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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.
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