 34.3 15.7 5.6 94.5 3 7.1 160.3 | 8.6
Southeast | 321.1 112.7 | 111.8 | 903.1 48 223.1 1720 71.8
United
States
Southeast
as a % of 24 22 15 28 26 28 25 27
U.S. Total

®Includes kerosene-type jet fuel only; naphtha-type jet fuel is included in “Other Petroleum”
bLiquefied petroleum gases

“‘Motor gasoline as it is consumed; includes fuel ethanol blended into motor gasoline
dncludes asphalt and road oil, aviation gasoline, kerosene, lubricants, and the 16 other
petroleum products

°Includes denaturant

Where shown, (s) = Value less than 0.05.

4.2 Impact of Climate Change on Energy Supply and Demand in the Southeast

Climate change is of concern for energy services in the SE due to the potential for changing
patterns of demand, such as more air conditioning during warm months, as well the potential
impacts on electricity generating capacity and energy distribution infrastructure. For example,
concerns exist for energy supply facilities and systems in vulnerable parts of the region, such as
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the oil and gas supply systems along the Gulf Coast. The U.S. Climate Change Science Program
has summarized this issue as follows:®’

How might climate change affect energy consumption in the United States? The research
evidence is relatively clear that climate warming will mean reductions in total U.S. heating
requirements and increases in total cooling requirements for buildings. These changes will vary
by region and by season, but they will affect household and business energy costs and their
demands on energy supply institutions. In general, the changes imply increased demands for
electricity, which supplies virtually all cooling energy services but only some heating services.
Other effects on energy consumption are less clear.

How might climate change affect energy production and supply in the United States? The
research evidence about effects is not as strong as for energy consumption, but climate change
could affect energy production and supply (a) if extreme weather events become more intense,
(b) where regions dependent on water supplies for hydropower and/or thermal power plant
cooling face reductions in water supplies, (c) where temperature increases decrease overall
thermoelectric power generation efficiencies, and (d) where changed conditions affect facility
siting decisions. Most effects are likely to be modest except for possible regional effects of
extreme weather events and water shortages.

How might climate change have other effects that indirectly shape energy production and
consumption in the United States? The research evidence about indirect effects ranges from
abundant information about possible effects of climate change policies on energy technology
choices to extremely limited information about such issues as effects on energy security. Based
on this mixed evidence, it appears that climate change is likely to affect risk management in the
investment behavior of some energy institutions, and it is very likely to have some effects on
energy technology R&D investments and energy resource and technology choices. In addition,
climate change can be expected to affect other countries in ways that in turn affect U.S. energy
conditions through their participation in global and hemispheric energy markets, and climate
change concerns could interact with some driving forces behind policies focused on U.S. energy
security.

In most cases, the availability of peer-reviewed published literature on these issues is quite
limited, including at the regional level, although there is a broad consensus about the general
vulnerabilities and risks based partly on reputable expert group assessments.

As discussed in chapter 2, the climate of the SE is variable and influenced by a number of
factors, including latitude, topography, and proximity to large bodies of water. Although the SE
is mostly of a humid subtropical climate type, climate characteristics such as temperature and
precipitation are variable, including on a seasonable basis, across the region.

The SE region currently experiences a wide range of extreme weather events that affect human

society, ecosystems, and infrastructure, including energy infrastructure. Since 1980, the SE has
experienced more billion-dollar weather disasters than any other region in the USA Most of
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these were associated with hurricanes, floods, and tornadoes. A summary of extreme weather
in the SE follows. Chapter 3 provides additional detail about historical climate trends in the SE
and projections of future climate. Please see that chapter for a more complete description of
the existing climate, climate trends, and climate projections for the SE, along with citations to
that information.

e Heavy rainfall can produce short-lived flash floods and long-duration river floods. Major
rivers in the SE, for example, the Mississippi and Ohio are susceptible to flooding, which
can have an impact on transportation; utility and industrial plants; and population
interests.

e Despite an abundance of moisture, the SE region is prone to drought in which deficits of
precipitation lead to a shortage of freshwater supplies. Rapid population growth and
development greatly increase the region’s demand for water thus increasing its
vulnerability to drought.

e Due to its mid-latitude location, the SE region often experiences extreme heat during
the summer months and also is prone to extreme cold during the winter month:s.

e Winter storms, including snow and ice storms, occur most frequently across the
northern tier of the SE region and have the potential to impact society, including
disruption of utilities and transportation as well as school and business closings. A
December 2002 ice storm, for example, resulted in more than 1.8 million customers
losing power, eclipsing the previous record for power outages in the region from a single
storm set by Hurricane Hugo in 1989.

e Thunderstorms are frequent occurrences across the region with damaging winds and
large hail occurring most frequently across Alabama, Mississippi, Arkansas, western
Tennessee, and northern Louisiana.

e The region sees the highest number of strong tornadoes (F2 and greater) and
experiences more killer tornadoes than the Tornado Alley of the Great Plains.

e The greatest frequencies of lightning strikes in the USA are found across the Gulf Coast
and the Florida Peninsula.

e Tropical cyclones (tropical storms and hurricanes) have contributed to more billion-
dollar weather disasters in the region than any other hazard since 1980. Tropical
cyclones make landfall most frequently along the Outer Banks of North Carolina,
southern Florida, and southeast Louisiana. (Puerto Rico and the U.S. Virgin Islands have
also had numerous major disaster declarations due to tropical storms and
hurricanes.)®®%

In addition to extreme weather events under current climate conditions, other climate-related
issues, such as sea level rise, are relevant to energy production, distribution, and use in the SE.
For example, about one-third of USA refining and gas processing facilities are situated in the
coastal plain of the Gulf of Mexico. Rising sea levels, which primarily result from warming ocean
water and melting ice, could lead to direct loses of these assets from flooding and erosion. One
response might be to raise vulnerable assets to higher ground, or build new facilities further
inland at correspondingly higher transportation costs.”®’*
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The remainder of this section provides brief examples of some of the potential climate risks and
vulnerabilities to SE energy production and use. As noted previously, chapter 3 of this report
provides additional detail about historical climate trends in the SE and projections of future
climate (along with citations for this information).

4.2.1 Climate Impacts on Energy Demand

The SE already experiences high heat and
humidity, resulting in elevated heat indices, eks-2- ( _ 1
27 in summer months with higher temperatures

projected for the future. Higher temperatures 8 4 3 : 2

raise demands for electricity to cool homes, work 9 v ) _
places, commercial spaces, and indoor : 6 5 da
recreational spaces. Urban heat island effects may 7 7 _

further increase demands for cooling. In cooler
seasons, energy demands for space warming will
likely decrease, possibly reducing net annual 2
demands for non-electricity fuels for interior 4 |LowAT b
heating. Overall, the net change for energy
demand (cooling and heating) in the SE is
expected to be an increase. This is a particular
concern for lower income households in the SE

Energy (Quads)
N

. . High AT L
that may already be unable to weatherize their 2
homes and install and operate air conditioning g 1
systems. % '4
Region 1 2 3 4 5 6 7 8 9
For example, a 2006 analysis looked at heating mcooling wmheating m net
energy, cooling energy, and net changes, by
Region, under two climate projections. The study Figure 4.9. (a) The nine U.S. Census Divisions and
estimated that increases in cooling demands in projected cumulative (2003-2025) changes in primary
. ) heating energy, cooling energy, and net changes, as
the SE would be considerable even in the departures from the reference case, for (b) the low DT
relatively near term for either a high or a low scenario and (c) the high DT scenario. The Census
h . . 73 Divisions are: (1) Northeast, (2) Middle Atlantic, (3) East
temperature-change scenario (Figure 4.9). North Central, (4) West North Central, (5) South Atlantic,

(6) East South Central, (7) West South Central, (8)

Other climate effects on energy demand are less Mountain, and (9) Pacific including Alaska and Hawaii.

clear (e.g., lower fuel mileage from increased

vehicle air conditioning use or more use of lawn irrigation systems in response to droughts).
While some of these changes may not be large, they may contribute to increases in regional
energy demands overall.

Climate-related demographic shifts are another consideration for energy needs in the SE. For
example, the American Planning Association has noted that shifts in migration in the SE may
occur in response to climate-related risks in coastal areas and rising heat indexes.”* Such shifts
in population and economic activities would change patterns of energy demand within the
region.
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4.2.2 Climate Impacts On Energy Production And Distribution (Supply)

Critical SE regional infrastructure, such as
energy, transportation, and hospitals, already
experience the effects of extreme events such
as floods, hurricanes, high ambient
temperatures, and tornados. Damage to these
assets can cause disruption of services lasting
from days to months.

Of these risks, one which has received
substantial attention in recent years is coastal
infrastructure exposure to hurricanes, sea-
level rise, and land subsidence along the Gulf
Coast.”” In the near term, the effects are risks
of major temporary disruptions in energy
supply activities, including both coastal and
offshore facilities, involving oil/gas systems as
well as electricity production systems. Over
the longer term, effects could include
increased capital expenditures to harden
existing facilities, build more robust new
facilities, or move facilities and activities to
less vulnerable locations.

Case Study: Browns Ferry Nuclear Plant

Browns Ferry Nuclear Plant is on the north shore
of Wheeler Reservoir in north Alabama and was
the largest in the world when it opened in 1974. It
was also the first nuclear plant in the world to
generate more than 1 billion watts of power.

Browns Ferry has had to operate at reduced
power production for significant periods of time
during hot summer months and low water flow
conditions in order to maintain the plant discharge
within environmental limits. In 2010, for example,
existing climate conditions resulted reduced plan
operations that resulted in $50 million in additional
costs to TVA customers.

TVA is currently working on a project to expand
their cooling tower capacity in order to continue
operating during high river temperatures.

http://www.tva.gov/sites/brownsferry.htm
http://www.tva.gov/abouttva/board/pdf/11-4-
2010 board final.pdf

The impact of existing climate factors on oil and gas production and refining was demonstrated
in 2005 when hurricanes Katrina and Rita hit the Gulf. Figure 4.10 shows the large magnitude of
impact and slow recovery of production following the two storms (note that Katrina made

landfall on Day 1 and Rita on about day 28).”° To put these numbers into a national perspective,

Katrina alone resulted in the shut-

in of more than 95% of offshore i
Gulf crude oil production,
approximately 27% of total U.S.
crude production. This local
domestic production could not be
rapidly replaced by imports since
major oil import terminals were
also interrupted, resulting in an
estimated 32% reduction of total
USA crude oil import capacity. In
addition, Katrina and Rita forced
the shutdown of about 32

Percent of Total Production Shut-in (%)

Days After Landfall

— atnna’Rita Shut-in Crude Onl =k atnna’Rita Shut-in Natural Gas

refineries representing a loss of up
to 26% of USA refining capacity.

Figure 4.10. Time history of offshore oil and gas production in the Gulf
following Katrina and Rita.

According to the Federal Trade Commission, these interruptions were largely responsible for
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gasoline price increases of about 17%, increases which did not disappear until several months
after the storms.”’

Based on climate projections discussed in the chapter 2, other potentially important
considerations for certain areas of the SE may include (a) increased droughts that reduce the
availability of water for power generation; (b) higher temperatures, particularly during summer
months, that cause electricity demands to rise over periods that are long enough to exceed
supply and that could jeopardize electricity availability; (c) reductions in thermal power plant
capacities due, for example, to higher water temperatures (see the Browns Ferry case study
above); and (d) possible effects on renewable energy beyond hydropower, such as biopower,
are generally thought to be more sensitive to climate variability than fossil or nuclear energy
systems).”®”?

4.2.3 Indirect Effects of Climate Change on Energy Production and Use

Climate change may have important indirect implications for energy supply and use. Indirect
effects may include impacts on specific economic sectors that, in turn, may have implications
for energy supply and demand. Other areas of potential indirect effects include energy
technology development and choice, energy prices, and energy security.®® The following
discussion illustrates this concept using agricultural and tourism energy needs in the SE as
examples.

For any crop there is an optimum range of environmental conditions relative to maximum yield.
Most crops cultivated in the SE are at, or near, their optimal growing temperatures for the CO,
and water conditions that currently prevail. A rise in temperature and CO, concentration in the
SE is expected to have a direct effect on the agricultural yield and may, consequently, have an
impact on related energy needs.

Specifically, warmer temperatures will speed annual crops through their developmental phases
but at a cost of increased water requirements and lower grain number, size, and quality.®
Increased water requirements result in greater water pumping and transportation needs, all at
a significant energy cost. Periods of drought may necessitate additional irrigation, further
increasing electric pump loads. Overall, the southern tier of the SE is expected to increase its need
for irrigation water whereas the northern tier is expected to decrease its relative need, with
expected increased energy and decreased energy demands, respectively. 82

Similar to crops, the effects of climate change on livestock are likely to be variable, based on
the magnitude of temperature rise, animal feed prices, and the cost of electricity for cooling.
Dairy cows, for example, produce milk at an optimum temperature of between 40°F and 75°F.
Areas with increasing temperatures will consequently pose a cooling issue for livestock
owners.®

Another SE economic sector that has an important link to energy is tourism, a complex and

multifaceted industry that includes a variety of operating sectors such as transportation,
accommodations, food service, attractions and events, and outdoor recreation. Within the 11
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state NCA SE region, tourism spending exceeds $181 billion, including $28.6 billion in tax
receipts, and over two million jobs with a payroll of $48 billion.®*#

The important connection of tourism to energy is illustrated by vacation rentals which, in 2007
in the USA, represented a $24.3 billion market, equaling more than 22% of the USA hotel
market and 8% of the entire travel and tourism market. The vacation rental market is
particularly strong in the south Atlantic region where fully one-third of the nation’s vacation
accommodations were rented in just three states: 22% in Florida, 7% In North Carolina and 5%
in South Carolina.®

Each year, the average energy expenditure on American hotel rooms is $2,196, representing
about 6% of all operating costs.?” This relatively high level of energy consumption, along with
water consumption, waste levels, and the use of potentially hazardous chemicals, has made this
industry a focus of pollution prevention efforts. As such, the availability, type, and cost of
energy, and its associated greenhouse emissions, are important considerations for the climate
change issues and the tourism sector in the SE.

4.3 Key Issues and Uncertainties

The U.S. Climate Change Science Program has articulated a core set of research priorities to
better understand the relationship between energy and climate change.®® In general, the areas
of research articulated at the national level are equally relevant to the SE USA and are briefly
reiterated here.®

e Improved capacities to project climate change and its effects on a relatively fine-grained
geographic scale, especially of precipitation changes and severe weather events;

e Research on and assessments of implications of extreme weather events for energy
system resiliency, including strategies for both reducing and recovering from impacts;

e Research on and assessments of potentials, costs, and limits of adaptation to risks of
adverse effects, for both supply and use infrastructures;

e Research on efficiency of energy use in the context of climate warming, with an
emphasis on technologies and practices that save cooling energy and reduce electrical
peak load;

e Research on and assessments of implications of changing regional patterns of energy
use for regional energy supply institutions and consumers;

e Improvements in the understanding of effects of changing conditions for renewable
energy and fossil energy development and market penetration on regional energy
balances and their relationships with regional economies;

e Attention to linkages and feedbacks among climate change effects, adaptation, and
mitigation; to linkages between effects at different geographic scales; and relationships
between possible energy effects and other possible economic, environmental, and
institutional changes.

e Improving information about interactions among water demands and uses where the
guantity and timing of surface water discharge is affected by climate change;
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Improving the understanding of potential climate change and localized variability on
energy production from wind and solar technologies;

Developing strategies to increase the resilience of coastal and offshore oil and gas
production and distribution systems to extreme weather events;

Pursuing strategies and improved technology potentials for adding resilience to energy
supply systems that may be subject to stress under possible scenarios for climate
change;

Improving understandings of potentials to improve resilience in electricity supply
systems through regional intertie capacities and distributed generation; and
Research on and assessments of the impacts of severe weather events on sub-sea
pipeline systems, especially in the Gulf of Mexico, and strategies for reducing such
impacts.
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! The Southeastern U.S. does not have an official U.S. Census delineation and varies in boundary as expressed by
different entities related to the energy sector (see NREL, EIA, SEEA, NERC, and other organizations as examples).
Sometimes Florida is recognized independently from the rest due to its size. Sometimes, but not always, Virginia
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Arkansas (AR), Florida (FL), Georgia (GA), Kentucky (KY), Louisiana (LA), Mississippi (MS), North Carolina (NC), South
Carolina (SC), Tennessee (TN), Virginia (VA), Puerto Rico, and the U.S. Virgin Islands. Unless otherwise note, the
statistics presented are focused on the 11 continental states.
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Bus Energy Information Administration. Annual Energy Outlook 2011 with Projections to 2035 (DOE/EIA-0383).
Figure 2. April 2011.
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Technology, School of Public Policy. July 2010. http://www.spp.gatech.edu/faculty/workingpapers/wp58.pdf

® Forisk Consulting, Wood Bioenergy U.S. Database, September 2011 edition (available by subscription).

' http://www.pelletsatlas.info/cms/site.aspx?p=9064
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2 University of North Carolina, Chapel-Hill (2010). Quantitative Assessment of Ocean-based Renewable Energy
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