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Figure 1.1  Map of the states in the Southeast region for the US National Climate Assessment. Note 
that the region and report also covers Puerto Rico and the US Virgin Islands.
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1.1 Diversity and Vulnerabilities

-­‐‑

dominate  during  the  spring  and  summer,  tropical  systems  that  are  important  during  
-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑

The  diversity  of  people,  natural  and  managed  ecosystems,  and  resources  of  the  
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natural  resources  and  the  industries  that  depend  on  them.  Thus,  it  is  not  surprising  that  

Table 1.1 Population of the Southeast USA and Puerto Rico in 2000  
               and 2010

State/Territory 2000 2010 Change  (%)

Alabama

9.1

Georgia

Louisiana 1.4

Mississippi 4.3

North  Carolina

South  Carolina 4,012,012

Tennessee

13.0

Puerto  Rico -­‐‑2.2

-­‐‑2.0

Total 67,473,856 76,350,620 13.2
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1.2 Time-scales of Interest to Southeast Decision Makers

-­‐‑

the  science  community  can  provide  useful  information  at  these  shorter  timescales,  as  

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

-­‐‑

signal.  

1.3 Future Scenarios

-­‐‑

-­‐‑
ment  alternatives.  
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adaptation  and  mitigation.  

-­‐‑

1.4 Process for Developing this Book

This  document  has  been  produced  through  collaboration  among  three  Regional  Inte-­‐‑

Figure 1.2  Population projections for the Southeast USA for the A2 (greatest climate change) and B1 
(least climate change) scenarios.
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-­‐‑

-­‐‑

-­‐‑

engagement@usgcrp.gov

1.5 Report Organization

and  outreach.

1.6 References

-­‐‑

-­‐‑

-­‐‑

-­‐‑
-­‐‑

-­‐‑
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Key Findings

  

severe   thunderstorms,   tornadoes,   and   tropical   cyclones.   These   events   have  

  

-­‐‑

  
the  SE,  including  the  Caribbean,  and  increase  across  the  northern  tier  through  

degree  days,  the  number  of  consecutive  hot  days,  and  interannual  temperature  
variability  are  projected  through  the  end  of  the  21st  century.

   There   is   much   uncertainty   regarding   future   projections   of   drought,   severe  

cyclones  is  projected  to  decrease  through  the  end  of  the  21st  century.  Mean  rela-­‐‑

2.1 General Description

topography  of  the  region  is  diverse.  In  the  southern  and  eastern  portions  of  the  region,  
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-­‐‑

-­‐‑

region  for  relocation  and  tourism.

-­‐‑

-­‐‑

-­‐‑

Figure 2.1   Map of average daily January minimum temperature. Source: Parameter-elevation 
Regressions on Independent Slopes Model, or PRISM; http://www.prism.oregonstate.edu/.
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-­‐‑

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  

Figure 2.2   Map of average daily July maximum temperature. Source: Parameter-elevation 
Regressions on Independent Slopes Model, or PRISM; http://www.prism.oregonstate.edu/.
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-­‐‑

-­‐‑

across  the  Caribbean  due  to  its  tropical  climate.  In  Puerto  Rico,  these  variations  relate  to  

-­‐‑

Figure 2.3   Map of annual average precipitation. Source: Parameter-elevation Regressions on 
Independent Slopes Model, or PRISM; http://www.prism.oregonstate.edu/.
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-­‐‑

Figure 2.4   Annual average snowfall from 1981 to 2010. Source: Global Historical Climatology 
Network, or GHCN; http://www.ncdc.noaa.gov/oa/climate/ghcn-daily/.
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-­‐‑

-­‐‑
-­‐‑

totals  across  the  Caribbean  in  the  summer  and  fall  seasons.  

2.2 Extreme Events

-­‐‑

Heavy Rainfall and Floods

have  enormous  impacts  on  property  and  human  life.  These  events  result  from  a  variety  

-­‐‑

-­‐‑

-­‐‑
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Droughts

-­‐‑
-­‐‑

-­‐‑
-­‐‑

-­‐‑

Extreme Heat and Cold

-­‐‑

-­‐‑

-­‐‑
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climate-­‐‑related  conditions.  In  the  early  summer  

something  unusual,  the  simultaneous  occurrence  

  

Las  Niñas  tend  to  dry  out  the  Gulf  Coast  region  

-­‐‑
-­‐‑

sippi,  leaving  them  high  and  dry  and  producing  

Louisiana.

Box 2.1

Extreme Drought amongst a Record Flood

On May 14, 2011, the US Army Corps of Engineers opened the first gate on the Morganza Floodway in 
Louisiana to relieve flooding on the Mississippi River. Source: US Army Corps of Engineers; http://www.flickr.
com/photos/30539067@N04/5722952407).
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Winter Storms

-­‐‑
-­‐‑

-­‐‑

-­‐‑

December  2002  produced  more  than  1  in  of  ice  accretion  across  parts  of  the  Carolinas.  

Severe Thunderstorms and Tornadoes

-­‐‑
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Tropical Cyclones

-­‐‑

-­‐‑

2.3 Trends 

This  section  provides  analyses  of  climatic  trends  for  the  SE  region.  These  include  trends  

-­‐‑
treme  events,  sea  level  rise,  and  Atlantic  sea  surface  temperatures.

Precipitation

No  long-­‐‑term  trends  are  revealed  in  the  time  series  of  annual  or  summer  season  pre-­‐‑

-­‐‑
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to  the  creation  of  this  dataset,  such  information  

storm  surge  levels.  

surge  activity,  in  terms  of  both  surge  magnitudes  
-­‐‑

to  the  Everglades,  has  generally  observed  less  

the  largest  surges  have  generally  occurred  in  

large  surges  have  also  impacted  the  Mid-­‐‑Atlantic  

The  complete  dataset  and  map  are  hosted  by  

surge.srcc.lsu.edu.  Points  on  the  map  are  interac-­‐‑

and  obtain  information  about  that  surge  event.  
These  data  are  supported  by  robust  metadata  

-­‐‑

compares  active  and  historic  cyclones,  incorpo-­‐‑
rating  historic  surge  observations  into  a  discus-­‐‑
sion  about  surge  potential  in  an  active  cyclone.  
Such  discourse  brings  storm  surge  history  to  life,  
potentially  enhancing  surge  forecasts,  hurricane  

Box 2.2

Gulf Coast Storm Surge Database

This map depicts 195 peak storm surges along the U.S. Gulf Coast since 1880. Each circle represents a 
unique storm surge event. Larger, darker circles depict higher magnitude storm surge levels. Source: 
Hal Needham and Barry Keim, Louisiana State University
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-­‐‑

-­‐‑

-­‐‑

-­‐‑

Figure 2.5   Annual (black/dotted line) and summer season (red/grey) precipitation anomalies for the 
SE. Source: Cooperative Observer data from the National Climatic Data Center.
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-­‐‑

The  severity  of  recent  droughts  across  the  southeastern  region  raises  the  possibility  

prominent  20th  and  early  21st  century  droughts  are  not  unusual  in  the  longer-­‐‑term  con-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑

Heavy Rainfall and Floods 

-­‐‑
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Temperature

-­‐‑

is  also  related  at  least  partially  to  increasing  daily  minimum  temperatures  due  to  hu-­‐‑

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/grey line) and 5-day, 1 in 
5 year events (black/dashed line). Source: Cooperative observer data from the National Climatic Data 
Center and updated from Kunkel et al. (2003).
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-­‐‑

Extreme Heat and Cold

-­‐‑

Figure 2.7   Annual (black/dotted line) and summer season (red/grey) temperature anomalies for the 
SE. Source: Cooperative observer data from the National Climatic Data Center.
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increasing  across  most  of  the  SE  region.  This  increase  is  most  pronounced  over  the  past  
-­‐‑

-­‐‑
ally  been  declining  across  most  locations  in  the  SE,  though  there  is  much  decadal  and  

-­‐‑
ning  in  the  19th  century  have  gradually  forced  the  citrus  industry  and  other  industries,  

and  converted  to  agricultural  land,  reducing  the  moisture  in  the  atmosphere  above  

Winter Storms

-­‐‑
-­‐‑

change  since  the  middle  of  the  20th  century  but  more  interdecadal  variability  relative  

Severe Thunderstorms and Tornadoes 

much-­‐‑improved  ability  to  identify  and  record  storm  damage.  In  the  case  of  tornadoes,  

-­‐‑
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increased  in  tornado-­‐‑prone  areas.

Hurricanes

-­‐‑

in  the  number  of  short-­‐‑lived  storms  detected  since  the  introduction  of  satellites  that  

-­‐‑

increasing  trends  in  ACE  and  major  Atlantic  basin  hurricanes  to  anthropogenic  global  
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an  overall  declining  trend  into  the  mid-­‐‑20th  century.  This  result  is  also  supported  by  

to  the  early  1990s.

Sea Level Rise and Sea Surface Temperatures

-­‐‑

records  indicate  variations  in  global  sea  level  of  as  much  as  100  meters  that  correspond  

-­‐‑
less,  higher  mean  sea  levels  threaten  the  security  of  critical  infrastructure  and  coastal  

Trends  in  SSTs  during  the  20th  century  reveal  a  cooling  over  the  North  Atlantic  near  
-­‐‑

2.4 Future Projections

This  section  provides  a  summary  of  future  climate  projections  for  the  southeastern  
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-­‐‑
-­‐‑

uncertainty  and  agreement.  

Precipitation

-­‐‑
narios  from  the  IPCC  AR4  reveal  both  increases  and  decreases  in  precipitation  across  
the  SE  by  the  mid-­‐‑21st  century.  Average  annual  precipitation  is  projected  to  decrease  

-­‐‑

the  SE  that  are  smaller  than  typical  year-­‐‑to-­‐‑year  variations  seen  in  the  observed  record  

-­‐‑

-­‐‑

period,  indicating  much  uncertainty  in  precipitation  projections  by  the  end  of  the  21st  

most  of  the  region  by  the  mid-­‐‑21st  century,  particularly  along  the  southern  Appala-­‐‑

-­‐‑

projected  increases  in  atmospheric  stability  and  decreases  in  convection.  These  trends  
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observed  and  simulated  mean  decadal  average  precipitation  changes  for  the  SE  from  

Figure 2.8   Annual and seasonal difference in precipitation (percent) between projections for 2041–
2070 and the baseline of 1971–2000. Source: North American Regional Climate Change Assessment 
Program (NARCCAP).
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-­‐‑
-­‐‑

-­‐‑

2.10,  the  observed  trends  and  variations  in  decadal  average  precipitation  are  small  and  

the  21st  century  indicate  increased  decadal  variability  in  precipitation  compared  to  the  
-­‐‑

21st  century  portions  of  the  time  series  indicate  an  overall  increase  in  precipitation  in  

Figure 2.9   Mean change in annual number of days with precipitation exceeding 1 inch (projections 
for 2041–2070 minus the baseline of 1971–2000). Source: North American Regional Climate Change 
Assessment Program (NARCCAP).
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Temperature

Mean  annual  temperatures  are  projected  to  increase  across  the  SE  through  the  21st  

-­‐‑
ability  than  the  mean  annual  temperature  change.  It  is  important  to  note  that  the  range  
of  temperatures  across  the  model  simulations  is  large,  particularly  through  the  middle  

-­‐‑

-­‐‑

-­‐‑

Figure 2.10   Observed decadal mean 
annual precipitation change (percent 
change from the 1901 to 2000 average) 
for the southeastern US (black lines) and 
the 20th and 21st century simulations 
from 15 CMIP3 models for the high (A2) 
emissions scenario (gray lines). Source: 
Kunkel et al. (2013), Figure 45.
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-­‐‑

Figure 2.11   Annual and seasonal difference in temperature (°F) (projections for 2041–2070 minus 
the baseline of 1971–2000). Source: North American Regional Climate Change Assessment Program 
(NARCCAP).
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-­‐‑

Projections  of  mean  annual  and  seasonal  temperature  variability  across  the  SE  

-­‐‑
ture.  Secular  changes  in  the  temperature  variability  are  calculated  as  a  percent  change  

Figure 2.12   Mean change in annual number of days with a maximum temperature exceeding 95°F 
(projections for 2041–2070 and baseline of 1980–2000). Areas with hatching indicate more than 
50% of the models show a statistically significant change in the number of days with a maximum 
temperature exceeding 95°F, and more than 67% of the models agree on the sign of the change 
(see Kunkel et al. 2013). Source: North American Regional Climate Change Assessment Program 
(NARCCAP).
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The  models  reveal  a  trend  of  increasing  annual  variability  of  temperature  across  all  
-­‐‑

-­‐‑
ability  of  24%  by  the  end  of  the  21st  century.

-­‐‑

Figure 2.13   Mean change in annual number of days with minimum temperatures below 10°F 
(projections for 2041–2070 and baseline of 1980–2000). Areas with hatching indicate more than 
50% of the models show a statistically significant change in the number of days with a maximum 
temperature exceeding 95°F, and more than 67% of the models agree on the sign of the change 
(see Kunkel et al. 2013). Source: North American Regional Climate Change Assessment Program 
(NARCCAP).
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-­‐‑

Droughts

there  is  much  uncertainty  because  of  variations  in  the  projections  of  future  precipita-­‐‑

Severe Thunderstorms and Tornadoes

-­‐‑

is  projected  to  increase  throughout  the  21st  century,  thereby  providing  additional  

Figure 2.14   Observed decadal mean 
annual temperature change (percent change 
from the 1901 to 2000 average) for the 
southeastern USA (black lines) and the 20th 
and 21st century simulations from 15 CMIP3 
models for the high (A2) emissions scenario 
(gray lines). Kunkel et al. (2013), Figure 43.
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Hurricanes

-­‐‑

-­‐‑

Sea Level Rise and Sea Surface Temperatures

vulnerable  to  sea  level  rise.  As  the  sea  level  rises,  storm  surge  and  coastal  erosion  from  

report  on  sea  level  rise  describes  several  global  scenarios  that  project  a  mean  rise  of  

-­‐‑

-­‐‑
-­‐‑

-­‐‑

-­‐‑
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model  errors  and  biases  in  the  IPCC  AR4  projections,  for  instance,  a  cold  bias  in  sea  

Air Quality

such  as  increased  temperatures,  increased  solar  radiation,  reduced  precipitation,  in-­‐‑

by  changes  in  atmospheric  conditions.

2.5 References

-­‐‑

-­‐‑

of  the  Gulf  Coast  and  Caribbean.  Climatic  Change

-­‐‑

-­‐‑

Caribbean  from  a  regional  climate  model.  

Carolinas.  
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-­‐‑

hurricanes.  

-­‐‑

Change

trends  revisited.  
-­‐‑

-­‐‑

States.  
-­‐‑

Change  
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-­‐‑

-­‐‑

drought  and  relation  to  the  North  Atlantic  high  circulation.   -­‐‑

model  and  climate  indices.  

-­‐‑
tions.  

-­‐‑

-­‐‑

-­‐‑

.  Ed.  S.  Solomon,  D.  

Climatic  Change  

-­‐‑

-­‐‑
lution  spatial  dataset.  

under  global  climate  change  scenarios.  
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and  multidecadal  variability.  

-­‐‑

landfalls.  

  114,  D23102.

A.K.  Srivastava,  M.  Sugi.  2010.  Tropical  cyclones  and  climate  change.     3  

  

-­‐‑
peratures  and  precipitation  over  land  and  oceans.  

-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑

Atlantic  tropical  cyclone  counts.

Atlantic  hurricanes.  
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-­‐‑
cillation  control  of  climate  in  Puerto  Rico.  

North  America  simulated  by  a  global  climate  model.  
-­‐‑

-­‐‑

-­‐‑

  

-­‐‑

-­‐‑
mates  from  tide  gauges  and  altimeters.  In  
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-­‐‑

  31,  

-­‐‑

the  margins  of  the  Greenland  and  Antarctic  ice  sheets.  

-­‐‑
clones.  

the  drying  of  Meso-­‐‑America  in  future  climate  projections.  
-­‐‑

tion  models.  

variability  over  the  last  millennium,  and  the  potential  for  future  hydroclimate  change.   -­‐‑
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-­‐‑

Climatic  Change

North  America.  

North  America  since  A.D.  1300.  Climatic  Change
-­‐‑
-­‐‑

-­‐‑
land  ice  sheet.  In  State  of  the  Climate  in  2011.     93  

North  Atlantic.  

-­‐‑
genically  enhanced  global  radiative  forcing.     104  

-­‐‑

-­‐‑

-­‐‑
-­‐‑

Puerto  Rican  speleothem.  
-­‐‑

sity.  
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-­‐‑

other  areas,  such  as  mental  health  and  food  security  may  also  occur,  but  more  research  

Key Findings

  

  

  

   Sea-­‐‑level   rise   could   impact   human   health   by   increasing   storm   surges   and  
disrupting  infrastructure  and  ecosystems.

   -­‐‑

  

3.1 Climate Change and Human Health

-­‐‑
-­‐‑

-­‐‑

the  assessment  of  climate-­‐‑related  health  issues  in  the  region.

events  through  improved  monitoring,  prediction,  education,  communication,  engage-­‐‑

-­‐‑
mation  into  a  form  that  is  useful  for  public  health  can  also  help  in  managing  and  reduc-­‐‑
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3.2 Heat and Cold

As  a  result  of  global  climate  change,  global  mean  temperatures  have  been  rising  and  

through  the  end  of  this  century.  Summer  temperatures  alone  could  rise  by  as  much  as  

-­‐‑

-­‐‑

negative  impact  on  human  health.
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  
-­‐‑
-­‐‑
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on  the  public  health  system.  Improving  education  and  communication,  particularly  
-­‐‑

collaboration  and  connect  climate  data  to  health  data.  Moreover,  designing  and  uti-­‐‑

heat-­‐‑related  threats.  
-­‐‑

-­‐‑

the  optimal  temperature  range  for  major  crops  including  corn,  peanuts,  soy,  rice,  and  

cold  temperatures  is  much  less  pronounced  than  the  response  to  high  temperatures,  
-­‐‑

3.3 Air Quality Effects on Respiratory and Airway Diseases 

higher  temperatures  leading  to  higher  fossil  fuel  consumption.  In  turn,  atmospheric  
-­‐‑

PM -­‐‑
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-­‐‑

-­‐‑

There  is  less  consensus  in  the  estimated  PM   concentration  trends  in  the  SE.  A  small  
3  has  been  reported  in  one  study,  as  increased  future  emissions  un-­‐‑

-­‐‑
crease  of  PM

  by  as  

PM 3

-­‐‑

-­‐‑

-­‐‑

that  the  incidence  of  allergies  and  other  respiratory  illnesses  related  to  airborne  pollens  

3.4 Storms, Extreme Weather, and Sea Level Rise
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-­‐‑

North  Carolina,  and  Georgia  are  projected  to  have  some  of  the  largest  numbers  of  older  

-­‐‑
-­‐‑

tential  of  tropical  cyclones  in  the  North  Atlantic  basin,  based  on  longer  storm  lifetimes  

-­‐‑

also  impeded  transportation  and  prevented  many  people  from  obtaining  emergency  

-­‐‑
-­‐‑

-­‐‑

-­‐‑

level  rise  have  the  potential  to  protect  public  health  by  supporting  emergency  response  

3.5 Harmful Algal Blooms and Marine Toxins

-­‐‑
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-­‐‑

-­‐‑

-­‐‑

Table 3.1 Summary of Potential Climate Impacts on Marine Toxins in  
               the Southeast.

Organism Location Trend Citation(s)

-­‐‑

in  the  1990s
Moving  up  the  Eastern  

-­‐‑
ance  in  Mississippi  and  
Louisiana

Tester  et  al.  1991,  

Campbell  et  al.  2010  

from  the  mid-­‐‑1990s
Landsberg  et  al.  

South  Carolina,  

observed
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-­‐‑

-­‐‑

  
and  some  related  species.   -­‐‑

humans.  During  a  bloom,  hospital  admissions  for  respiratory  illness  increase,  and  asth-­‐‑

byproduct  of  red  tide  is  changes  in  tourism  plans  that  can  lead  to  millions  of  dollars  in  

to  humans.   is  a  cyanobacterium  of  subtropical  origin  that  

-­‐‑

  blooms.  

of  tropical  

temperatures  favors  development  of   spp.  
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these  storms  have  contributed  to  the  spread  or  relocation  of  blooms  in  the  past  and  it  is  

3.6 Vector-borne and Zoonotic Disease

include  malaria,  vectored  by   sp.   -­‐‑
nya,  and  dengue  fever  vectored  by     and  

screens  help  interrupt  transmission  by  separating  the  vectors  from  susceptible  hosts.  
-­‐‑

-­‐‑

-­‐‑

susceptible  vertebrate  hosts  to  propagate  the  disease  transmission  cycle.  Regardless  

-­‐‑

these  diseases  in  the  region.
The  greatest  climate  change  related  vector-­‐‑borne  disease  concerns  are  associated  

.  The  hu-­‐‑

high  host  densities.  As  energy  prices  increase,  the  cost  of  running  air-­‐‑conditioning  may  
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addition,  climate  change  is  predicted  to  increase  the  severity  of  tropical  storms  and  hur-­‐‑

and  susceptible  human  hosts,  and  it  is  possible  that  any  climate-­‐‑associated  ecological  

3.7 Water Quality and Quantity

-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑
sion,  or  virulence.  Changing  climate  or  environments  could  alter  or  facilitate  transmis-­‐‑

-­‐‑

-­‐‑

ranges  of  certain  disease  and  pathogens  related  to  moderate  changes  in  temperature,  
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-­‐‑

serovars  continue  to  be  

of  
-­‐‑

infections  
that  are  currently  driving  regional  and  national  trends  in  increasing  disease  incidence  

Naturally  occurring  pathogens,  including  the  marine  bacteria   spp are  

  

,   ,   .   spp.  are  
-­‐‑

illnesses  are  common  in  the  coastal  
arise  

Pathogenic   spp.
o -­‐‑

states  and  southeastern  Atlantic  states  include  a  greater  overall  diversity  of     spp.  
infections  as-­‐‑

-­‐‑

temperature  is  greater  than  20o

than  20o ill-­‐‑
spp.  infections  have  

-­‐‑

-­‐‑
-­‐‑
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spp.   spp.,     spp.,   spp.,  and  a  range  of  enteric  viruses,  
such  as  noroviruses,  hepatitis  A  viruses,  and  enteric  viruses.  

-­‐‑

-­‐‑

-­‐‑
ly  higher  levels  of  fecal  contamination  that  are  measured  using  fecal  coliform  bacteria  

-­‐‑

for   spp.  
spp.  infection  increased  

3.8 Human Migration and Displacement and Healthcare 
Disruption 

-­‐‑

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  
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-­‐‑

-­‐‑

3.9 References 

  concentrations  to  global  changes.  

health  response.  

Figure 3.1   Disaster diaspora populations from Mississippi by evacuation location.
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-­‐‑

-­‐‑

Key Findings

  
energy  as  a  region  and  per  person  than  any  other  NCA  region.  

  

average.  
  

  

and  energy  distribution  infrastructure.  
   An   improved  ability   to  project  climate  change  and   its   impacts  at  a  more   local  

enhanced  strategies  to  improve  the  resiliency  of  energy  supply  systems  are  just  a  

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

-­‐‑

presented  are  focused  on  the  11  continental  states.  In  2010,  states  in  the  SE  produced  

-­‐‑
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Existing Energy Resources in the Southeast

The  SE  is  home  to  large  and  varied,  though  unevenly  concentrated,  energy  resource  

-­‐‑

-­‐‑

and  the  number  of  projects  needed  to  reach  generation  goals.

Coal.  

Oil  and  Natural  Gas.  

-­‐‑

Biomass.  

-­‐‑
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Figure 4.1   Natural gas production, 1990 to 2005, (trillion cubic feet). Source: EIA, Energy Annual Outlook 
2012 Early Release

Figure 4.2   Natural gas pipelines. Source: Energy Information Administration, Office of Oil & Gas, Natural 
Gas Division, Gas Transfortation nformation System.
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Nuclear.  

-­‐‑

Hydro  and  Marine  Hydrokinetic.  

   -­‐‑

-­‐‑

microscale  hydroelectric  systems.
-­‐‑

Solar.  Solar  resources  in  the  11  states  of  the  SE  are  not  as  robust  as  those  found  in  the  
-­‐‑

2

Wind.  

Geothermal.  

-­‐‑

-­‐‑
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Landscape of Energy Production, Delivery, and Use in the Southeast 

Electricity  Production.  
-­‐‑

Louisiana  is  an  important  state  for  both  the  pro-­‐‑

is  the  only  port  in  the  country  capable  of  accom-­‐‑
-­‐‑

  

import  terminal  at  Sabine  is  the  largest  of  nine  

Case Study: Louisiana
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The  SE  has  a  balanced  portfolio  of  resources  from  an  operational  perspective.  Tra-­‐‑

-­‐‑
-­‐‑

Table 4.1 Southeastern States Generation Capacity (2009).

Fuel GW Percent

Coal 94 31.3

Petroleum 19

Natural  Gas 122

Nuclear 12.1

19

Pumped  Storage 9 3.1

Total 300  GW 100%
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-­‐‑

-­‐‑

recent  study  estimated  available  resources  for  electricity  production  on  the  island  of  

-­‐‑

Electrical  Transmission  System.  
interconnected  throughout  the  Eastern  Interconnection.  The  Eastern  Interconnection  

Figure 4.3   Comparison of regional thermoelectric generation capacity by North American Electric 
Reliability Council Region, 1995-2025.
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-­‐‑

-­‐‑

-­‐‑

the  national  transmission  infrastructure  in  certain  locations  due  to  the  geographically-­‐‑

-­‐‑
-­‐‑

-­‐‑

Table 4.2 Estimated Renewable Energy Potential for Electricity Production in Puerto Rico.

Renewable  Resource/  
Technology*

Electric  Energy  Production  Estimate  MWh/year  if  
10%  of  Resource  is  Used  to  Produce  Electricity

Percent  of  the  2006  Electric  
Energy  Demand**

14.4

3,900,000

~90,000 0.4

0.01

*  

**     



Energy Production, Use, and Vulnerability to Climate Change in the Southeast USA               71

Electricity  Assets  in  the  Southeast.  

-­‐‑

-­‐‑

Figure 4.4   Regions for North American Reliability Corporations.
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-­‐‑

solar  panels  have  an  annual  estimated  generation  

serve  about  3,000  homes.

from  the  road  every  year  for  the  entire  life  of  the  
project.

The  project  is  also  estimated  to  decrease  

Case Study: DeSoto Next Generation Solar Energy Center
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Energy  Use  in  the  Southeast.  

consumption,  Louisiana  is  substantially  higher  than  other  southeastern  states.  Resi-­‐‑

-­‐‑

that  among  residential  users,  the  per  capita  consumption  of  energy  in  the  SE  has  risen  

Figure 4.5   Energy consumption by National Climate Assessment (NCA) region.
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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  

as  the  potential  impacts  on  electricity  generating  capacity  and  energy  distribution  

  

on  energy  supply  institutions.  In  general,  the  changes  imply  increased  de-­‐‑

Figure 4.6   Energy consumption by state in the Southeast.
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   -­‐‑

-­‐‑

  The  research  evidence  
-­‐‑

management  in  the  investment  behavior  of  some  energy  institutions,  and  it  is  

energy  resource  and  technology  choices.  In  addition,  climate  change  can  be  
-­‐‑

Figure 4.7   Per capita energy use by National Climate Assessment (NCA) region.
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issues  is  limited,  including  at  the  regional  level,  although  there  is  a  broad  con-­‐‑

chapter  2  of  this  report  provides  additional  detail  about  historical  climate  trends  in  the  

Climate Impacts on Energy Demand 

-­‐‑

Table 4.3 Energy Consumption Estimates for Petroleum Energy Sources in Physical  
               Units, 2009.

                                        MILLION  BARRELS

Distillate  
Fuel  Oil Jet  Fuela LPGb Motor  

Gasolinec
Residual  
Fuel  Oil Otherd Total

                                                                                              PETROLEUM                                                                                                                                     FUEL    
                                                                                                                                    ETHANOLe

Alabama 24.4 0.9

22 2.9 0.1 4.1

13

0.1 4.9

Louisiana 3.1

Mississippi 19.9 4.9 3.4 9.4 2

North  Carolina 31.3 1.9 12.2 11.1 9

South  Carolina 19 1.1 2.9

Tennessee 11.2 3.3

34.3 3

Southeast 321.1 112.7 111.8 903.1 48 223.1 1720 71.8

1325.3 508.5 748.7 3283.7 186.6 798.7 6851.6 262.8

Southeast    
as  a  %  of    
U.S.  Total

24 22 15 28 26 28 25 27

a

b

c

d

e    Includes  denaturant
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-­‐‑
-­‐‑

changes  may  not  be  large,  they  may  contribute  to  increases  in  regional  energy  demands.
Climate-­‐‑related  demographic  shifts  are  another  consideration  for  energy  needs  in  

-­‐‑

Figure 4.8   Annual vehicle miles traveled (VMT) by National Climate Assessment (NCA) region (millions). 
Source: Federal Highway Administration, 2009 Highway Statistics Series.
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Figure 4.9   (a) The nine US Census divisions and projected cumulative (2003-2025) changes in 
primary heating energy, cooling energy, and net changes, as departures from the reference case, for 
(b) the low T (change in temperature) scenario and (c) the high T (change in temperature) scenario. 
The Census divisions are: (1) New England; (2) Middle Atlantic; (3) East North Central; (4) West North 
Central; (5) South Atlantic; (6) East South Central; (7) West South Central; (8) Mountain; and (9) Pacific 
contiguous, Alaska and Hawaii, Pacific noncontiguous. (Note: read energy graphs b and c in the order 
of key—first bar is cooling, second bar is heating, and third bar is net change—for each region.) ©2006 
American Geophysical Union; reproduced by permission of the American Geophysical Union.
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Climate Impacts on Energy Production and Distribution 

Critical  SE  regional  infrastructure,  such  as  energy,  transportation,  and  hospitals,  al-­‐‑

temperatures,  and  tornados.  Damage  to  these  assets  can  disrupt  services  from  days  to  
months.  

-­‐‑

-­‐‑

locations.

To  put  these  numbers  into  a  national  perspec-­‐‑

production  could  not  be  rapidly  replaced  by  imports  since  major  oil  import  terminals  

-­‐‑

conditions  in  order  to  maintain  the  plant  dis-­‐‑

-­‐‑

during  high  river  temperatures.  

Case Study: Browns Ferry Nuclear Plant
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-­‐‑
larly  during  summer  months,  that  cause  electricity  demands  to  rise  over  periods  that  

-­‐‑

  

Indirect Effects of Climate Change on Energy Production and Use: Possible 
Cascading Impacts

Climate  change  may  have  important  indirect  implications  for  energy  supply  and  use.  
-­‐‑

-­‐‑

.  
All  agricultural  crops  have  an  optimum  range  of  environmental  conditions  rela-­‐‑

2

2

Figure 4.10   Time history of offshore oil and gas production in the Gulf of Mexico following Hurricane 
Katrina and Hurricane Rita. Katrina made landfall on day 1 and Rita on about day 28.
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irrigation  pumps.  
-­‐‑
-­‐‑
-­‐‑

energy  cost.  Periods  of  drought  may  necessitate  additional  irrigation  further  increasing  
electric  and  diesel  pump  loads.  

based  on  the  magnitude  of  the  temperature  increase,  animal  feed  prices,  and  the  cost  
-­‐‑

    
The  important  connection  of  tourism  to  energy  is  illustrated  by  vacation  rentals  

-­‐‑

greenhouse  emissions,  are  important  considerations  for  climate  change  issues  and  the  
tourism  sector  in  the  SE.  

4.3 Key Issues and Uncertainties

use,  and  enhanced  strategies  to  improve  the  resiliency  of  energy  supply  systems  are  
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4.4 References

-­‐‑
echange.pdf  

-­‐‑

  variability  and  change  for  the  southeastern  
-­‐‑

-­‐‑

-­‐‑
tAnnouncementsSumm.pdf  

2035

-­‐‑

-­‐‑

  



Energy Production, Use, and Vulnerability to Climate Change in the Southeast USA               83

-­‐‑

-­‐‑

Energy  Star  Program.  2011.   .  
-­‐‑

-­‐‑

-­‐‑

-­‐‑

,  Septem-­‐‑

-­‐‑

-­‐‑

  



84 CLIMATE OF THE SOUTHEAST UNITED STATES

-­‐‑

-­‐‑

-­‐‑

Long,  P.  and  A.  Naar.  2011.   .  Center  
-­‐‑

-­‐‑

-­‐‑

-­‐‑

Energy.  

  

-­‐‑

-­‐‑

  

-­‐‑

ment

2011.
Nuclear  Energy  Institute.  2011.  

  and   -­‐‑
  



Energy Production, Use, and Vulnerability to Climate Change in the Southeast USA               85

-­‐‑

-­‐‑

.  

Southern  Company.  2012.  

-­‐‑

-­‐‑

-­‐‑

-­‐‑



86

Chapter 5 

Climate Interactions with the Built 
Environment in the Southeast USA

LEAD AUTHOR

Dale Quattrochi (dale.quattrochi@nasa.gov; NASA, Earth Science Office, Marshall 

Space Flight Center, Huntsville, Alabama) 

CONTRIBUTING AUTHORS

Kirstin Dow (Carolinas Integrated Sciences and Assessments; Department of 
Geography, University of South Carolina, Columbia, South Carolina) 

Jeff Gaffney (Chair, Department of Chemistry, University of Arkansas at Little Rock, 
Little Rock, Arkansas)

Pat Long (Director, Center for Sustainable Tourism, East Carolina University, 
Greenville, North Carolina)

Steve McNulty (US Forest Service, Raleigh, North Carolina)

Marshall Shepherd (Department of Geography, University of Georgia, Athens, 
Georgia)

Scott Shuford (Development Services Department, City of Fayetteville, North 
Carolina) 

Brian Stone (School of City and Regional Planning, Georgia Institute of Technology, 

Atlanta, Georgia)



Climate Interactions with the Built Environment in the Southeast USA               87

-­‐‑

-­‐‑

Key Findings

  

migration,   the   coastal   environment,   and   even   have   implications   on   national  
security.  

   Development  of  adaptation  plans  to  maintain  built  environment  infrastructure  

and  to  ensure  built  environment  sustainability.  
   -­‐‑

-­‐‑
able  and  resilient.

  

5.1 Background

transformed  or  imprinted  non-­‐‑natural  features  across  the  landscape.  The  impact  of  

that  singly  could  be  minor,  but  together  could  have  a  synergistic  set  of  impacts  that  are  
-­‐‑

have  a  collective  impact  on  the  overall  urban  ecosystems  for  cities  in  the  region.  An  
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-­‐‑
-­‐‑

change  may  impact  the  built  environment  via  alteration  of  inputs  and  outputs  to  the  

throughout  the  various  chapters  in  this  report.  Moreover,  a  forthcoming  National  Cli-­‐‑
-­‐‑

This  section  of  the  technical  report  focuses  on  the  potential  impacts  that  a  changing  
-­‐‑
-­‐‑
-­‐‑

-­‐‑
ods  for  adapting  to,  or  mitigating,  these  impacts.  Establishment  of  publically  accessible  

-­‐‑
-­‐‑

governmental  entitites,  and  the  interested  general  public.  This  information  must  also  be  

print  and  broadcast  media.  Additionally,  there  is  an  emerging  industry  of  communica-­‐‑

use  relational  databases  similar  to  climate  indicators  that  could  be  used  to  reach  broad  

-­‐‑
ical  parameters  that  govern  the  land-­‐‑atmosphere  interface  over  urban  areas.  In  turn,  
this  may  have  broader  impacts  on  atmospheric  phenomena  and  regional  interactions  
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-­‐‑

-­‐‑

changes  in  precipitation,  including  increases  or  decreases  in  amount  or  intensity.

focused  on  the  Atlanta,  GA,  metropolitan  area  only  because  several  contributors  to  this  
-­‐‑

-­‐‑

,  and  Climate  Change  and  

5.2 Air Quality

-­‐‑

-­‐‑

-­‐‑

3
-­‐‑

3 3  levels  

several  months.

pollution.     are  referred  
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Studies  il-­‐‑

environments  by   0.1-­‐‑1  µμg  m-­‐‑3

5.3 The Urban Heat Island Effect

-­‐‑

-­‐‑

-­‐‑

Figure 5.1   Ozone formation in the urban atmosphere (Quattrochi et al. 2006).
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to  the  land  and  atmosphere  interactions  that  occur  over  cities.  These  include  surface  
geometry,  surface  thermal  properties,  surface  conditions,  anthropogenic  heat,  and  the  

-­‐‑

-­‐‑

-­‐‑

due  primarily  to  increased  heat  trapped  in  the  land-­‐‑atmosphere  boundary  layer  by  

of  gases  are  a  function  of  increased  energy  use,  such  as  air  conditioning  and  motor  
-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑
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combinations  of  tree  planting  and  vegetative  cover,  albedo  enhancement,  and  reduc-­‐‑

-­‐‑

-­‐‑

-­‐‑

direct  cooling  of  the  ambient  air  through  vegetation  and  albedo  enhancement  carries  

-­‐‑
tion  by  as  much  as  10%,  suggesting  the  potential  for  emission  reductions  and  surface  

5.4 Effects on Precipitation

literature  is  fairly  conclusive  on  urban  land  cover  and  pollution  altering  components  of  
-­‐‑

discussed  in  Ashley  et  al.  2012,  Shepherd  et  al.  2011,  Niyogi  et  al.  2011,  Shepherd  et  al.  

-­‐‑

high-­‐‑resolution  radar  to  study  precipitation  in  the  cities  and  adjacent  control  regions  
-­‐‑

of  aerosols  in  the  precipitation  processes.  Aerosols  may  enhance  or  suppress  convec-­‐‑
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-­‐‑
-­‐‑

-­‐‑

-­‐‑
lems  in  climatology,  meteorology,  and  hydrology.  Precipitation  issues  in  a  built,  urban  

Figure 5.2   Composite radar analysis for Atlanta, GA: (a) The total number of days  40 dBZ and (b) 
the total number of 5-minute occurrences  40 dBZ for each 2-km grid cell versus distance from city 
center in the Atlanta domain for the 10-year, June through August. National Land Cover Database 
urban delineated cells are colored red/grey, whereas nonurban cells are blue/black. (Ashley et al. 
2012).
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-­‐‑

Urban Flooding

-­‐‑

been  noted  in  several  global  regions  including  SE  cities  such  as  Atlanta  and  Nashville.  

-­‐‑

-­‐‑

The  conversion  of  natural  landscapes  to  built,  urban  environments  changes  vari-­‐‑

response  in  Atlanta  in  a  similar  manner  observed  in  other  urban  locations.  Reynolds  et  
-­‐‑

-­‐‑

-­‐‑

-­‐‑
scapes,  population  density,  and  climate  predictions  in  order  for  mitigation  and  adapta-­‐‑
tion  plans  to  be  successful.

-­‐‑
phological  parameters  are  represented  in  such  models  using  various  technologies,  such  
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Figure 5.3   Difference (2025 Current Land Cover) in simulated rainfall amount for a typical case day 
in Houston, Texas. Black outline represents 2025 urban land cover. Rainfall amounts illustrated in the 
image correspond to the bar graph on the right hand side of the figure (Shepherd et al. 2010a).

Figure 5.4   Trends in the extreme precipitation index for the southeastern USA. Red dotted line is 1 
day, 1 in 5-year event. Blue line is 5-day, 1 in 5-year event Kunkel et al. 2013).
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as  remote  sensing,  aerial  photography,  high-­‐‑resolution  optical  imagery,  and  LIDAR.  

uncertainties  related  to  input  precipitation  data,  calibration  errors,  assumptions  and  

-­‐‑

5.5 Effects on the Wild Land-Urban Interface (WUI)

-­‐‑
tation  and  mitigation  strategies,  but  the  implementation  of  these  plans  could  be  sig-­‐‑

-­‐‑
eral  circulation  models  universally  project  increasing  air  temperature  and  increases  or  

-­‐‑

-­‐‑
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-­‐‑

5.6 Vulnerability and Risks to Tourism

-­‐‑
ment,  events,  travel  trade,  tourism  services,  and  adventure  and  outdoor  recreation.  In  

-­‐‑

travelers  paid  a  total  of  $31.3  billion  to  domestic  air  carriers  on  international  passenger  

-­‐‑

-­‐‑

-­‐‑

-­‐‑

tourism  operators  in  many  destinations.  Many  tourism  activities  are  heavily  dependent  
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-­‐‑

Vacation and Second Homes

found  in  coastal  or  mountain  environments  that  are  highly  desirable  places  to  live  and  

  

construction  and  
related  services,  enhanced  retail  trade,  real  estate  services,  and  leisure  and  hospitality  

-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑
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-­‐‑

-­‐‑
search  is  needed  to  investigate  adaptation  and  mitigation  strategies  for  the  tourism  in-­‐‑
dustry.  Research  might  include  developing  databases  for  the  tourism  industry  to  assess  

-­‐‑

5.7 Impacts on Energy, Poverty, and Socioeconomic Vulnerability

-­‐‑

T
-­‐‑

overall  have  means  to  cool  their  home  including  central  and  room  air  conditioning,  and  

-­‐‑
-­‐‑

-­‐‑
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Table 5.1 Households in the Southeastern United States Eligible for Energy Assistance.

1,2

LIHEAP  eligible  households  by  vulnerability  category

Total  number  
of  LIHEAP  
eligible  house-­‐‑
holds  3,4

At  least  one  
person  60+

At  least  one  
child  less  than  
6  years  old

At  Least  one  
person  with  a  
disability  5

LIHEAP  eligible  
households  with  no  
vulnerable  members

Alabama  

Georgia

Louisiana

Mississippi

Missouri 100,394

North  Carolina 1,304,413

South  Carolina

Tennessee     914,211 341,212

SE  states  total

All  States  

31.2%

-­‐‑

1

2   
  

    lines.
3

4  A  household  can  be  counted  under  more  than  one  vulnerability  category.
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5.8 Impacts on National Security

-­‐‑
-­‐‑

security  issues  that  arise  in  a  stressed  climate  system.  These  security  issues  include,  for  
-­‐‑

-­‐‑
tinue  to  monitor  the  implications,  study  climate  changes  carefully,  and  plan  mitigation  
and  adaptation  strategies.  

5.9 Impacts on Urban Migration

to  the  Sunbelt  during  the  past  several  decades  as  many  people,  particularly  retirees,  

cases  migration  may  be  due  to  physical  conditions  such  as  property  inundation  due  to  

plants,  transmission  lines,  pump  stations,  and  other  infrastructure  that  are  located  in  

-­‐‑
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2

-­‐‑

5.10 Impacts on Coastal Environments

-­‐‑

possible  impacts  climate  change  could  have  on  coastal  cities  in  the  region.  These  im-­‐‑

5.11 Summary of Climate Change Impacts on the  
Built Environment

and  regional,  direct  and  indirect  and  could  potentially  range  from  mild  to  severe.  These  
-­‐‑

and  business  infrastructure,  land  use,  and  population.  Moreover,  the  built  environ-­‐‑
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-­‐‑
-­‐‑

cline  in  tourism,  vulnerability  of  energy  supplies,  and  challenges  to  built  infrastructure  

-­‐‑

Such  actions  could  create  opportunities  for  reduced  energy  consumption,  reduced  
-­‐‑

The  discussions  should  embrace  many  aspects  of  the  issues  including  the  long-­‐‑term  

for  implementation
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Key Findings

  

  
  

-­‐‑

engineering  responses  that  might  protect  transportation  infrastructure,  may  increase  

6.1 Evaluation of Southeast Transportation Systems

and  operations  to  provide  mobility  and  access  that  is  safe,  reliable,  and  sustainable.  The  

-­‐‑
ability  challenge  encompasses  the  full  range  of  natural,  built,  and  sociocultural  envi-­‐‑

•  

•  
-­‐‑

•   -­‐‑



Climate Change and Transportation in the Southeast USA               111

-­‐‑

address  interconnectivity  and  vulnerabilities  that  may  lead  to  failures  in  policy  direc-­‐‑
tion  and  cooperative  infrastructure  planning.  To  create  leadership  in  this  regard,  the  
federal  government  created  the  Interagency  Partnership  for  Sustainable  Communities  
to  reinforce  the  importance  of  environmental,  economic,  and  social  sustainability.  In  

transportation,  and  environmental  policies  and  investments  to  increase  transportation  

geographic  regions,  including  those  of  built  and  natural  environments.  It  is  at  the  local  

An  important  component  to  a  sustainable  transportation  is  economic  competitive-­‐‑

shipped  into,  out  of,  or  through  the  Southeast.  In  general,  shipping  costs  range  from  $2  

-­‐‑

6.2 Climate Change and Transportation Infrastructure

-­‐‑

-­‐‑

chart  used  as  a  basis  for  that  evaluation.  
-­‐‑



112 CLIMATE OF THE SOUTHEAST UNITED STATES

-­‐‑

methodology  for  assessing  and  mitigating  the  potential  impacts  of  SLR  and  storm  im-­‐‑
pacts  on  transportation  infrastructure  to  assist  transportation  planning.  The  approach  

-­‐‑
  the  evaluation  of  current  and  projected  SLR  

-­‐‑

6.3 Impacts of Climate Change on Transportation Systems

-­‐‑

Figure 6.1   Analysis tool (Bloetscher 2012).



Climate Change and Transportation in the Southeast USA               113

inundation  of  a  critical  access  could  cause  transportation  connectivity  problems  by  

of  certain  types  of  transportation.  Changes  in  hydrology  can  dramatically  increase  the  
-­‐‑
-­‐‑

outline  the  challenges  facing  each  transportation  sector  in  the  Southeast.

Figure 6.2   Prediction of Sea Level Rise, accounting for time and rise.
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Marine  and  Inland  Ports.    The  SE  supports  an  array  of  marine  and  inland  shipping  
-­‐‑

-­‐‑
-­‐‑

intermodal  transportation  hubs.  

even  the  long-­‐‑term  sustainability  of  some  marine  ports.  In  addition,  SLR  has  a  cumula-­‐‑

up  to  20  years  to  develop  plans  and  construct  improvements.  

-­‐‑

-­‐‑

protected  environments.

-­‐‑
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Waterways.  
hydraulic  changes,  sedimentation,  sea  level  change,  storm  surge,  and  tropical  storms.  

Railroads.  

Table 6.1 Waterborne Foreign Trade Volume Rankings for SE Customs Districts in 2011.

Rank Port Satellites

1 Port  of  South  Louisiana,  LA

3

10

13 St  Petersburg,  Manatee

Mobile,  AL

19 Pascagoula,  MS

21

Memphis,  TN

29 Savannah,  GA

30 Charleston,  SC

34

Louisville,  KY

39

42

43   Morehead  City,  NC

44   Nashville,  TN

Greenville,  MS

49 Guntersville,  AL

Ponce,  PR
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tended  to  construct  railroads  on  high  ground.  As  a  result,  railroads  may  be  less  sub-­‐‑

railroads.  Conversely,  of  great  concern  is  that  the  railroads  built  100-­‐‑plus  years  ago  did  

-­‐‑

-­‐‑

Table 6.2 Class 1 Freight Railroads in the Southeast USA.

Railroad Status

Kansas  City  Southern

Canadian  National
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-­‐‑

are  on  higher  ground  than  surrounding  areas,  but  long-­‐‑term  base  failure  due  to  rising  

-­‐‑

including  sea  level  rise.
Roadways.

-­‐‑

Figure 6.3   Source: wikipedia.com, 2012.
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-­‐‑

failure.  In  addition,  because  soil  storage  capacity  is  diminished,  the  potential  for  fre-­‐‑

-­‐‑

Figure 6.5   Future railroad condition showing that rising ground water level (dotted line) nearly 
reaches the gravel base, which can result in base deterioration and failure.

Figure 6.4   Cross sectional diagram showing the current base condition for railroads relative to the 
water table.
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-­‐‑

-­‐‑

during  heavy  rainfall  events.  

Figure 6.6   Airport runways are generally elevated. Note that water table is below drainage 
requirements (dotted line).

Figure 6.7   Sea level rise will threaten runways, but because runways are designed with more 
elevation than roadways, runways will not be affected by inundation as early as are roadways or 
railroads. Note that water table is still below drainage requirements (dotted line).
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and  be  directed  to  a  pump  station.  In  these  situations,  the  pump  stations  might  be  2000  

Figure 6.8   Illustration of Fort Lauderdale Hollywood International Airport. LiDAR map shows runways 
are currently above SLR projections; however drainage areas are not above SLR projections. Dark 
blue areas are would be inundated with 1 ft of sea level rise (SLR) and medium blue areas would be 
inundated with 3 ft of SLR.
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-­‐‑

Figure 6.9   Dania Beach Overlay Map Using High Resolution LiDAR Data (7” in vertical accuracy).
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-­‐‑

-­‐‑

Figure 6.10   Wellpoints.

Figure 6.11   Infiltration Gallery Concept..
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-­‐‑

-­‐‑

-­‐‑

-­‐‑

Figure 6.12   Injection Well Concept.
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displaced  residents  go  is  uncertain  although  migration  and  displacement  of  residents  

construction.
-­‐‑

-­‐‑

-­‐‑

6.4 Conclusions

-­‐‑
-­‐‑

-­‐‑

damage  is  temporal  in  nature  as  opposed  to  the  permanent  threat  of  sea  level  rise.  

-­‐‑

-­‐‑

-­‐‑

operating  and  repair  costs,  and  the  possibility  of  catastrophic,  cascading  failures.  If  the  
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-­‐‑

-­‐‑

elements  of  this  overall  transportation  system  are  particularly  vulnerable  to  climate-­‐‑

storm  surge,  and  sediment  dynamics  need  to  be  considered.  
Engineering  options  are  already  available  for  strengthening  and  protecting  trans-­‐‑

portation  facilities  such  as  bridges,  ports,  and  railroads  from  coastal  storms  and  

implementation  of  technologies  that  monitor  major  transportation  facilities  and  infra-­‐‑
structure,  and  the  development,  update  and  re-­‐‑evaluation  of  current  design  standards,  

-­‐‑

-­‐‑

-­‐‑

•   Planning  time  frames
•  
•   Integrated  climate  data  and  projections  
•  
•   Region-­‐‑based  analysis  
•   Interdisciplinary  research  
•  
•  
•  
•  
•  

-­‐‑

operational  
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  of  transportation -­‐‑

-­‐‑

-­‐‑

served  by  these  transportation  systems.  Transit  and  other  modes  of  transportation  that  
are  not  single-­‐‑occupant  vehicle  mode  may  become  more  prudent  to  reduce  congestion.  

developed  and  implemented,  including  a  detailed  route  signing  system  and  emergency  

6.5 References

management  and  adaptation  in  the  face  of  climate  change.  

-­‐‑

-­‐‑

physical  transportation  infrastructure  vulnerable  to  sea  level  rise.  

-­‐‑

-­‐‑

-­‐‑
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for  meeting  21st
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-­‐‑

-­‐‑

  

-­‐‑
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-­‐‑

-­‐‑



Chapter 7

Agriculture and Climate Change in the 
Southeast USA  

LEAD AUTHOR

Senthold Asseng (sasseng@ufl.edu; University of Florida, Gainesville, Florida)

CONTRIBUTING AUTHORS

Wendy-Lin Bartels (University of Florida, Gainesville, Florida)

Kenneth J. Boote (University of Florida, Gainesville, Florida)

Norman E. Breuer (University of Miami and University of Florida, Gainesville, Florida) 

Davide Cammarano (University of Florida, Gainesville, Florida)

Christine C. Fortuin (Environmental Protection Agency, Region 4, Washington, DC)

Clyde W. Fraisse (University of Florida, Gainesville, Florida)

Carrie A. Furman (University of Georgia, Griffin, Georgia)

Gerrit Hoogenboom (Washington State University, Prosser, Washington)

Keith T. Ingram (University of Florida, Gainesville, Florida)

James W. Jones (University of Florida, Gainesville, Florida)

David Letson (University of Miami, Miami, Florida)

Brenda V. Ortiz (Auburn University, Auburn, Alabama)

Mark Risse (University of Georgia, Athens, Georgia)

Fredrick Royce (University of Florida, Gainesville, Florida)

Scott D. Shuford (City of Fayetteville, Fayetteville, NC)

Daniel Solis (University of Miami, Miami, Florida)

128



Agriculture and Climate Change in the Southeast USA                 129

-­‐‑

Key Findings

Changes in precipitation extremes

  

resources.  
  

as  indirect  damage  through  soil  erosion,  leaching  of  nutrients,  and  loss  of  future  
productivity.

Changes in temperature extremes

  
-­‐‑

such  methods  increase  costs  of  production.  
  

  

Changes in tropical storm strength
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Increased atmospheric carbon dioxide

   -­‐‑
3

7.1 Agriculture in the Southeast USA

economy  and  communities.  Seasonal  and  spatial  variability  of  climate  conditions,  
-­‐‑

rigation  have  led  to  the  development  of  a  diverse  and  intensive  agricultural  sector.  

-­‐‑

-­‐‑
-­‐‑

States  also  produce  rice,  sugarcane,  and  small  grains.  The  Appalachian  States  are  the  

North  Carolina  also  have  urban  shares  of  urban  land  use  above  the  national  average  

-­‐‑
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include  fruits  and  vegetables,  soybeans,  greenhouse  and  nursery  products,  corn  and  

1 Dot = $20,000,000

United States Total
$297,220,491,000

0     100

 iles

Figure 7.1   Maps show (a) shares of land use in the Southeast and (b) distribution of market value of 
agricultural products sold. (a) USDA Census (2007) and (b) Hatfield et al. (2011).

A)

B)
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-­‐‑

  

2

-­‐‑

-­‐‑

conserve  vegetative  cover  and  to  store  soil  carbon  through  integration  of  crop,  pasture,  

Table 7.1 Regional Population and Agricultural  
               Sales in the Southeast.

Population

Rural

Annual  Sales

31.1

Total  (Billion  $)   56.7
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-­‐‑
-­‐‑

-­‐‑

-­‐‑

 7.2 Climate Sensitivities and Vulnerabilities

Agriculture  is  highly  sensitive  to  climate  variability  and  change.  Increasing  tempera-­‐‑
2  

production  through  various  physiological  mechanisms.  In  combination,  these  factors  
-­‐‑

Adverse  impacts  of  climate  change  on  other  economic  sectors  may  increase  the  

-­‐‑

-­‐‑

Potential Impact of Rainfall Variability and Change
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-­‐‑

-­‐‑

Rainfall  distribution  also  plays  an  important  role  for  determining  crop  yields.  Rain-­‐‑

-­‐‑

-­‐‑

critical  are  changes  in  rainfall  intensity  and  the  distribution  of  small  versus  large  rain-­‐‑
-­‐‑

-­‐‑
-­‐‑

-­‐‑
es  in  rainfall  on  forage  production  have  not  been  as  thoroughly  researched  as  those  for  

Potential Impact of Temperature Change

-­‐‑
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-­‐‑

oC  and  
above  31o

carrying  out    the  C4  photosynthesis  process  have  higher  optimum  temperatures  for  

2
-­‐‑

increase  in  temperature.

-­‐‑

oC  mean  daily  temperature,  
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agriculture,  this  will  directly  limit  plant  growth,  while  in  irrigated  systems  increased  
temperatures  could  result  in  higher  irrigation  demands  in  combination  with  increased  
losses  through  evaporation.  However,  if  future  temperature  changes  are  similar  to  
the  changes  in  the  last  50  years,  where  global  minimum  temperatures  have  gener-­‐‑
ally  increased  twice  as  fast  as  maximum  temperatures,  resulting  in  a  reduced  diurnal  
temperature  range  (Folland  et  al.  2001),  the  impact  of  increasing  temperatures  on  vapor  

(Farquhar  et  al.  1978).  In  addition,  higher  atmospheric  CO2  concentrations  can  partially  
compensate  for  the  increased  water  demands  due  to  higher  temperatures,  through  
lower  stomatal  conductance,  which  reduces  transpiration  (Kimball  2010).  Reduced  
leaf  transpiration  as  a  consequence  of  higher  CO2  will  also  increase  leaf  temperature  
with  an  increased  chance  of  plant  damage  due  to  heat  stress.  Plants  grown  at  higher  
atmospheric  CO2  tend  to  have  a  higher  leaf  water  potential,  which  results  in  reduced  
drought  stress  (Wall  2001).  

-­‐‑
tein  content  (Triboi  et  al.  2003,  Zhao  et  al.  2008)  and  dough  quality  of  wheat  (Randall  
and  Moss  1990;  Wrigley  et  al.  1994).  For  some  crops,  night  temperatures  are  critical  for  

(Izquierdo  et  al.  2002).  
Increasing  temperatures  could  have  profound  impacts  on  livestock  and  poultry  

(Klinedinst  et  al.  1993).  Dairy  cows  perform  best  under  cool  temperatures,  with  the  

relative  humidity  (>80%)  heat  stress  in  dairy  cows  can  begin  at  temperatures  as  low  as  
23o -­‐‑
tures  by  renovating  barns  to  improve  their  cooling  systems,  but  these  costs  would  have  

statements  can  be  made  for  swine  production  as  the  vast  majority  of  the  animals  are  

but  because  these  animals  are  moved  quickly  from  production  to  processing,  this  is  a  

Potential Impact of Elevated Atmospheric CO2 Concentrations

Elevated  CO2 2  
concentration  leading  to  increased  net  photosynthesis  rates,  and  at  the  same  time  
reduces  stomatal  conductance  resulting  in  reduced  transpiration  and  improved  water  

2  
concentrations  increase  plant  biomass  production  and  yield  (Drake  et  al.  1997,  Garcia  

2   -­‐‑
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2

  

2  concentrations  increases  photosynthesis  from  
  

2

2

2 -­‐‑
2

-­‐‑

information  indicates  forage  yield  responses  of  C3  versus  C4  perennial  forages  to  be  

-­‐‑

2

2 -­‐‑

2

2 2
-­‐‑

-­‐‑

2

2  is  an  increase  in  canopy  tempera-­‐‑
tures  due  to  a  reduction  in  stomatal  conductance  and  therefore  less  evaporative  cooling  

Table 7.2 Examples of C3 and C4 Species.

C3  Species C4  Species

•  
•  Grain  legumes  such  as  soybean,  peanuts,  various  beans  
and  peas

•  
•  

species

•  
•  
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-­‐‑

-­‐‑
2

Potential Impact of Tornados, Hurricanes, and Sea Level Rise

Potential Combined Impact of Climate Change 

2  concentrations  do  not  change  independently  but  inter-­‐‑

change  adaptation  strategies  so  that  crop  production  can  remain  stable  in  a  changing  

2  in  the  

important  to  understand  the  interactions  before  developing  climate  change  adaptation  
   -­‐‑

2  as  a  
2  concentration.  

2.  

drought  conditions.
-­‐‑

eases  in  response  to  the  changes  in  prevalence  of  the  host  species  and  the  suitability  of  
-­‐‑

dence  that  climate  change  has  already  changed  the  overall  abundance,  seasonality,  and  
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and  changes  in  rainfall  distribution  may  lead  to  changes  in  spatial  or  temporal  distri-­‐‑

-­‐‑

Climate Change Impact in the Southeast USA 

-­‐‑

o

-­‐‑

-­‐‑
-­‐‑

-­‐‑

adapt  to  climate  variability  and  change  include  improved  seasonal  forecasts,  drought  
-­‐‑

-­‐‑

2
o -­‐‑

2

2
o

-­‐‑
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-­‐‑

-­‐‑

The  potential  impacts  of  climatic  change  on  overall  performance  of  domestic  ani-­‐‑

ingestion  of  feed  is  directly  related  to  body  heat  production,  any  change  in  voluntary  

from  GCM  scenarios  have  been  used  to  develop  production  and  response  models  for  

primarily  average  daily  temperature,  to  estimate  direct  climate-­‐‑induced  changes  in  

2 2
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animals  not  adapted  to  those  conditions.  

predicting  direct  and  indirect  impacts  on  the  agricultural  sector  in  the  SE  region  are  

-­‐‑
portunities  for  agriculture  to  contribute  to  mitigation  are  also  highlighted.

Virginia.  
-­‐‑

-­‐‑

North  Carolina.  

industry  is  projected  to  lose  10%  of  its  yield  through  heat  stress  due  to  an  increase  of  

Tennessee.  

South  Carolina.  
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Alabama.  

-­‐‑

Georgia.  

-­‐‑

Florida.  

-­‐‑



Agriculture and Climate Change in the Southeast USA                 143

-­‐‑

Arkansas.  

-­‐‑

emissions  through  production  of  biodiesel  and  cellulosic  ethanol  using  crop  residues,  

Louisiana.  

7.3 Adaptation to Climate Change and Variability in the 
Southeast USA

types  of  adaptation  can  protect  and  even  improve  farm  productivity.  Adaptation  has  

of  local  or  regional  changes  in  rainfall  and  temperature  and  global  changes  in  atmo-­‐‑
2  concentrations.  Therefore,  understanding  the  local  impacts  of  regional  cli-­‐‑

-­‐‑
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-­‐‑

-­‐‑

-­‐‑

-­‐‑

includes  tools  for  seasonal  forecast  for  much  of  the  SE,  including  planting  date  sched-­‐‑

2 -­‐‑

Figure 7.2   Relationship of global climate change, regional/local climate change, agricultural impact and 
agricultural adaptation to climate change.
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2

-­‐‑
duction,  as  an  important  strategy  for  climate  change  mitigation,  have  been  investigated  

Current Adaptation Strategies in Crop Production

-­‐‑

systems  such  as  AgroClimate.

Sod-­‐‑based  rotation.  

increased  root  activity  at  greater  depths.  The  root  mass  produced  by  perennial  grass  is  

Sustainable  soil  management  strategies.  Conservation  tillage  is  one  of  the  sustain-­‐‑

The  use  

temperature  during  critical  crop  reproduction  periods.  Keeping  the  soil  covered  year  
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Variable-­‐‑rate  irrigation.  

-­‐‑

-­‐‑

Micro-­‐‑irrigation.  

-­‐‑

-­‐‑

  

A  sensor-­‐‑based,  variable-­‐‑rate  nitro-­‐‑

-­‐‑
-­‐‑

-­‐‑

greenhouse  gas  emissions.

AgroClimate:  Information  and  tools  for  climate-­‐‑smart  agriculture.  AgroClimate  is  a  

-­‐‑

-­‐‑

-­‐‑
tions  using  several  drought  indices  and  be  alerted  via  e-­‐‑mail  and  mobile  phones  about  
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and  forage  availability.  In  animal  agriculture,  adaptation  technologies  have  been  stud-­‐‑

3  and  C4

to  avoid  losses.

The Capacity for Agricultural Stakeholders to Adapt to Climate Change

Adaptive  capacity  is  an  emergent  property  that  confers  resilience  to  perturbation  
-­‐‑

the  stability  of  social  relations,  the  maintenance  of  social  capital  and  economic  pros-­‐‑

-­‐‑

breeds  along  the  gulf  coast  that  are  more  resistant  to  heat  and  tropical  diseases  than  the  

determined  by  more  than  their  access  to  appropriate  technologies  or  management  prac-­‐‑

that  limit  options  for  adaptation.
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-­‐‑

-­‐‑

-­‐‑

state  and  local  scales,  governments  are  also  engaged  in  cross-­‐‑agency  collaborations  to  

-­‐‑
-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑
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-­‐‑
-­‐‑

-­‐‑
-­‐‑

velopment  and  dissemination  of  decision  support  tools  that  are  accessible  and  relevant  

-­‐‑

changes  and  seasonal  variability  in  climate.  In  assessing  the  barriers  and  opportunities  

Figure 7.3   Perceived usefulness of forecasts and projections at specific timescales among row crop 
stakeholders (N=57) in the SE USA (Bartels et al. 2012a).
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control  over  other  factors,  such  the  federal  farm  bill,  access  to  industrial  infrastructure  

-­‐‑

-­‐‑

-­‐‑
-­‐‑

-­‐‑

Figure 7.4   Framework for a combined climate variability and change extension program (Fraisse  
et al. 2009).
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-­‐‑

7.4 Assessment and Research Needs

Climate  change  impact  and  adaption  research  needs  in  agriculture  include  general  

General Research Needs

Current  climate  change  impact  and  adaption  assessments  are  often  local-­‐‑,  method-­‐‑  and  

-­‐‑
propriate  adaptation  strategies,  as  outlined  in  the  Agriculture  Model  Intercomparison  

-­‐‑
able  climate  datasets  for  historical  and  projected  climates.  These  climate  datasets  need  

-­‐‑

-­‐‑
-­‐‑
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mechanistic  crop  models  and  their  application  in  climate  adaptation  studies.  These  gaps  

2.   2  and  temperature  are  often  not  considered  
-­‐‑

2  and  stomata  closure  can  increase  pollen  

2  
-­‐‑

2

2 -­‐‑
2 -­‐‑

-­‐‑
2

2

2.   2  and  

2  and  

-­‐‑

2
-­‐‑
2  

-­‐‑
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2,  temperature,  

2 -­‐‑

2 2  and  

conditions.  Such  analysis  gives  plant  breeders  a  chance  to  target  genetics  to  adapt  to  

2
of  crops  and  hence  this  is  also  absent  from  simulation  studies.  

2  condi-­‐‑

2 2 -­‐‑

Yield  quality.  

-­‐‑

importance  than  changes  in  mean  temperatures  for  grain  yields,  so  crop  models  may  

Modeling  growth  events.  

New  cultivars  and  farming  systems.  In  addition  to  improved  modeling  capacities  and  

-­‐‑
2
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needs  to  those  of  crops,  though  there  has  been  less  research  to  improve  understand-­‐‑

-­‐‑
-­‐‑

aptation  measures  over  the  long  term.  An  improved  understanding  of  climate  change  
impacts  on  pastureland  should  be  sought  through  comprehensive  studies  that  include  

Studies  addressing  the  impacts  of  climate  changes  on  parasites  and  pathogens  that  ef-­‐‑

Seasonal  forecast  models.  

and  tornados  to  improve  planning  and  adaptation  to  seasonal  climate  variability  and  
change.  

Specific Research Needs for the SE USA 

research  is  essential  for  agriculture  to  remain  socially,  economically,  and  environmen-­‐‑

some  of  those  needs.

Climate  datasets  and  collaboration  between  agricultural  and  climate  modelers.  To  
be  used  in  impact  simulation  models,  especially  agriculture  and  hydrology,  GCM  and  

-­‐‑
-­‐‑

and  minimum  temperatures,  precipitation,  and  solar  radiation.  

-­‐‑
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thereby  helping  climate  scientists  improve  their  methods.

Traditional  agricultural  

-­‐‑

-­‐‑
tant  elements  to  the  overall  agricultural  research  portfolio  regarding  climate  change,  
but  they  should  be  incorporated  into  integrated  approaches  to  assure  that  they  contrib-­‐‑

Population  increases  in  the  SE  have  led  the  nation  

-­‐‑

-­‐‑

farmers  in  the  SE  to  develop  and  assess  technologies  to  mitigate  and  adapt  to  climate  
variability  and  change.  Additional,  albeit  similar,  research  is  needed  to  identify,  de-­‐‑
velop  and  incorporate  adaptive  technologies  into  agricultural  systems.  These  technolo-­‐‑

to  agricultural  research  and  development.  
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-­‐‑
traction  of  farming  and  the  rise  of  plantation  forestry  in  the  20th  century,  the  struc-­‐‑
ture  and  function  of  southern  forests  continues  to  evolve.  Climate  change  represents  

st  

Key Findings 

  
-­‐‑

  

beetle.
  

  
2

  

8.1 Historical Perspective

resulted  in  abandonment  of  large  areas  of  crop  and  pasture  lands.  Some  of  the  aban-­‐‑
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forests  for  soybean  and  other  crop  production.  Much  of  this  timberland  reduction  oc-­‐‑

-­‐‑

8.2 Southeastern Forest Types 

-­‐‑

2
-­‐‑

est  management  could  be  used  to  cope,  adapt,  or  mitigate  negative  impacts.  

Atlantic  and  East  Gulf  Coastal  Plain.  
-­‐‑

-­‐‑

varies  as  does  the  potential  impacts  on  trees  species.  Several  dendrochronological  
-­‐‑
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and  potential  future  droughts,  may  be  a  major  impact  on  the  distribution  of  some  

These  forests  cover  much  of  the  high  elevation  areas  of  the  

systems,  the  high  elevation  forests  of  the  southern  Appalachian  ecosystems  are  at  
o

  and  
elevations  in  North  Carolina  and  harboring  federally  threatened  animal  species,  includ-­‐‑

-­‐‑
ability  has  increased.  If  these  trends  continue,  they  could  lead  to  substantial  change  in  
the  structure  and  function  of  future  southern  Appalachian  forests.  

In  addition  to  determining  biodiversity,  climate  variability  also  controls  forest  
-­‐‑

-­‐‑

-­‐‑

-­‐‑
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to  have  been  of  centuries-­‐‑scale  duration  in  the  time  period  4,000  to  1,000  years  before  

-­‐‑

spp.

Piedmont.  The  Piedmont  region  lays  southeast  of  the  Appalachian  region  and  stretches  

-­‐‑

-­‐‑

less-­‐‑diverse  forests  may  be  more  susceptible  to  insect  and  pathogen  pests,  and  that  

change  scenarios  considered.  Conversely,  under  those  projections  the  biomass  of  chest-­‐‑
-­‐‑

2

2  increases  the  productivity  of  the  canopy  loblolly  pine  and  

2

2

2

Coastal  wetland  forests.  
Coastal  Plain  and  maritime  ecosystems  and  are  responsive  to  changes  in  climate  and  



170 CLIMATE OF THE SOUTHEAST UNITED STATES

-­‐‑

-­‐‑

-­‐‑

-­‐‑

mangrove

Figure 8.1   Mixed conifer and deciduous Piedmont forest in the southeastern USA.
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-­‐‑

coastlands  to  mangrove  dominated  shores,  due  to  climatic  changes,  may  also  lead  to  

Climate  change  poses  some  immediate  and  long-­‐‑term  threats  to  the  health,  func-­‐‑

-­‐‑

in  Mississippi,  particularly  in  counties  dominated  by  pines  in  the  southern  part  of  the  
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8.3 Changes in Forest Type Across the South

-­‐‑

-­‐‑

The  combination  of  future  climate,  soils,  and  land  cover  may  not  resemble  anyplace  

-­‐‑

soils  of  the  southeastern  mountains  and  Piedmont  are  more  similar  to  each  other  than  

response  to  changes  in  SE  climates.  

models  themselves  do  not  predict  the  future  locations  of  tree  species,  as  they  do  not  

-­‐‑

o

-­‐‑
o o -­‐‑

o
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-­‐‑

8.4 Current and Projected Forest Stresses 

function  of  climate  or  climate  change,  but  indirectly  a  function  of  climate  impacts  on  

Wildfires 

-­‐‑
-­‐‑

2

-­‐‑
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-­‐‑

reduce  fuel  moisture  due  to  increased  evaporation  and,  therefore,  increase  the  threat  

reduces  soil  moisture,  tree  productivity  and  fuel  loading  could     despite  the  

precipitation  are  less  certain  than  those  for  air  temperature.  Projected  precipitation  

higher  in  many  subtropical  and  mid-­‐‑latitude  ecosystems  outside  the  SE.  This  reduced  

Hurricanes 

-­‐‑

-­‐‑
lion  m3  of  timber  estimated  at  a  value  of  $1.4  billion  to  $2.4  billion  dollars.  Impacts  are  

forests  also  can  also  be  impaired.  
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-­‐‑
eter  ratios,  height,  spacing,  recent  thinning,  and  impacts  of  previous  disturbance  on  

composition  may  also  impact  the  degree  of  damage  from  hurricanes.  Therefore,  stand  

forest  managers  to  reduce  hurricane  impacts.

P.  taeda

-­‐‑

-­‐‑

-­‐‑
est  composition.  

Insects 

-­‐‑

-­‐‑

impact  the  amount  of  insect  caused  damage  under  future  climate  conditions  includ-­‐‑
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change  may  also  impact  insect  success.  Although  it  is  one  of  the  principle  drivers  of  ris-­‐‑
2

2

-­‐‑

-­‐‑
-­‐‑

soil  nitrogen  concentrations  from  sites  that  largely  survived  the  drought.  In  addition  to  

climatic  conditions  also  made  these  stands  the  most  susceptible  to  mortality  once  those  
conditions  changed.  In  combination,  insects,  drought,  and  nitrogen  deposition  ulti-­‐‑

-­‐‑
cline  seem  clear,  forest  managers  have  historically  not  been  taught  to  consider  vigorous  

Elevated Atmospheric CO2 

2 2  could  
2

2
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also  the  basis  of  plant  photosynthesis.  Given  that  plant  photosynthesis  is  not  saturated  
2 2

2  

8.5 Ecosystem Services

Southeastern  forests  have  been  a  major  source  of  ecosystem  goods  and  services  for  
-­‐‑

ics  and  climate  may  change  the  value  of  and  need  for  some  ecosystem  services,  but  an  
-­‐‑

2,  and  part  of  a  

Forest Productivity and Carbon Sequestration 

Figure 8.2   Red spruce (Picea rubens Sarg.) mortality in western North Carolina due to a combination 
of drought, southern pine beetles, and acid rain.
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-­‐‑

2  increase  and  
-­‐‑

-­‐‑
ter  13%  of  regional  greenhouse  emissions  in  soils  and  long-­‐‑lived  forest  products,  such  

Forest Water Resources 

-­‐‑
-­‐‑
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-­‐‑

-­‐‑

-­‐‑

-­‐‑

Figure 8.3   Revised Universal Soil Loss Equation predictions of soil erosion areas within the Uwharrie 
National Forest by 2030.
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8.6 Adaptation and Mitigation Options

-­‐‑
spheric  carbon  enrichment,  as  long  as  precipitation  does  not  decline  or  air  temperature  

2  ben-­‐‑

regional  timber  harvests  that  come  from  the  northern  reaches  of  the  region.  This  may  

-­‐‑

There  are  a  variety  of  other  adaptation  strategies  to  address  climate  trends  and  

Figure 8.4   Forest model predictions of increased carbon sequestration (measured at net primary 
productivity, NPP) in the northern sections of the southern USA due to increasing air temperature by 
the end of this century.
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be  important  in  developing  forest  management  regimes  and  increasing  stand  produc-­‐‑

2  enrichment  may  be  further  enhanced  by  improved  genetics,  bioen-­‐‑
gineering,  use  of  marginal  agricultural  land  for  tree  production,  and  more  intensive  

-­‐‑
-­‐‑

-­‐‑

-­‐‑

-­‐‑

Figure 8.5   Interactions of climate (e.g., drought), biological (e.g., insects) and abiotic (e.g., fire or acid 
rain) can combine to cause forest mortality. The interactive stresses may be related (e.g., drought and 
fire) or unrelated (e.g., drought and acid rain). Any single stress may not have caused the mortality, 
but as climate change continues the potential for more frequent, more severe, and synergistic stress 
increases.
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-­‐‑

Improved  understanding  of  climate  change  impacts  and  adaptation  options  are  only  
-­‐‑

-­‐‑
-­‐‑

application  of  these  tools.  

Figure 8.6   Web-based tools such as TACCIMO (Template for Assessing Climate Change Impacts and 
Management Options) are increasingly being used to easily translate scientific knowledge into the hands of 
the land manager.
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8.7 Conclusions

-­‐‑

-­‐‑
pendent  studies  suggest  that  remnant  species  present  from  the  last  glaciation,  such  as  

drier  conditions  in  some  parts  of  the  SE,  conditions  could  favor  more  drought-­‐‑tolerant  
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-­‐‑
tion  of  tropical  cloudiness  by  soot.  

-­‐‑
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2

-­‐‑
ests.  

-­‐‑
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-­‐‑

Cana-­‐‑

forest  landscapes.  In   ,  ed.  
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-­‐‑

-­‐‑

-­‐‑

Implications  for  current  pine  management.  In   -­‐‑

-­‐‑

-­‐‑

.  

-­‐‑
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-­‐‑
prises.  

-­‐‑
sponse  to  climate  change.  



190 

Chapter 9

Effects of Climate Change on Fisheries 
and Aquaculture in the Southeast USA

LEAD AUTHOR

Julie A. Anderson (janderson@agcenter.lsu.edu; Louisiana State University 
Agricultural Center and Louisiana Sea Grant, Baton Rouge, Louisiana)

CONTRIBUTING AUTHORS

Shirley M. Baker (University of Florida, IFAS School of Forest Resources and 
Conservation; Gainesville, Florida)

Gary L. Graham (Texas Sea Grant Program, Texas A&M University; Palacios, Texas)

Michael G. Haby (Texas Sea Grant Program, Texas A&M University; Corpus Christi, 
Texas) 

Steven G. Hall (Louisiana State University and Louisiana State University 
Agricultural Center; Baton Rouge, Louisiana)

LaDon Swann (Mississippi-Alabama Sea Grant Consortium; Auburn, Alabama) 

William C. Walton (Auburn University and Alabama Cooperative Extension System; 
Dauphin Island, Alabama)

Charles A. Wilson (Louisiana Sea Grant College Program and Louisiana State 

University; Baton Rouge, Louisiana)



Effects of Climate Change on Fisheries and Aquaculture in the Southeast USA               191

-­‐‑

has  already  been  seen  throughout  the  region.  

Key Findings

   As  land  loss  continues  from  sea  level  rise,  subsidence,  and  coastal  inundation,  
-­‐‑

  

  

   -­‐‑

  

on  decadal  time  periods  based  on  multiple  parameters  including  temperature,  

   -­‐‑

   -­‐‑

-­‐‑

9.1 Background

Information  includes  the  research  needs  necessary  to  increase  societal  resiliency  to  cli-­‐‑
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-­‐‑
ered  more  thoroughly  in  the  natural  ecosystem  chapter.  Some  of  these  gaps  in  coverage  
are  addressed  in  the  research  needs  portion,  and  these  topics  should  be  included  in  
future  assessments.

Commercial Fishing

-­‐‑

line,  cast  nets,  gill  nets,  tongs,  and  other  gear  types  is  conducted  in  state  and  federally  

mullets,  red  snapper,  striped  bass,  and  tunas.  

-­‐‑

Recreational Fishing

-­‐‑

-­‐‑

-­‐‑

-­‐‑
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Aquaculture

-­‐‑

-­‐‑

broad  range  of  organisms  from  algae  to  turtles.  Louisiana  also  has  a  thriving  pet  turtle  

-­‐‑

Production  methods.  

-­‐‑
tem  in  use  is  the  earthen  pond  and  may  include  simple  small  farm  ponds  in  addition  to  

-­‐‑

-­‐‑

9.2 Climate Change Effects 
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-­‐‑
-­‐‑

-­‐‑

their  body  temperature  and,  therefore,  their  internal  temperatures  match  the  environ-­‐‑

-­‐‑

-­‐‑

.

.  

-­‐‑

-­‐‑

Finfish and Crustacean Shellfish 

-­‐‑

Wetland  loss  and  sea  level  rise.  
-­‐‑

year.  Climate  change  could  increase  global  mean  sea  level  rise  20  cm  to  200  cm  over  the  
-­‐‑

large  land  masses  are  splintered,  the  total  interface  area  increases  due  to  the  combined  



Effects of Climate Change on Fisheries and Aquaculture in the Southeast USA               195

sea  level  rise  eventually  result  in  the  total  loss  of  these  splintered  islands  and  reduced  

-­‐‑

into  the  bays  and  estuaries  by  ocean  currents,  and  from  there  they  move  into  the  rivers  

years  and  can  live  to  age  ten.  Changes  in  ocean  currents  could  disrupt  larval  transport  

-­‐‑

-­‐‑

Changes  in  species  distributions  occur  much  more  rapidly  in  the  marine  environ-­‐‑

  per  
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at  the  same  rate  or  at  all.  These  disconnected  shifts  of  species  in  a  system  may  have  

more  research  is  needed  in  this  area.

-­‐‑

Storm  severity.  

processing  plants,  and  distribution  centers.  These  types  of  losses  have  already  been  

Molluscan Shellfish 

-­‐‑

-­‐‑
ever,  larger  changes  in  range  could  occur  on  longer  time  periods  based  on  multiple  
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-­‐‑
fects  on  the  physiology  of  species,  leading  to  possible  impacts  on  metabolism,  repro-­‐‑

st  century  in  the  area  east-­‐‑

-­‐‑
cies  such  as  the  green  mussel,  

Figure 9.1   A fishing vessel lies on its side near a wholesale fishing dock in St. Bernard Parish, 
Louisiana, after Hurricane Katrina. Adjacent infrastructure also suffered massive damage. Photo by 
Paula Ouder. Courtesy of Louisiana Sea Grant College Program.
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Sea  level  rise.  

-­‐‑
tivity  and  accessibility  of  privately  leased  oyster  beds  and  clam  farms.

Increased  precipitation,  predicted  for  

could  mean  to  the  region.  

2 -­‐‑
-­‐‑

-­‐‑

-­‐‑

2

     

and  found  modest  decreases  in  shell  area  and  calcium  content  in  specimens  treated  
2 -­‐‑

2

Severity  of  storms.   -­‐‑

-­‐‑
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-­‐‑

Freshwater Fisheries and Aquaculture

-­‐‑

-­‐‑

-­‐‑

Alligator  farmers  depend  on  the  collection  of  eggs  from  nests  found  in  coastal  or  

Stress  levels  increase  as  salinity  increases  causing  female  alligators  to  abort  nesting  

-­‐‑

-­‐‑

streams  are  all  vulnerable  to  these  climate  change  conditions.
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9.3 Complicating Factors

-­‐‑

climate  change  on  these  sectors.

The Gulf of Mexico Dead Zone 

-­‐‑

Harmful Algal Blooms 

  and  other  

-­‐‑

and  impacting  the  economics  of  the  region.

Restoration Conflicts 

-­‐‑
-­‐‑

-­‐‑

-­‐‑

-­‐‑

faces  these  same  challenges  if  there  are  shifts  in  salinity  regimes  due  to  climate  change.

Water Use 
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9.4 Adaptation and Mitigation 

-­‐‑

-­‐‑
-­‐‑

Monitoring 

-­‐‑

prior  to  planting  or  harvest.  This  results  in  decreased  fuel  use  and  costs  and,  therefore,  

Gear Efficiency 

-­‐‑

-­‐‑
vals  for  various  preventive  maintenance  activities  may  enable  remaining  operators  to  

-­‐‑
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Results  generated  by  co-­‐‑operators  across  the  Gulf  and  South  Atlantic  suggest  that  other  

-­‐‑

Shifting Effort 

-­‐‑

Carbon Sequestration

  

-­‐‑

native  oysters  and  can  produce  food  and  habitat,  provide  protection  from  erosion,  aid  

-­‐‑
-­‐‑

  and   -­‐‑

Mg  ha-­‐‑1  y-­‐‑1

Local Markets 
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costs  and  emissions.  Additionally,  they  can  yield  a  high  price  per  unit  and  be  bet-­‐‑

-­‐‑

-­‐‑
-­‐‑

-­‐‑

-­‐‑

9.5 Research Needs 

be  adopted  to  mitigate  the  harmful  impacts  of  climate  change,  such  as  sea  level  rise,  

an  active  collaboration  of  ecologists,  physiologists,  geneticists,  engineers,  climatolo-­‐‑

-­‐‑

Impacts of Freshwater Inflow 
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-­‐‑

-­‐‑
-­‐‑

analyses.  

Aquaculture Development 

-­‐‑
-­‐‑
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-­‐‑

-­‐‑
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-­‐‑
-­‐‑

-­‐‑
ter  shortages  due  to  recurring  severe  droughts  and  the  increasing  levels  of  consump-­‐‑

stresses  implied  by  climate  changes  are  beginning  to  concern  all  economic  sectors  

-­‐‑
tions  due  to  climate  change  have  profound  impacts  to  ecosystems  and  society.  The  

management  strategies  to  mitigate  and  adapt  to  climate  change  across  the  southeastern  
region.

Key Findings 

   -­‐‑

   -­‐‑

the  atmosphere.
  

  
changes  in  rainfall   that  either   increase  rainfall  erosivity  or  decrease  vegetative  
cover  protection.

   -­‐‑

Appalachians.  
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to  climate  change.
  

  
-­‐‑

availability.  
  

irrigated  agriculture  and  bioenergy  development,  must  be  carefully  evaluated  to  

10.1 Water Resources in the Southeast

-­‐‑

More  descriptions  of  climate  change  in  the  SE  region  can  be  found  in  Chapter  2  of  this  

-­‐‑

-­‐‑

10.2 Key Constraints to Water Resources in the Southeast

Changing Climate 

-­‐‑



Impacts of Climate Change and Variability on Water Resources in the Southeast USA               213

-­‐‑

-­‐‑

Sea Level Rise 

-­‐‑

may  alter  channel  behavior  far  upstream  of  the  estuaries  and  coastline.  

Rising Water Use for Energy Generation 

-­‐‑

-­‐‑

-­‐‑

-­‐‑

Increasing Water Use for Irrigation 

measures.  In  order  to  maintain  a  robust  agricultural  economy  and  food  prices,  there  is  
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-­‐‑

Changing Land Use and Land Cover 

he  North  Carolina  
-­‐‑

-­‐‑

-­‐‑

.  In  the  Appa-­‐‑

Insufficient Water Storage 

-­‐‑
-­‐‑

systems  if  projected  climate  changes  occur  or  projections  become  more  certain.  

Unique Biodiversity 

-­‐‑
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Unique Cultures 

The  racial  legacy  in  the  SE  has  left  an  imprint  on  educational  institutions  both  from  
segregation  and  desegregation,  and  environmental  perceptions.  Trying  to  bridge  the  

-­‐‑

African-­‐‑American  and  rural  communities,  but  also  the  emerging  Latin-­‐‑American  com-­‐‑
munities.  In  addition,  there  is  increasing  evidence  that  the  poor  and  elderly  in  the  SE  

10.3 Historical Climate Trends 

-­‐‑
-­‐‑

Across  the  region,  mean  air  temperature  increased  0.9o

-­‐‑

-­‐‑
-­‐‑

-­‐‑
-­‐‑

the  SE  can  be  found  in  Chapter  2.

10.4 Uncertainty in Predicting Future Climate and  
Hydrologic Impacts

-­‐‑

-­‐‑

2  
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be  uncertain.  Similarly,  

Con-­‐‑

10.5 Water Resources Impacts of Climate Change

-­‐‑

Water Supply 

Groisman
-­‐‑

-­‐‑

-­‐‑

-­‐‑
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increase  2%  for  a  1%  increase  in  precipitation.  

-­‐‑

-­‐‑

-­‐‑

-­‐‑
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Figure 10.1   Predicted Southeast-wide 10-year moving-mean annual water yield. The wide green band 
represents the range in predicted water yield over the four climate projections (Marion et al. 2012).

Trend in water yield
-6.4% to -5%
-5% to -2.5%
-2.5% to 0%
0% to 2.5%
2.5% to 3.6%

Figure 10.2   Mean trends predicted for 2010 to 2060 in mean annual water yield, normalized by the 2001 to 
2010 mean annual water yield. Hatched area represents locations where the predicted trend in water yield is 
statistically significant (p < 0.05) (Marion et al. 2012).
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-­‐‑

protocols.

Low Flows 

-­‐‑

-­‐‑

-­‐‑

Water Quality
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Figure 10.3   Mean annual Water Supply Stress Index (a ratio of water demand/water supply) based 
on four climate projections for (a) Baseline (2001 to 2010), and (b) Future (2051 to 2060) (Marion et al. 
2012).
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-­‐‑

-­‐‑

s

-­‐‑

ecosystems  than  mean  annual  Ts

s

s -­‐‑
mum  monthly  Ts

s

s  over  all  sites  

Soil  Erosion  and  Sedimentation.  

energy  of  rainfall  or  the  amount  and  type  of  vegetation  cover  resisting  erosion.  In-­‐‑

amount  of  rainfall  occurring  at  a  given  location  over  a  long  period  of  time,  and  as  such  

potential  changes  in  future  surface  erosion  related  to  climate  change.  In  general,  the  
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studies.  This  study  suggests  that  large  future  changes  in  soil  erosion  potential  concen-­‐‑

Aquatic Biota

-­‐‑

services  that  are  the  product  of  past  human  actions  that  have  altered  the  landscape  can  

-­‐‑

deposit  multiple  centimeters  of  rain  in  one  event.  Although  much  uncertainty  remains  

Salinity Intrusion

-­‐‑
-­‐‑

-­‐‑1 -­‐‑
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Climate Change Implications for River Basin Management: A Case Study of the 
Apalachicola-Chattahoochee-Flint River Basin

-­‐‑
-­‐‑

-­‐‑

-­‐‑

-­‐‑

Integrated  Water  Resources  Assessment  and  Planning  Framework.  

-­‐‑
-­‐‑

-­‐‑
line  conditions.  The  analysis  clearly  suggests  that  climatic  change  is  already  occur-­‐‑
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-­‐‑

-­‐‑

processes  aimed  at  developing  consensus  on  adaptation  measures,  management  strate-­‐‑
gies,  and  performance  monitoring  indicators.  The  assessment  and  planning  process  is  

Water  Resources  Assessments.   -­‐‑

Figure 10.4   Integrated Water Resources Assessment and Planning Framework (Georgakakos et al. 
2010 and 2011a).
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-­‐‑
.

-­‐‑

•  

-­‐‑

•  

-­‐‑
agement  procedures  and  tools  have  yet  to  be  adopted  and  made  operational  by  
federal  and  state  agencies.

-­‐‑
tains  across  the  Piedmont  and  Southeastern  

-­‐‑

The  main  stem  rivers  support  hydroelectric,  ther-­‐‑

main  stem  dams.  Many  small  impoundments  

-­‐‑

-­‐‑

multimillion  dollar  recreational  opportunities  for  

people  throughout  the  region,  especially  from  
metro  Atlanta.  Additional  recreational  opportuni-­‐‑

-­‐‑
hoochee  River.

of  metro  Atlanta,  across  the  Piedmont  and  onto  

Case Study: The Apalachicola-Chattahoochee-Flint (ACF) River Basin

Continued on next page
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Seminole,  a  main  stem  impoundment  noted  for  
-­‐‑

island  estuary  designated  as  a  National  Estuarine  

Research  Reserve.
-­‐‑

estuary  supports  a  multimillion  dollar  production  

-­‐‑

high  river  discharges  and  are  thought  to  re-­‐‑
-­‐‑

food  production  used  by  oysters.
There  have  been  decades  of  discus-­‐‑

sions,  sometimes  contentious,  among  

Alabama,  the  three  states  that  compose  

federally  protected  species  in  middle  and  
-­‐‑

supplies  for  upstream  users,  especially  
-­‐‑

optimal  salinity  ranges  for  oyster  produc-­‐‑

-­‐‑
tions  of  prolonged  droughts,  high  storm  

 Continued from previous page

Case Study: The Apalachicola-Chattahoochee-Flint (ACF) River Basin

Figure 10.1.ACF Map of the Apalachicola-Chattachoochee-Flint 
River Basin. The basin includes drainage areas in three states 
with most of the catchment in Georgia. Continued on next page
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variables  that  may  prove  detrimental  coastal  

anthropogenic  stresses  on  these  interconnected  

-­‐‑
ity  and  river  discharge.  In  addition,  projected  

-­‐‑

-­‐‑

-­‐‑

-­‐‑

be  discovered,  such  as  a  previously  undescribed  
species  of  bass,  Micropterus  sp.,  that  occurs  in  the  

-­‐‑

-­‐‑
chicola  River  are  federally  listed  as  endangered  

-­‐‑

hosts  to  complete  larval  development  and  dis-­‐‑

These  species  provide  important  ecosystem  

feed  on  suspended  micro-­‐‑algae,  bacteria  and  

-­‐‑
tion,  since  mussels  are  among  the  most  sensitive,  
long-­‐‑lived  species  that  complete  their  life  cycles  

Figure 10.2.ACF  Spring Creek historically flowed 
into Georgia’s Lake Seminole. During recent prolonged 
droughts, the channel has dried out and formed isolated 
pools. Photo by: Andrea Fritts, Warnell School of Forest-
ry and Natural Resources, University of Georgia-Athens.

 Continued from previous page

Case Study: The Apalachicola-Chattahoochee-Flint (ACF) River Basin

Continued on next page
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they  are  good  bioindicators  of  increases  in  con-­‐‑

locations.

-­‐‑

-­‐‑
ingly  challenged  to  implement  long-­‐‑term  plans  

-­‐‑

-­‐‑
-­‐‑

sion  and  collaboration  to  bring  about  resolution.

Figure 10.3.ACF  Striped mussel (Hamotia suban-
gulata), (commonly called shiny rayed pocketbook), 
is a federally endangered species found in the ACF 
River Basin. Source: www.discoverlife.org, Univer-
sity of Georgia.

Figure 10.4.ACF  Life cycle of freshwater mussels. Adult mussels produce small ectoparasitic larvae that at-
tach to the gills of fish. The larvae grow and are dispersed by the fish to complete their growth in sediments. 
Some mussel species have evolved specialized mantel tissue resembling small fish that undulate. This move-
ment attracts predatory fish closer to the adult mussel and increases chances of the larvae becoming attached 
to the fish gills. Source: Diagram from Cummings and Graf, 2009. The MUSSEL Project. http://www.mussel-
project.net/. Funded by The National Science Foundation and USGS.

 Continued from previous page

Case Study: The Apalachicola-Chattahoochee-Flint (ACF) River Basin
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10.6 Mitigation and Adaptation Options

-­‐‑

Carlisle

Table 10.1 Potential Adaptation Options for Managing Hydrologic Impact and Risks from  
                 Climate Change.

Hydrologic  Impacts Risks  to  Ecosystems   Adaptation  Options

-­‐‑
tems,  socioeconomics,  and  business  

-­‐‑

adaptive  management.

Evapotranspiration  increase

sedimentation  
increase  evapotranspiration  by  

capacity

2 4 reservoirs  

shading  

Soil  erosion,  sedimentation  increase

treatment

Enhance  best  management  practices  

from  roads  to  streams

Chemical  loading  increase  
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A  limited  number  of  studies  have  considered  adaptation  options  that  might  reduce  
-­‐‑

-­‐‑

in  future  land  planning.  Current  best  management  practices  for  reducing  nonpoint  

-­‐‑

-­‐‑

past  decisions  in  light  of  the  changing  climate,  and  

and  adaptive  decisions  made  over  time.  Such  an  approach  helps  identify  robust  solu-­‐‑

-­‐‑

-­‐‑

-­‐‑

development  of  climate  forecasts  at  seasonal  and  interannual  scales  could  be  useful  in  
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-­‐‑

-­‐‑
-­‐‑

change.  If  our  grandchildren  are  to  be  able  to  appreciate  these  natural  ecosystems  in  
-­‐‑

engineering  of  the  landscape.

Key Findings

-­‐‑

reefs.  

-­‐‑

4

2

2  
concentrations  in  the  atmosphere.

  

draining  the  SE  coastal  plain.  
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-­‐‑

   -­‐‑
tions  of  cold  temperatures  caused  by  climate  change.

  
rare  longleaf  pine  savannas  of  the  SE.  

  

2  emissions  
2

  

  

impact  on  natural  ecosystems  during  the  coming  century.  This  aspect  may  also  have  
the  greatest  policy  relevance  because  society  has  the  ability  to  control  or  regulate  

-­‐‑

-­‐‑

study.  Available  research  suggests  that  future  policy  and  management  activities  may  
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11.1 Background

In  this  chapter,  the  major  ecosystems  of  the  SE  and  Caribbean  region  are  discussed,  

Not  all  natural  ecosystems  of  the  SE  are  discussed,  only  those  that  are  considered  to  
be  most  vulnerable  to  changes  in  the  hydrologic  cycle  as  a  result  of  changes  in  tem-­‐‑

-­‐‑

assessments  of  climate  change  in  the  SE.  
-­‐‑
-­‐‑

-­‐‑

-­‐‑

11.2 Southeastern Freshwater Aquatic Ecosystems

-­‐‑
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Streams, Rivers, Lakes and Reservoirs

-­‐‑

2

Figure 11.1   Maritime forests on some of the few remaining, relatively intact barrier islands of the 
Southeast, for example on Ossawbaw Island, GA, are vulnerable to climate change through the 
devastating impact of winds, surge, salt spray, and shoreline erosion from hurricanes and sea level 
rise. This artistic rendering by Philip Juras (Passing Storm, 2009, oil on canvas) shows remnants of the 
maritime forest now in the intertidal beach zone.
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-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑

both  marine  and  estuarine  habitats  as  adults  and  reproduce  in  coastal  rivers  along  the  
-­‐‑

-­‐‑
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-­‐‑

life,  are  also  of  particular  concern  as  their  southern  range,  limited  by  temperature,  is  
-­‐‑

-­‐‑

-­‐‑

dynamics  that  have  not  previously  been  observed.  Currently,  many  species  declines  

-­‐‑

-­‐‑

loading  from  agricultural  and  urban  areas  may  result  in  algal  blooms  that  alter  food  

-­‐‑

-­‐‑
-­‐‑

peratures.  Non-­‐‑native  subtropical  and  tropical  species,  including  many  species  already  

-­‐‑
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-­‐‑

11.3 Southeastern Savannas

-­‐‑

-­‐‑

-­‐‑

-­‐‑

  peat  moss  and  dead  peat  have  

-­‐‑

-­‐‑
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and  burning  of  drier  vegetation  and  peat,  as  in  other  peatland  ecosystems  throughout  

-­‐‑

-­‐‑

  and     and  
-­‐‑

tem  productivity  in  forests  across  a  range  of  soil  moisture  types  and  found  that  severe  
-­‐‑

Figure 11.2   Longleaf pine savanna of the southeastern Coastal Plain. This forest is actively managed 
through controlled burns on the Fort Stewart Military base in Georgia. Species diversity is particularly 
high in these ecosystems. While warmer winter temperatures may benefit the longleaf pine ecosystem 
in the northern range margin, the majority of longleaf pine savannas likely will fare less well due to 
increasing summertime droughts. (Photograph by Charles Hopkinson.)
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-­‐‑
   -­‐‑

11.4 Southeastern Freshwater Marshes and Swamps

-­‐‑

continually  isolated  or  connected  via  ephemeral  streams.  Land  use  changes  for  urban-­‐‑

-­‐‑
-­‐‑

temperature  

and  catchment  hydrology  predicted  by  global  climate  models  include  increasing  fre-­‐‑

-­‐‑

-­‐‑
-­‐‑

change.  The  vast  amount  of  carbon  stored  in  the  peat  soils  of  the  pocosins  and  Ever-­‐‑

-­‐‑
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2,  N2 4,  depend  not  

-­‐‑
-­‐‑
-­‐‑

-­‐‑

-­‐‑2

-­‐‑
-­‐‑

Carolina Bays 

-­‐‑

-­‐‑
-­‐‑

Pocosins 
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4

2  increased  greatly  in  aerobic  soils  under  drought  conditions-­‐‑-­‐‑a  climate  

4  release  to  the  atmosphere  
2  and  N2

4 2  release  from  dryer  soils  and  seasonal  
2

Southern Bottomland Swamp Communities 

-­‐‑

-­‐‑
  

Everglades 

The  successional  dynamics  of  the  Everglades  are  mainly  controlled  by  the  interaction  of  
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-­‐‑
spp.

-­‐‑
-­‐‑

more  pronounced  physiological  limitations  to  inundation  depth,  duration,  or  both,  and  

-­‐‑

Figure 11.3   Nymphaea open water slough surrounded by Sawgrass (Cladium jamaicense) in the 
central Everglades. The peat depths are 1.8 m at this site. Wetland prairies such as these are highly 
vulnerable to changes in the hydrologic cycle. While these systems are currently strong carbon sinks, 
under a warmer and drier climate they could become carbon sources emitting powerful greenhouse 
gases such as CH4, in addition to CO2. (Photograph by Curtis J. Richardson.)



250 CLIMATE OF THE SOUTHEAST UNITED STATES

11.5 Southeastern Tidal Marshes and Swamps

-­‐‑

that  drain  to  the  coast.  The  magnitude  of  ecosystem  services  provided  by  these  sys-­‐‑

-­‐‑
.

induced  degradation  of  natural  systems,  are  predicted  to  disappear  at  an  accelerat-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑
  et  al.  2002,  Mudd  et  al.

  

to  accelerate  SLR  in  the  coming  century  resulting  in  a  sea  level  increase  of  up  to  2  m  or  
  et  al.

Richardson  et  al. -­‐‑

  et  al.  2009,  
     

  

  et  al.    -­‐‑
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  et  al.

-­‐‑

  et  al.
-­‐‑

ing  storm  energy  and  their  loss  leads  to  the  increased  vulnerability  of  human  structures  
   -­‐‑

Climate  models  predict  greater  interannual  variability  in  temperature  and  precipita-­‐‑
-­‐‑

coast.  Changes  in  precipitation  regimes,  storms  and  anthropogenic  alterations  of  fresh-­‐‑
-­‐‑

Figure 11.4   Tidal salt water marshes and swamps, such as this Spartina alterniflora marsh near 
Sapelo Island, GA, are particularly vulnerable to sea level rise. If they are unable to build in elevation as 
rapidly as sea level rises, they will revert to open-water areas. Salt marshes are critical habitats for most 
of the commercial fisheries of the SE USA. (Photograph by Christopher Craft.)
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-­‐‑
ganic  carbon  by  stimulating  microbial  decomposition,  especially  sulfate  reduction,  and  

  

   -­‐‑
2 4 -­‐‑

  et  al.  1999,  Giblin     

-­‐‑

  

     

  et  al.  2004,  Langley  

2

   -­‐‑
-­‐‑

munities  respond  to  climate  change.
-­‐‑

  

-­‐‑

  et  al.  2004,  Silliman   -­‐‑
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-­‐‑
  

        

  

  

and  feeding  activities  destroy  root  systems  and  depress  soil  accretion  leading  to  ero-­‐‑
  

  

storm  events  may  aid  in  the  spread  of  invasive  propagules,  and  repeated  hurricane  
-­‐‑

terparts,  for  instance     over     

Figure 11.5  Tidal freshwater forest along the Satilla River in coastal Georgia. These forests are 
particularly vulnerable to salt water intrusion that occurs with sea level rise. Vegetation likely will be 
replaced by salt tolerant marsh species, such as Zizaniopsis sp. During the transition these environments 
can emit high rates of greenhouse gases, including CO2 and CH4. (Photograph by Christopher Craft.)
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aggressive  invasive  species,     and  
  

-­‐‑
  

     

Sea  level  rise  is  facilitating  mangrove  encroachment  on  the  salt  marsh  dominant  species  

  et  al.  2010,  Krauss  
Though  there  is  some  evidence  that  mangroves  may  build  elevation  in  response  to  SLR  

  et  al.  
  

recreational  activities.  

Craft  
-­‐‑

Many  of  these  species  rely  on  the  preservation  of  an  entire  estuarine  landscape  because  

     

  et  al.  2010,  
van  de  Pol  

  

Recent  model  simulations  suggest  the  combined  impacts  of  accelerated  SLR  and  

  et  al.  2009,  

  et  al.  2009,  Geselbracht  

rivers  to  the  ocean.  

11.6 Coral Reefs of the Southeast USA

-­‐‑
-­‐‑
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-­‐‑

-­‐‑

-­‐‑

Figure 11.6   Location of coral reefs in the SE USA including Flower Garden Banks (FGB), Florida 
Middle Grounds (FMG), Pulley Ridge (PR), Dry Tortugas (DT), Florida Keys (FK), Biscayne (B), southeast 
Florida reefs (SEFL), Gray’s Reef (GR), Navassa Island (NI), Puerto Rico (PRR), and US Virgin Islands 
(USVI). Orange areas are coral reefs from ReefBase (http://reefgis.reefbase.org/).
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-­‐‑

  and  

-­‐‑

-­‐‑
-­‐‑

-­‐‑

There  is  active  investigation  and  research  of  climate  change  impact  on  corals  and  

2

-­‐‑
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-­‐‑

altering  the  habitat,  increasing  turbidity,  and  increasing  nutrient  concentrations  from  

-­‐‑
-­‐‑

-­‐‑

-­‐‑

st  

11.7 Summary

-­‐‑
-­‐‑

deposition.  
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-­‐‑

4  and  N2

-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑

4 2  and  N2
dry  conditions.  

2

2
-­‐‑
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-­‐‑
tation  rates  and  their  adjacency  to  upland  areas.  

regions  of  the  SE.  

-­‐‑

damage.  

the  reef,  especially  so  if  the  reef  has  limited  ability  to  build  vertical  elevation.  In  addi-­‐‑

can  degrade  these  environments.

11.8 References

-­‐‑

-­‐‑

-­‐‑
lism.  

estuarine  and  coastal  ecosystem  services.  
-­‐‑
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-­‐‑
ment  supply  and  global  sea-­‐‑level  rise.  

2 4
in  southern  peatlands.  

-­‐‑
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-­‐‑

  

-­‐‑
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Climate  

Change
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-­‐‑
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Reef.  
-­‐‑
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-­‐‑
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Doyle,  T.  2009.   -­‐‑

lina

-­‐‑

agement

Climate

  

-­‐‑

-­‐‑

urban  region.  

2

.  
-­‐‑

of  migratory  faunal  depletion  caused  by  dams.  



262 CLIMATE OF THE SOUTHEAST UNITED STATES

-­‐‑

the  paradigm.  Climatic  Change

ecosystems.  

Climatic  Change

nitrogen  losses  from  an  oligohaline  estuarine  sediment.  

-­‐‑

Coastal  Plain  streams  in  Georgia.  

-­‐‑
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on  coastal  dune  ecosystems  in  open  ocean  islands.  

-­‐‑
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change  for  invasive  species.  
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Climate  Change
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-­‐‑

gradients.  

-­‐‑
sity  enhances  surface  accretion,  surface  elevation  change,  and  tree  survival  in  coastal  areas  
susceptible  to  sea-­‐‑level  rise.  
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2  stimu-­‐‑
lates  marsh  elevation  gain,  counterbalancing  sea-­‐‑level  rise.   -­‐‑
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nitrogen-­‐‑induced  plant  species  shift.  

-­‐‑

  31  

biotic  controls  on  change  in  soil  elevation.  

-­‐‑

based  on  GCM  and  regional  model  simulations.  Climatic  Change

-­‐‑
dictions.  In  



The Effects of Climate Change on Natural Ecosystems of the Southeast USA                265

,  ed.  S.  Solomin,  D.  

-­‐‑
-­‐‑

-­‐‑

interpretation.  

Climatic  Change

Climatic  

Change

-­‐‑
tion,  sea-­‐‑level  rise,  and  biomass  production  on  near-­‐‑surface  marsh  stratigraphy  and  carbon  
accumulation.  

the  IPCC  regional  assessment  of  vulnerability  for  North  America.  

-­‐‑

-­‐‑

-­‐‑
trusion  and  altered  hydrology.  

-­‐‑
pacts.  In  



266 CLIMATE OF THE SOUTHEAST UNITED STATES

-­‐‑
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management  implications  of  climate  change  for  the  Everglades.  
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2 -­‐‑
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-­‐‑

ics  by  dams  and  global  biodiversity  implications.   -­‐‑

and  its  relevance  to  interannual  variability  of  trace  atmospheric  greenhouse  gases.  
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2

American  Recovery  and  Reinvestment  Act.

Key Findings

   2  emissions,  
2  than  any  other  region  of  

the  National  Climate  Assessment.  The  largest  source  of  emissions  is  generation  

   2 -­‐‑
tration  in  soils  and  plant  biomass.  The  average  annual  carbon  storage  in  natural  

development  pressures  is  a  critical  issue  for  climate  change  mitigation  in  the  SE.
  

  

in  part  due  to  a  provision  of  the  2009  American  Recovery  and  Reinvestment  Act  

  

there  are  several  SE  states  that   lead  in  energy  conservation  for  the  region  and  

11  states  for  total  numbers  of  Leadership  in  Energy  and  Environmental  Design  
projects.

   Many  corporations  and  in  the  SE  are  developing  and  instituting  sustainability  
plans  that  include  provisions  to  reduce  their  overall  direct  and  indirect  impacts  

-­‐‑

12.1 Definitions

Climate  change  mitigation  refers  to  activities  that  avoid  or  decrease  the  release  of  
-­‐‑

-­‐‑

purposes  of  this  chapter,  the  Southeast  is  comprised  of  Louisiana,  Alabama,  Missis-­‐‑
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presented  are  focused  on  the  11  continental  states.  

12.2 Greenhouse Gas Emissions and Sinks in the Southeast 

-­‐‑
  

-­‐‑
2

Greenhouse Gas Emissions

2

  A  more  
-­‐‑

  
Among  the  southeastern  states,  all  but  Louisiana  produce  the  greatest  share  of  their  

2 -­‐‑

2  

Regional Trajectory for GHG Emissions 

their  state,  including  an  inventory  of  emissions  and  projections  of  emissions  into  the  

2  emission  

4

2e,  a  measure  used  

2
-­‐‑



274 CLIMATE OF THE SOUTHEAST UNITED STATES

-­‐‑

emissions  estimates.  The  source  document  for  each  state  should  be  consulted  to  evalu-­‐‑

Carbon Sinks

2 2

2 2  
2  after  year  three,  and  so  on,  until  it  reaches  some  internal  satu-­‐‑

2

Figure 12.1   Total CO2 emissions from combustion by sector by National Climate Assessment region 
(2009).
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-­‐‑

high  level  of  crop  production.

Figure 12.2   Total CO2 emissions from combustion by sector in Southeast USA.
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Table 12.1 Greenhouse Gas Inventory and Reference Case Projections (1990-2030).

MMtCO2e 1990 2000 2005 2010 2015 2020 2025 2030

*

101.3   114.2    

424.9  

232.3  

North  
Carolina

South  
Carolina

102.2  

93.4  

230.9   309.4  

210.1   240.2  

North  
Carolina 112  

South  
Carolina 34.0   94.1  

*  

  
                                Strait  et  al.  2010
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-­‐‑

the  NCA  SE  could  be  located.

-­‐‑
tions  in  precipitation  and  drought  in  the  region.  The  mean  regional  NEP  is  about  0.3  

Table 12.2 Total Terrestrial Carbon (C) Storage in the Southeast.

State Soil  Organic  C Biomass  C Total  Terrestrial  C

Forest Crop* Pasture*

Tg  C Tg  C Tg  C Tg  C Tg  C

Alabama 1.3 1.3

22 2.9 1,321

0.3

Georgia 1,232

Louisiana 1,100

Mississippi 1.3

North  Carolina

South  Carolina 1.9

Tenessee

3.2

Total 11,215 4,186 63.8 18.9 15,483.7

*  
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12.3 GHG Emission Reduction Activities 

-­‐‑

clean  energy  policy  and  technology  solutions  that  deliver  important  environmental  and  

Transportation

2  emissions.  

Table 12.3 Annual Terrestrial Biomass C Sinks in the Southeast.

State Biomass  C          (Tg  C/year) Total  Terrestrial  C  as  Biomass  (Tg  C/year)

Forest Crop Pasture

Tg  C Tg  C Tg  C Tg  C

Alabama 1.3 1.3 11.3

22 2.9 31.4

0.3

Georgia 11

Louisiana

Mississippi 1.3

North  Carolina

South  Carolina 1.9

Tenessee 4.3 14.2

3.2

Total 68.1 63.8 18.9 150.8
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-­‐‑

2

Figure 12.3   Mean annual net ecosystem exchange (NEE) for the Southeastern USA for the period 
2001 to 2006. Units are gCm-2 yr-1. Positive values indicate carbon release, and negative values indicate 
carbon uptake (croplands, urban areas, water bodies, and non-vegetated areas excluded).
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Energy Efficiency in Buildings and Manufacturing 

various  end-­‐‑use  sectors,  including  residential,  commercial,  and  industrial.  Innovative,  

2  

depends  on  the  temporal  boundary  of  cost  analysis  and  the  useful  life  of  the  particular  

-­‐‑
ronmental,  and  energy  security  by  supporting  
local  actions  to  reduce  petroleum  consumption  

participate  in  the  program.

Cities  Coalition  is  to  advance  the  energy,  eco-­‐‑

through  government-­‐‑industry  partnerships  that  
contribute  to  the  reduction  of  petroleum  con-­‐‑
sumption  in  the  transportation  sector.

•  
•  
•  
•  
•  

-­‐‑

Case Study: Arkansas Clean Cities Coalition
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-­‐‑

technologies  and  environmentally-­‐‑responsible  products.  The  General  Services  Admin-­‐‑

Although  some  states  in  the  SE  have  already  adopted  fairly  progressive  energy  

Figure 12.4   2011 ACEEE energy efficiency scorecard rankings.
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-­‐‑

states  receiving  ARRA  funds  to  adopt  updated  energy  codes.  According  to  the  ACEEE  

promising  technology  to  introduce  the  use  of  
electricity  as  a  transportation  fuel  is  through  the  

The  Natural  Resource  Defense  Council  

-­‐‑

production  of  motor  fuels  to  their  consumption  

-­‐‑

-­‐‑
sions  in  each  region  of  the  country.    

-­‐‑

may  bring  an  unusually  high  burden  to  areas  

demand.  In  particular,  transformers  serving  

the  simultaneous  charging  of  multiple  vehicles.  

these  and  other  issues.  

-­‐‑

-­‐‑

-­‐‑

Achieving  Energy  Security.  November  2010.  
-­‐‑

Case Study: Beneficial Electrification of Motors and Vehicles
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The  study  found  that  policies  promoting  process  improvements,  utility  plant  up-­‐‑

2

-­‐‑
-­‐‑

decrease  energy  costs,  and  decrease  greenhouse  
gas  emissions.

According  to  the  Energy  Information  Ad-­‐‑

49%  of  industrial  energy  consumption  occurs  in  

technology  to  help  reduce  this  level  of  consump-­‐‑

chemicals,  food  processing,  and  pulp  and  paper  
-­‐‑

east,  a  number  of  small  applications  have  been  
added  in  the  past  ten  years.  The  Southeast  is  also  
home  to  four  large-­‐‑scale  natural  gas  combined  

and  South  Carolina.  

Progressive  policies  that  promote  environ-­‐‑

analyses  of  output-­‐‑based  regulations  and  portfo-­‐‑

potential  to  avoid  tens  of  millions  of  tonnes  of  

of  energy,  and  provide  billions  of  dollars  of  net  

-­‐‑

no  Southeastern  state  has  output-­‐‑based  regula-­‐‑

public  service  commission-­‐‑established  energy  

Case Study: Combined Heat and Power (CHP)
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-­‐‑

Renewable Portfolio Standards

-­‐‑

-­‐‑

corporations  and  municipalities  that  sell  electric  

-­‐‑

-­‐‑

Case Study: North Carolina RPS



Mitigation of Greenhouse Gases in the Southeast USA               285

-­‐‑

-­‐‑
ing  SE  states  have  not  established  either  a  mandatory  or  voluntary  RPS.  Additional  

-­‐‑

Carbon Capture and Storage 

2  before  
2  into  the  atmo-­‐‑

2  emissions  from  station-­‐‑
-­‐‑

2

Gainesville  joined  the  International  Council  for  

for  Climate  Protection  Campaign  in  2002.  Three  
years  later,  the  community  joined  cities  across  the  

target  in  2013.
-­‐‑

customers  in  Gainesville  and  surrounding  areas  

telecommunications  services.

reduce  carbon  emissions  include  monitoring  and  
-­‐‑

for  solar  electricity.

-­‐‑

-­‐‑

Case Study: The City of Gainesville, FL
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-­‐‑
tion  of  fuel  that  must  be  used  to  run  the  CCS  process.  A  recent  study  found  that  the  

-­‐‑

formations,  oil  and  gas  reservoirs,  coal  areas  that  cannot  be  mined,  organic-­‐‑rich  shales,  

global  collaborations.  The  primary  component  of  the  infrastructure  element  is  the  Re-­‐‑
-­‐‑

Figure 12.5  Southeast Regional Carbon Sequestration Partnership (SEACARB) map showing deep 
saline formations with CO2 storage potential.
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solar  photovoltaics  and  methane  gas  collection.

a  geomembrane  cover  being  used  to  close  a  sec-­‐‑

panels  on  10  acres.  The  plant  generates  more  than  

enough  to  meet  the  needs  of  224  homes.  The  

disposal  facility  and  further  reducing  greenhouse  
gas  emissions  to  the  atmosphere.  

-­‐‑

Case Study: Hickory Ridge Landfill

-­‐‑
-­‐‑

Photo courtesy of the Georgia Environmental Finance Authority.
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Table  12.4.  

-­‐‑
-­‐‑

2  pipelines  to  storage  areas,  enhanced  oil  
recovery,  and  other  commercial  uses,  monitor  federal  and  state  regulatory  and  legisla-­‐‑
tive  activities,  and  support  local,  regional,  national,  and  international  education  and  

Sustainability Plans

-­‐‑

cities  are  developing  and  instituting  plans  to  reduce  their  overall  direct  and  indirect  

-­‐‑
ability  plans.  

A  number  of  SE  cities  have  also  developed  sustainability  plans  to  help  save  energy  

-­‐‑

-­‐‑
ties,  through  its  Green  Government  Initiative,  also  provides  assistance  to  cities  and  
counties  through  seminars,  best  practices,  modeling,  and  analytical  tools  to  increase  

-­‐‑

-­‐‑
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-­‐‑

Table 12.4 Estimates of CO2 Storage Capacity in the SECARB Region.

State
CO2  Sources    

(Million  Metric  Tons)
CO2  Storage  Resource    
(Million  Metric  Tons) Years  Storage**

Total Oil  and  
Gas

Coal  and  
Shale* Saline* Total

AL 344 1,944 12,900 190

AR 4,304 20,229

143 109

GA 90       4,909 4,909

KY 94 14 400

LA 102

MS 34 399

NC      

SC 40       49

TN      

10 231 400 9

     

Total 807 25,661 32,918 714,164 772,743   

*

  **
2 2
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-­‐‑

-­‐‑
-­‐‑

broader  community,  have  created  an  environmental  and  sustainability  studies  minor,  

-­‐‑

Additional  activities.  In  addition  to  the  activities  discussed  above,  a  number  of  addi-­‐‑

-­‐‑

12.4 Research Needs and Uncertainties 

blends  and  biodiesel,  the  resulting  changes  and  impacts  of  radiative  forcing  agents  
-­‐‑

ate  on  a  three-­‐‑year  cycle  the  current  and  potential  future  environmental  and  resource  

-­‐‑

•  
•  
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•  
•   Strategic  energy  analysis
•   Carbon  capture  and  storage
•  
•   -­‐‑

tion  end-­‐‑use  sectors
•  
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-­‐‑

-­‐‑

-­‐‑
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-­‐‑

represent  adaptation  activity  in  the  SE.

to  bring  climate  change  adaptation  strategies  and  methods  into  mainstream  activities  
often  are  done  through  projects  that  focus  on  resilience  and  sustainability.  The  adapta-­‐‑

-­‐‑

adaptation  planning  and  implementation,  the  authors  anticipate  a  shift  in  activities  

Key Findings

   -­‐‑

involvement,   the   diversity   of   entities   involved,   and   integration   of   adaptation  
into  other  planning  processes.  

   Adaptation  activities  cross  all  scales  of  planning  from  nongovernmental  organi-­‐‑

  

   -­‐‑
sent  ongoing  activities,   the  present   focus  of  adaptation   in   the  SE   is  on   identi-­‐‑
fying  relevant  climate  impacts  and  building  partnerships  to  foster  coordinated  
responses  and  sharing  of  resources.  These  partnerships  foster  additional  aspects  
of  adaptive  capacity.  
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   -­‐‑
ability  assessment  are  mostly  focused  on  sea  level  rise  and  severe  storm  threats  
facing  coastal  areas  and  communities.  

  
and  uncertainty  are  limited.

  
guide  adaptation  planning.

13.1 Definition of Adaptation 

-­‐‑
  Questions  that  lead  to  an  understanding  of  the  adaptation  

-­‐‑

•  

•   -­‐‑

•  

•  
•  

-­‐‑

developing  an  understanding  of  current  and  future  climate  changes  related  to  the  

implementing  strategies,  monitoring  outcomes,  and  re-­‐‑evaluating  those  analyses  and  
-­‐‑



298 CLIMATE OF THE SOUTHEAST UNITED STATES

-­‐‑

thinner  and  that  of  conceptual  contributions  and  insights  garnered  from  related  or  

several  studies  have  considered  potential  losses  to  SLR,  there  is  less  consideration  of  

-­‐‑

1. Identify current and

future climate changes

relevant to the system

2. Assess the

vulnerabilities and risk

to the system

3. Develop an adaptation

strategy using risk-based

prioritization schemes

5. Implement adaptation

options

4. Identify opportunities

for co-benefits and

synergies across sectors

6. Monitor and

reeveluate implemented

adaptation options

Figure 13.1  Adaptation planning is envisioned as a cyclical, iterative process incorporating these six 
steps (NRC 2010a).
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-­‐‑

stresses.  In  the  SE,  mainstreaming  might  include  strategies  that  address  population  
-­‐‑

-­‐‑

13.2 Major Stresses on the Southeast 

The  Southeast  is  vulnerable  to  a  number  of  direct  and  indirect  impacts  from  the  current  

-­‐‑

Population Growth 

-­‐‑

Residential  and  business  development  has  typically  increased  populations  in  coastal  
-­‐‑

-­‐‑

Research  on  land  use  planning  along  the  Atlantic  coast  indicates  that  many  state  and  
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Tourism 

-­‐‑

combination  of  permanent  and  seasonal  populations  along  the  coastline.  Such  invest-­‐‑

-­‐‑
teristics  of  the  most  populated  coastal  areas.  The  majority  of  Atlantic  coastline  areas  that  

Table 13.1 Intensity of Development of Land along Atlantic Coast (USA) Land within 1m  
                 above High Water.

Likelihood  of  shore  protectiona

Percent  of  dry  land,  by  land  use  typeb Area

State
Developed  
(%)

Intermediate  
(%)

Undeveloped  
(%)

Conservation  
(%)

Dry  land  
(km2)

Non-­‐‑tidal  
Wetlands  
(km2)

Tidal  
Wetlands  
(km2)

MA 29 22 23 110 24

RI 11 1 29

CT 30 2

NY 4 10 149

12

PA 49 21 4 24 3

DE 23 24 32

MD 19 9 449 122

DC 14 0 4 0 1

39 22 32

NC 14 3

SC 21 41 10 341 2229

GA 23 34 133 349

10 12 13 3213

Total 42 15 33 9 4665 6314 12882

a   
  

b   
    Percentages  may  not  add  up  to  100%  due  to  rounding
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-­‐‑
ture  and  employment  tied  to  coastal  tourism  could  hinder  the  ability  to  adapt  rapidly  to  

Sea Level Rise and Land Subsidence 

-­‐‑

SLR.  Additionally,  many  areas  are  prone  to  land  subsidence  due  to  the  presence  of  

investigation  to  identify  adaptation  activities  

summary  is  based  on  a  compilation  of  adaptation  

-­‐‑

from  researchers  contributing  to  the  South-­‐‑
eastern  Region  Technical  Input  to  the  National  
Climate  Assessment,  and  additional  research  
conducted  by  Regional  Integrated  Sciences  and  
Assessments  teams  in  the  Southeast.  The  types  of  
documents  represented  included  planning  docu-­‐‑

body  of  information  represents  the  triangula-­‐‑

mentioned  above.  The  cases  presented  represent  

or  manufacturing  businesses.  A  second  reason  

planned  rather  than  autonomous  forms  of  ad-­‐‑

-­‐‑
versies  is  a  potential  source  of  under  representing  
of  adaptation  activities  in  the  Southeast.  Research  
by  Carolinas  Integrated  Sciences  Assessments  

-­‐‑
-­‐‑

they  consciously  avoid  publicly  identifying  these  
activities  as  adaptation  actions  in  order  to  avoid  
political  controversy  around  climate  change.  

-­‐‑

Box 13.1

Process for Identifying Adaptation Activities in the Southeast
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and  future  sea  level  rise.  In  some  cases,  subsidence  is  the  primary  cause  of  relative  

-­‐‑

-­‐‑

  

Drought and Water Supply 

13.3 Adaptation in the Southeast

-­‐‑

information  is  an  indicative,  rather  than  comprehensive,  summary  of  overall  trends  in  
the  Southeast.
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-­‐‑

-­‐‑
port  the  development  of  adaptive  capacity  in  the  region  by  developing  educational  

researchers  and  practitioners  that  are  applicable  to  the  southeast  region.  This  section  

Step 1: Identify Current and Future Climate Changes Relevant to the System

-­‐‑

sessions  held  along  the  Albemarle  Sound  elicited  concerns  of  residents  about  climate  

-­‐‑

-­‐‑

have  been  recommended  to  start  adaptation  planning  as  part  of  their  comprehensive  

Greensboro,  NC.  Since  the  time  of  that  study,  Greensboro,  NC  has  integrated  climate  
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less  than  1%  reported  having  participated  in  community  discussions,  state,  or  federal  
climate  change.  Since  the  time  of  that  study,  other  initiatives,  including  the  Southeast  

this  area.  

Step 2: Assess the Vulnerabilities and Risk to the System

adaptation  processes.  Multi-­‐‑sectoral  vulnerability  analyses  to  inform  adaptation  are  un-­‐‑

-­‐‑

Master  Plan  to  incorporate  both  planning  and  action-­‐‑ready  projects  that  among  other  
-­‐‑

understanding  of  local  SLR  scenarios  to  underpin  developing  adaptation  plans.  
-­‐‑

-­‐‑

illustrates  a  case-­‐‑based  approach  designed  to  inform  a  broader  vulnerability  assess-­‐‑
ment  of  military  facilities  in  the  SE  to  be  conducted  in  the  future.  NASA  is  assessing  

-­‐‑

,  North  Carolina  Department  

Council.  
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It  is  developing  a  comprehensive  climate  change  vulnerability  assessment  and  recom-­‐‑
mended  adaptation  strategies  for  Puerto  Rico.  The  project  supported  the  establishment  

-­‐‑

•  

•  
policies  that  could  be  implemented  in  Puerto  Rico.  

•  
civil  society,  the  media,  and  the  private  sector.  

•  
change  adaptation,  and  mitigation.

documents  related  to  climate  change  and  the  Caribbean  and  they  have  established  a  
PR-­‐‑CC-­‐‑Listserv  for  announcements  and  sharing  of  relevant  publications.  

-­‐‑

-­‐‑

-­‐‑

Change  Action  Plan,  including  both  mitigation  and  adaptation  strategies.  

-­‐‑

for  the  cooperating  counties.
There  are  numerous  successes  as  a  result  of  the  Compact  in  the  areas  of  governance,  

implement  special  policies  for  areas  that  are  particularly  vulnerable  to  SLR  and  coastal  



306 CLIMATE OF THE SOUTHEAST UNITED STATES

-­‐‑

of  future  trends  for  longer  term  and  large  scale  investments  in  the  region.

missions,  built  infrastructure,  and  natural  ecosystems  on  military  lands.  The  2010  Qua-­‐‑

complete  a  comprehensive  assessment  of  all  installations  to  assess  the  potential  impacts  

-­‐‑

-­‐‑
tion  planning  for  climate  change.  Current  adaptation  research  and  planning  initiatives  
for  the  SE  NCA  region  are  administered  by  the  DoD  Strategic  Environmental  Research  

-­‐‑

  

The  National  Aero-­‐‑

concern  in  the  SE.  As  a  proactive  measure,  NASA  has  implemented  a  Climate  Adapta-­‐‑

and  vulnerability  to  climate  change,  and  developing  adaptation  measures  and  plans  for  

-­‐‑
age  temperature,  average  precipitation,  SLR,  SLR  under  a  rapid  ice  melt  scenario,  days  

Given  these  projections,  each  Center  is  developing  plans  for  implementation  of  ad-­‐‑

are  conducting  research  under  the  aegis  of  CASI  that  further  elucidates  the  potential  
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constructing  adaptation  strategies.  

The  Southeast  Regional  Assessment  

climate  change  and  inform  natural  resource  managers  on  strategies  for  conserving  

ecological,  and  socioeconomic  processes  to  aid  the  development  of  robust  adaptation  
strategies.  Improving  the  robustness  of  decisions  is  primarily  achieved  by  identifying  

are  more  robust  to  a  range  of  future  climatic  changes.  

inputs  to  ecological  process  models.  Avian  range  dynamics  are  being  developed  for  the  

-­‐‑

-­‐‑

and  managers  to  plan  for  the  potential  impacts  of  climate  and  landscape  changes  using  
strategic  habitat  conservation  and  a  process  of  adaptive  management.

North  Carolina  Sea  Level  Rise  Risk  Management  Study  and  iRisk  Tool  for  the  Inte-­‐‑
grated  Hazard  Risk  Management.  

-­‐‑
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-­‐‑

-­‐‑

-­‐‑

on  collecting  asset  information  for  buildings  and  other  critical  infrastructure  at  the  

help  save  lives,  decrease  property  damage,  and  improve  resiliency  to  natural  disasters.  
-­‐‑

ning  approach  and  the  associated  computer-­‐‑based  tools,  including  Durham,  Edge-­‐‑

Step 3: Develop an Adaptation Strategy Using Risk-based Prioritization Schemes

-­‐‑
These  include  the  com-­‐‑

-­‐‑

  suggests  

-­‐‑
-­‐‑

impacts  of  climate  stability,  sea  level,  hydrology,  geomorphology,  natural  habitats  and  
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species,  land  use  changes,  economy,  human  health,  human  infrastructure,  and  variable  
-­‐‑

-­‐‑

-­‐‑

SLR,  more  intense  coastal  storms,  and  changes  in  precipitation.  

-­‐‑
-­‐‑

-­‐‑

and  a  monitoring  plan  for  estuarine  systems.  Indian  River  Lagoon  NEP  and  the  City  

-­‐‑

Climate  Ready  Estuaries.   -­‐‑
ronmental  Protection  Agency  is  a  partnership  among  the  National  Estuary  Programs  

-­‐‑
-­‐‑

providing  tools  and  assistance  to  assess  climate  change  vulnerability  and  to  plan  for  
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public  outreach  and  participation  in  updates  to  local  comprehensive  plans  to  integrate  

SLR  visu-­‐‑
tips  

and  early  lessons. focused  on  
-­‐‑

ing  resiliency  into  habitat  restoration  and  protection  plans  to  communities  around  the  

-­‐‑

agencies,  military  programs,  businesses,  and  faith  communities  to  address  these  issues  

  The  Climate  Change  Adapta-­‐‑
tion  Inventory  is  a  compilation  of  climate  adaptation  activities  and  research  initiatives  

-­‐‑
mate  change  or  SLR.  Research  activities  captured  by  the  inventory  are  limited  to  those  
projects  that  have  applications  to  coastal  communities,  particularly  planning  and  devel-­‐‑
opment,  land  management,  and  socioeconomic  initiatives.  Currently  available  online  as  
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-­‐‑

-­‐‑
  of  the  forest.  Pe-­‐‑

riodically,  these  management  plans  are  re-­‐‑evaluated  to  see  if  desired  future  conditions  

-­‐‑

-­‐‑

-­‐‑
cludes  the  forest  plan,  potential  climate  change  impacts  and  management  options.  

Estuary.  Adaptation  to  climate  change  along  the  North  Carolina  coast  is  the  focus  of  an  
interagency  pilot  project  to  build  resilience  into  the  natural  landscape,  integrate  part-­‐‑

-­‐‑
-­‐‑

source  mission  responsibilities.  The  SENRLG  Landscape  Conservation  and  Restoration  

-­‐‑
novative  approach  to  address  environmental  challenges  in  long-­‐‑term  natural  resource  
protection.  The  outcomes  of  the  LCRPP  are  designed  to  demonstrate  that  collaborative,  

-­‐‑
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•  
that  promote  resilience  of  the  landscape  and  improved  capacity  to  adapt  to  cli-­‐‑

•  
through  targeted  funding  of  restoration  and  conservation  projects.  

•   -­‐‑

•  
-­‐‑

aptation.  The  TRIP  pro
partnerships  across  the  SE.

Step 4: Identify Opportunities for Co-benefits and Synergies Across Sectors 

order  to  inform  adaptation  strategies.  Some  vulnerability  assessment  and  adapta-­‐‑

at  helping  governments  assess  the  economic  value  of  adaptation  is  available  that  

-­‐‑

The  North  Carolina  
-­‐‑

Carolina  state  agencies  include  Departments  of  Transportation,  Environment  and  
Natural  Resources,  Commerce,  Cultural  Resources,  and  Agriculture  and  Consumer  

-­‐‑

-­‐‑
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across  sectors  and  regions  of  the  state.

-­‐‑

•  
•   Promote  comprehensive  adaptation  planning  among  state  agencies.
•  

•  
•   Encourage  broad  collaboration  and  partnerships  to  leverage  resources.
•  

Steps 5 and 6: Implement, Monitor, and Re-evaluate Implemented  
Adaptation Options 

The  implementation,  monitoring,  and  regular  re-­‐‑evaluation  of  adaptation  options  are  
steps  of  adaptive  management  strategies  incorporated  into  climate  adaptation  recom-­‐‑

of  uncertainty.  In  practice,  the  process  of  adaptive  management  confronts  several  

-­‐‑

The  Alligator  

-­‐‑

•  
-­‐‑

tat  for  a  variety  of  species.
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•  

•   -­‐‑

habitat  loss.  

In  addition,  the  project  aims  to  establish  migration  corridors  for  species  to  move  

Plain  refuges.

13.4 Supporting Adaptive Capacity 

-­‐‑
panding  set  of  programs  and  centers  that  support  adaption  planning  at  all  stages.  The  

climate  of  the  SE,  to  development  of  climate  datasets,  geospatial  datasets,  and  analysis  

-­‐‑
oping  programs  in  the  region.

Climate Ready Estuaries (www.epa.gov/cre/live.html) 

-­‐‑

provides  resources  and  tools  important  to  monitor  changes,  and  material  to  support  
development  of  adaptation  plans  for  coastal  communities  and  their  related  estuaries.

Climate Science Centers (www.doi.gov/csc/southeast/index.cfm) 

adapt  to  a  changing  climate.



Climate Adaptations in the Southeast USA                315

CSC: Coastal Services Center (www.csc.noaa.gov) 

responsible  for  coastal  resource  management  by  providing  technology,  information,  

-­‐‑
-­‐‑

mation,  people,  and  technology.

National Estuarine Research Reserves (NERRs) (www.nerrs.noaa.gov; 
gulfalliancetraining.org) 

There  are  10   -­‐‑
serves  are  living  laboratories  to  investigate  coastal  concerns,  including  climate  change  
and  building  resilience.   -­‐‑

-­‐‑

Regional Integrated Science Assessment (RISA), National Oceanic and 
Atmospheric Administration (NOAA) 

There  are  three  RISA  teams  serving  the  SE.

•   CISA:  Carolinas  Integrated  Science  and  Assessments   (www.cisa.sc.edu).
-­‐‑

ity,  range,  relevance,  and  accessibility  of  climate  information  that  is  used  for  re-­‐‑

methods  of  providing  climate  data,  science,  and  education.
•   SCIPP:  Southern  Climate  Impacts  Planning  Program  (www.southernclimate.
org).  The  SCIPP  focus  is  on  research,  education,  and  tool  development  around  

and  Mississippi.
•   SECC:   Southeast   Climate   Consortium   (www.seclimate.org).   The   Southeast  

-­‐‑

-­‐‑
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-­‐‑
mate  information  at  the  county  level  that  is  valuable  to  many  other  sectors.

•   Sea   Grant   Programs   (www.seagrant.noaa.gov).   There   are   32   Sea   Grant   Pro-­‐‑

-­‐‑

developing  a  variety  of  outreach,  education,  and  tools  that  focus  on  building  re-­‐‑

are  many  tools  and  educational  resources  developed  and  in  process  through  the  
various  Sea  Grant  programs.  

13.5 Summary 

-­‐‑

numbers  and  diversity  of  groups  involved,  the  mainstreaming  of  adaptation  planning,  

-­‐‑

coordinated  response  of  the  authorities  and  resources.  
-­‐‑
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continue  to  be  essential  in  addressing  the  climate  change  needs  facing  the  Southeast  

as  practitioners,  provides  an  introduction  and  details  for  planning,  delivering,  and  
evaluating  climate  change  programs.  

-­‐‑
ing  the  best  available  science  delivered  by  credible  and  trusted  educators  is  critical  for  
successful  implementation  of  mitigation  and  adaptation  strategies.    

other  to  craft  simple,  clear,  and  consistent  messages  necessary  to  build  trust  and  en-­‐‑

-­‐‑

student  grade  levels.  Programs  also  need  to  be  established  for  state  and  local  govern-­‐‑

-­‐‑

-­‐‑

to  build  stronger  climate  change  education  programs  in  the  SE.  

Key Findings

  
  

education.
  
  
  

programs  for  both  groups.
   -­‐‑

tional  design  models.
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   -­‐‑

   Trust  has  to  be  established  over  time.
  

  
audiences.

14.1 Why Climate Education is an Essential Part of  
Climate Science

-­‐‑

-­‐‑
portion  of  the  population  to  change  their  behavior  and  support  critical  mitigation  and  

-­‐‑

change  depends  largely  upon  internal  factors  such  as  personal  insight,  commitment,  

  

-­‐‑

-­‐‑
tions  are  useful  in  developing  programs  to  educate  people  about  climate  and  corre-­‐‑

1.  
2.  
3.  
4.  

-­‐‑
munication  format,  at  the  right  time  to  the  right  audience.
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Research  on  the  various  interpretations  of  and  responses  to  a  changing  climate  

along  a  continuum  of  acceptance  of  the  reality  and  critical  nature  of  a  changing  climate.  

great  deal  of  public  uncertainty  on  the  issue  of  a  changing  climate.  Many  members  of  

-­‐‑

-­‐‑
ure  of  scientists  to  craft  simple,  clear,  and  consistent  messages  and  repeat  them  often  

-­‐‑

1.  

2.  
3.  
4.  

In  addition,  many  members  of  the  public  believe  there  is  still  major  disagreement  

-­‐‑
mate  scientists  are  convinced  that  human  induced  activities  are  responsible  for  recently  

14.2 A Starting Point for Climate Education: Climate  
versus Weather 

-­‐‑

-­‐‑

climate.
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14.3 Context for Climate Extension, Outreach, Education,  
and Training 

audiences  described  later  in  this  chapter.  Practitioners  of  climate  education  programs  
-­‐‑

•   -­‐‑

•  

•   -­‐‑

•   -­‐‑
ior,  the  condition  and  criteria.  The  component  of  an  objective  that  describes  the  

•  

•  
learner  participation,  assessment.

•   Develop  and  Select  Instructional  Materials.
•   -­‐‑

tify  areas  of  the  instructional  materials  that  are  in  need  of  improvement.
•  
•   Design  and  Conduct  Summative  Evaluation.

Three Classifications of Education 

1.   Formal   education

2.   Nonformal  education  is  any  intentional  and  systematic  educational  enterprise,  

-­‐‑
-­‐‑

ibility  than  formal  education.  
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3.   Informal  education -­‐‑

-­‐‑

opportunities.

Adult  education  often  uses  nonformal  methods,  as  does  youth  education  is  some  
-­‐‑
-­‐‑

-­‐‑

1.   Adults  are  autonomous  and  self-­‐‑directed.  They  need  to  be  free  to  direct  them-­‐‑
selves.   Their   teachers  must   actively   involve   adult   participants   in   the   learning  

-­‐‑

-­‐‑
sponsibility  for  presentations  and  group  leadership.  Teachers  should  act  as  fa-­‐‑

2.  

relevant  to  the  topic.  Teachers  must  relate  theories  and  concepts  to  the  partici-­‐‑

3.  

course.
4.   Adults  are  relevancy-­‐‑oriented.  They  must  see  a  reason  for  learning  something.  

-­‐‑
ue  to  them.  Therefore,  instructors  must  identify  objectives  for  adult  participants  
before  the  course  begins.  This  need  for  relevance  also  means  that  theories  and  

Adults  are  practical,  focusing  on  the  aspects  of  a  lesson  most  useful  to  them  in  
-­‐‑

the  job.
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-­‐‑
-­‐‑

Engagement in the Climate Discussion

-­‐‑
-­‐‑

-­‐‑

1.  

2.  

3.   -­‐‑
sis  that  informs  constituents  about  important  and  controversial  issues  in  a  fac-­‐‑

4.   -­‐‑
-­‐‑

EOET and Downscaling of Climate Information
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-­‐‑

-­‐‑

-­‐‑

in  south  Louisiana  or  a  beachfront  community  in  North  Carolina.

Who are the Current Audiences?

-­‐‑
ences,  including  focus  on  the  general  public,  industry,  governmental  planners,  and  
resources  managers.  

-­‐‑

planning.  The  study  results  are  useful  in  planning  climate  information  needs  because  

-­‐‑

include  maps  of  projected  relative  sea  level  rise  overlaying  vulnerable  infrastructure  
and  neighborhoods.

Another  important  audience  is  K-­‐‑12  teachers  and  their  students.  Improving  climate  
literacy  in  K-­‐‑12  education  programs  lays  the  foundation  for  long-­‐‑term  improvements  in  
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1.  

2.   -­‐‑

3.  
4.  

What Is Success and How Should It Be Measured

Climate  change  education  programs  must  be  evaluated  in  order  to  be  responsive  to  and  

-­‐‑

The  purpose  of  formative  evaluation  is  to  validate  or  ensure  that  the  instruction  
-­‐‑

education  programs  should  undergo  a  formative  evaluation  to  determine  age-­‐‑appro-­‐‑

as  audience  accessibility.  The  return  on  the  instructional  investment  should  be  calcu-­‐‑
lated  during  the  formative  stage  of  the  program.

are  due  to  the  instruction.  In  practice  a  post-­‐‑test  only  design  is  common  but  is  only  use-­‐‑
-­‐‑

ing  the  instruction  and  the  control  group  not  receiving  the  instruction.
Implementation  of  adaptation  plans,  changes  in  behavior,  policy  changes,  and  

climate  education  programs.  Resiliency  and  adaptation  to  climate  change  and  ocean  

communities  to  reduce  vulnerability  to  sea  level  rise  based  on  climate  change  projec-­‐‑

-­‐‑
municate  the  science  and  adaptation-­‐‑relevant  information  to  practitioners.  

Role of Credible Science in EOET
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set  of  best  practices  that  have  evolved  over  the  past  decade  or  so  for  ensuring  that  sci-­‐‑

-­‐‑

credible,  publicly  legitimate,  and  especially  relevant  to  policy  and  management  deci-­‐‑
-­‐‑

-­‐‑

Trust, Risk, and Credible Science Climate Education and Communication

-­‐‑
-­‐‑

provided.  In  order  to  ensure  a  transparent,  traceable  account  of  recommended  actions,  
-­‐‑
-­‐‑

tion  to  implementation  of  mitigation  of  or  adaptation  to  climate  change  impacts.

-­‐‑

-­‐‑

-­‐‑

can  sharply  increase  trust  through  the  establishment  of  a  similar  value  system  among  
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average  American  adult,  regardless  of  age,  income,  or  education,  generally  does  not  

-­‐‑

Needs Based Content

-­‐‑
-­‐‑

1.   Establish  climate  education  inventories  that  can  be  used  to  develop  an  inventory  
of  plans,  lessons  learned,  and  best  management  practices.

2.   Establish  a  clear  vocabulary  on  climate  science  that  is  understandable  by  dispa-­‐‑
rate  audiences.

3.   Develop  reliable  and  consistent  information  to  frame  messages.
4.  

Develop  transparent  and  participatory  approaches  to  the  selection  of  materials  
for  educational  programs.
Support  ongoing  information  clearinghouses.

9.   Sustain  mechanisms  for  regional  collaboration.
10.  Address  issues  of  scale.
11.  
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1.   A  broad  range  of   tailored  information  and  tools   is  needed  for   the  diversity  of  

2.  
responsibilities,  competing  priorities,  and  resource  constraints.

3.  

on  any  one  region  or  sector,  and  ensures  the  credibility  and  comprehensiveness  
of  information  and  policy.

-­‐‑

participation  from  partners  and  the  public.  These  partnerships  include  federal,  state,  

groups.

State STEM Education Standards

strong  emphasis  on  STEM  education  often  integrate  science,  technology,  engineering,  

1.  
2.  
3.   Provide  ongoing  and  sustainable  STEM  professional  development.
4.   Encourage  STEM  pre-­‐‑service  teacher  training.

Recruit  and  retain  STEM  teachers.
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-­‐‑
tinuum  of  lifelong  formal  and  informal  education  and  outreach  opportunities  in  ocean,  

14.4 Delivery Methods

Traditional Delivery

their  inception.  Designers  of  these  nonformal  education  programs  understand  the  
need  to  develop  and  adopt  methods  delivery  methods  that  are  most  appropriate  for  

educational  activities.

Role of Media in Climate Education Delivery

programs  are  easily  accessible  and  often  provided  free  through  a  personal  computer,  

-­‐‑

-­‐‑
able  climate  science.
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1.  

2.  
3.  
4.  

14.5 Program Integration

-­‐‑

-­‐‑

-­‐‑
-­‐‑

Mandates

-­‐‑

program.

students,  federal  agencies  have  begun  the  process  of  implementing  programs  and  
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14.6 Barriers to Extension, Outreach, Education, and Training 
Regarding Climate Change

1.  
-­‐‑

2.  
implement  mitigation  and  adaptation  strategies.

3.  

4.   -­‐‑

education  strategies  among  myriad  federal  agencies,  nongovernmental  organi-­‐‑

-­‐‑

the  community  level.  As  a  result,  Culver  et  al.  recommended  case  studies  and  partner-­‐‑
-­‐‑
-­‐‑

14.7 Ongoing Education, Outreach, Extension and  
Training Programs

-­‐‑
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-­‐‑
ventory  of  these  types  of  services.  

-­‐‑
mental  climate  research  from  local  to  global  aspects,  and  provides  solicited  testimony  

Courts  regarding  climate  and  climate  change  issues.  Website:

Animal  Agriculture  and  Climate  Change

changes.  Website:    
climate-­‐‑change

Center  for  Coastal  Ecology

Website:  

CHARM–Community  Health  and  Resource  Management
Addresses  climate  adaptation  issues  through  a  no-­‐‑regrets  approach  of  good  planning  

Website:

Climate  Change  in  the  Gulf  of  Mexico

classroom  or  laboratory  to  help  communicate  these  topics  to  their  students.  Website:  

Climate  Community  of  Practice  in  the  Gulf  of  Mexico
-­‐‑

level  rise  and  other  climate-­‐‑related  issues.  Through  participation  in  the  community,  

change.  Website:
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Climate  Literacy  Education  and  Research

-­‐‑

variety  of  scales.  Website:  

Climate  Resilient  Communities  Program
The  program  goal  is  to  help  local  governments  build  more  resilient  communities,  
through  greater  resilience  of  social,  environmental,  and  economic  systems.  The  pro-­‐‑
gram  aggregates  and  develops  information  needed  for  local  governments  to  under-­‐‑
stand  climate  change,  to  understand  their  vulnerabilities,  to  identify  strategies  ap-­‐‑

verifying  success.  Website:

Georgia  Interfaith  Power  &  Light

Web-­‐‑
site:

Gulf  Coast  Community  Handbook,  Tampa  Bay  Estuary  Program

incorporating  resiliency  into  habitat  restoration  and  protection  plans  to  communities  

contribute  to  climate  change  adaptation  in  the  estuary  by  providing  on-­‐‑the-­‐‑ground  

into  habitat  restoration  and  protection  strategies,  including  a  summary  of  best  prac-­‐‑
tices.  Website:

Kentucky  Climate  Center
-­‐‑

-­‐‑
ing  a  mesonet  to  support  both  operational  and  research  needs.  Website:

King  Tide  Photo  Documentary  Project

-­‐‑

Website:  
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Pine  Integrated  Network:  Education,  Mitigation,  and  Adaptation  project  (PINEMAP)
This  program  conducts  research,  education,  and  outreach  on  climate  change  and  

education  activities  include  a  graduate  course,  an  undergraduate  internship  program,  
-­‐‑

course.  Website:  

Public  Water  Supply  Utilities  Climate  Impacts  Working  Group  (PWSU-­‐‑CIWG)

-­‐‑
-­‐‑

Website:  

Sapelo  Island  National  Estuarine  Research  Reserve  (SINERR)  Coastal    
Training  Program
The  SINERR  Coastal  Training  Program  provides  support  and  information  to  elected  

Web-­‐‑
site:  

Southeast  Climate  Consortium  (SECC)

-­‐‑

and  other  education  and  outreach  programs.  Target  audiences  of  the  SECC  currently  
Websites:  

Southern  Climate  Impacts  Planning  Program  (SCIPP)

Website:  
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outreach  and  education  goals  are  to  increase  public  and  professional  understanding  
of  climate  science,  monitoring,  and  prediction  and  to  build  capacity  for  sectoral  

Website:  
ncsu.edu

Tennessee  Climatological  Service
-­‐‑

Website:

14.8 Conclusions

-­‐‑
-­‐‑

for  K-­‐‑12  education,  higher  education,  state  or  local  governments,  or  for  the  general  
public.  Targeted  programs  are  essential  to  reach  the  desired  program  goals  or  out-­‐‑
comes  including  improving  climate  literacy,  adaptation  strategies,  or  climate-­‐‑friendly  

and  evaluated  against  local,  regional  and  national  climate  program  goals  and  objectives  
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