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Objec&ve$
$
•  Provide$an$introducGon$to$the$climate$of$the$

Southeast$through$a$descripGon$of$weather$and$
climate$extremes.$

•  Examine$weather$and$climate$extremes$in$terms$of$
the$following:$

$
1. Geographic$paKern$of$occurrence$across$the$region.$
2. Variability$and$trends$over$last$50Q100$yrs.$
3. Societal$and$public$health$impacts.$
4. Future$projecGons$



Background$
$

Many$influences:$
•  Dry$vs.$very$moist$air$
•  Very$cold$vs.$very$hot$air$
•  Extratropical$cyclones$(lows)$
•  Tropical$cyclones$
$



Weather4and4climate4extremes4in4the4Southeast4
1.  Flooding$
2.  Droughts$
3.  Extreme$Cold$
4.  Heat$waves$
5.  Heavy$snow$
6.  Ice$storms$
7.  Hurricanes$
8.  Tornadoes$
9.  Severe$Thunderstorms$

A.  High$winds$

•  High$winds$
•  Large$Hail$
•  Cloud$to$ground$lightning$





FataliGes$Due$to$Extreme$Events$in$the$
Southeast$(1995Q2010)$

*95%%from%Hurricane%Katrina%

Source:$NaGonal$Weather$Service$

Ka
tr
in
a$



PrecipitaGon$



5Qyr$running$mean$of$extreme$precipitaGon$index$for$SE$region.$$$
1$day$1$in$5Qyr$events.$5$day$1$in$5Qyr$events$$Constructed$by$K.$Kunkel$

Precipita&on4Extremes$
High$rainfall$rates$!$Flash$flooding:$Property$damage$and$loss$of$life$
Broad$scale$heavy$rainfall$!$High$surface$runoff,$river$flooding:$disease$and$
poor$water$quality$



Heavy$rain$in$early$May$2010$
caused$major$flooding$and$over$
$1.5$billion$in$damage$in$
Nashville,$TN$and$contributed$to$
over$30$deaths$across$TN,$KY,$and$
MS.$

Heavy$rain$with$Hurricane$Floyd$
in$caused$major$flooding$and$over$
$8$billion$in$damage$across$
eastern$NC,$VA$and$porGons$of$
the$NE$U.S.$



Historic4Flooding4along4
the4Mississippi4River4in4

AprilCMay420114
4

$2C44billion4in4damage4



Hydrological4droughts4–$reduced$municipal$water$supplies$
dried$up$wells$in$rural$areas,$poor$water$quality,$algal$blooms$etc$



!

!

Kentucky$CD$3$

Florida$CD$5$



North$Carolina$CD$4$

Alabama$CD$6$



Stream$flow$(red$=$<10th$percenGle)$

20074“Flash4Drought”4
in4the4Southeast4



Temperature$$
Temperature$$anomalies$across$the$SE$region$



Time4series4of4an4index4for4the4occurrence4of4cold4waves4defined4as44Cday4periods4
and47Cday4periods4that4are4colder4than4the4threshold4for4a41CinC54year4recurrence.44
Constructed$by$K.$Kunkel$

Extreme4Cold4Air4Outbreaks4
4!4hypothermia,4morbidity/mortality$



Time4series4of4an4index4for4the4occurrence4of4heat4waves4defined4as44Cday4periods4
(blue)4and47Cday4periods4(red)4that4are4hoYer4than4the4threshold4for4a41CinC54year4
recurrence.4Constructed$by$K.$Kunkel$

Heat4Waves4
Especially4urban4areas4at4night$



Rate4of4ED4visits4(per4capita)4for4
HRI4by4county4from420074to420084
4
Total4Visits:4
Urban 4 411864
Rural 4 414044(+218)4
4
Annual4Visit4Rate4(per4100,000):4
Urban 4 413.04
Rural 4 415.64(+2.6)4

Heat$Waves$
$
! Heat$morbidity$and$mortality$
! High$energy$cost$!$morbidity/mortality$



Heavy4Snowfall4–$largely$restricted$to$the$northern$third$of$the$region$
$
!$Increased$automobile$accidents,$plus$slips/falls$!$injuries$and$deaths$

Average$annual$snowfall$

Thompson$publishing$



Average$annual$number$of$freezing$rain$hours$
(1976Q1990),$Robbins$&$CorGnas$(2002)$

Temporal$fluctuaGons$in$frequencies$of$
freezingQrain$days$in$Southeast,$and$South$
climate$regions.$Values$for$each$4Qyr$period$are$
percent$of$the$1949–2000$total$number$of$
freezingQrain$days$for$each$region.$$
From$Changnon$and$Karl$(2003)$

Ice4storms–$largely$restricted$to$the$
northern$half$of$the$region$
$
! Ice$accreGon$on$tree$limbs$and$power$

lines$!$power$outages$
! Deaths$from$carbon$monoxide$

poisoning$

$$1950 $1960$$$$$$$$1970$$$$$$1980$$$$$$$1990$$$



North$Carolina$Ice$Storm$December$2002$



Hurricanes$
$
Storm$surge$!$coastal$flooding$
Strong$winds$!$structural$damage,$downed$trees,$power$outages,$especially$inland$
Heavy$rainfall$!$Inland$flooding$!$structural$damage$and$drowning$fataliGes$



EsGmated$return$period$in$years$for$hurricanes$passing$within$50$nauGcal$
miles$of$various$locaGons$on$the$U.S.$Coast$in$the$last$100$years$(from$the$
NaGonal$Hurricane$Center)$

Hurricanes$



The4costliest4hurricanes4to4affect4the4United4States4(1900C2010)4

6"of"the"7"$10"billion+"hurricanes"have"occurred"in"the"past"7"years,"all"impac<ng"the"
Southeast"region"

Data$from$Blake$et$al.$2011$



Data$from$Blake$et$al.$2011$



Tornadoes$$
$
–$property$damage,$injuries,$loss$of$life$
$
High$vulnerability$in$the$SE:$$$
$
1.$Much$subQstandard$housing$
(mobile$homes).$
$
2.$Many$trees$and$other$
materials$that$are$hurled$
through$the$air$
$
3.$Poor$visibility$–$many$trees,$
low$clouds,$and$precipitaGon.$



Year$2011$=$166$

Tornadoes$



Tracks4of4Killer4Tornadoes4from4the4April4201144
Southeast4Super4Outbreak4

$

Number$of$Tornadoes:$190+$(~10$EFQ4,$~4$EFQ5)$

U.S.$States$Affected:$144

FataliGes:$317$(237$in$Alabama)$

Economic$losses:$>$$4.8$billion$



Severe4Thunderstorms4
Damaging$winds$!$downed$trees/power$lines$!$injuries,$loss$of$life,$and$power$
outages$$
Lightning$$!$power$outages$and$loss$of$life$



Severe$Thunderstorms:$
Lightning$$!$property$damage$and$loss$of$life$

!

!
8/11$states$in$Southeast$region$are$in$the$top$20$

Source:$Vasila$



Future$ProjecGons$of$Climate$in$the$Southeast$
$

•  Projected$changes$are$not$as$great$as$those$observed$in$
other$parts$of$the$world.$
Q$Past$climate$variability$and$weather$extremes$therefore$
serve$as$a$good$analog$(i.e.$what$has$happened$before$will$
happen$again)$

$
•  There$is$much$uncertainty$in$the$model$projecGons.$$

$
Focus$will$be$on$the$scenarios$that$most$models$agree$on.$
$
However$we$must$acknowledge$the$possibility$that$big$
changes$may$happen.$$



•  Increases$in$precipitaGon,$
except$for$Arkansas$and$
Louisiana.$

$
•  LiKle$change$in$summer,$

which$coupled$with$
temperature$increases$!$
more$drought$

Precipita&on4Projec&ons4



More$heavy$rainfall,$especially$the$Southern$Appalachians.$



Temperature4Projec&ons4

Increases$temperature,$especially$
during$the$summer.$
$



Temperature4Projec&ons4

!$More$heat$waves$

!



Droughts4
4
•  No$clear$trend;$however$vulnerability$is$increasing$due$to$

populaGon$growth,$among$other$things.$
4
Air4Quality4
$
•  Increases$in$groundQlevel$ozone,$especially$in$urban/industrial$

areas$(e.g.$Atlanta$and$Ohio$River$Valley)$
4
Hurricanes4
$
•  Slightly$fewer$tropical$storms$and$hurricanes$overall,$but$more$

strong$hurricanes$(CAT3QCAT5).$



Sea$Level$Rise$

3’$

1’$

2’$
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