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•  Working	
  Hypothesis:	
  	
  
o  Absolute	
  extremes	
  are	
  capped	
  by	
  
available	
  energy	
  

•  Thus,	
  for	
  Climate	
  Change	
  
•  The	
  PDF	
  becomes	
  bimodal	
  or	
  skewed	
  with	
  climate	
  

variability	
  and	
  change	
  
•  These	
  changes	
  may	
  saturate	
  a@er	
  an	
  iniAal	
  rapid	
  

response	
  

•  Defini8on	
  of	
  Climate	
  Change	
  
•  Hurricane	
  response	
  	
  
•  Temperature	
  Response.	
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Global	
  Intense	
  Hurricane	
  Response	
  

(Holland	
  and	
  Webster	
  2007)	
  
(Elsner	
  et	
  al	
  2009)	
  

(Holland	
  and	
  Bruyere	
  2013)	
  •  SH	
  Cyclones	
  are	
  in	
  year	
  season	
  commenced	
  
•  All	
  Cyclones	
  no	
  Change	
  
•  Saffir-­‐Simpson	
  Categories	
  used.	
  

Cat 4-5 Change/oC = 40% 
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  Extremes	
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or sub-national levels can substantially affect
livelihood options and resources and the capacity
of societies and communities to prepare for and
respond to future disasters. [2.2, 2.7] 

A changing climate leads to changes in the
frequency, intensity, spatial extent, duration,
and timing of extreme weather and climate
events, and can result in unprecedented
extreme weather and climate events. Changes
in extremes can be linked to changes in the mean,
variance, or shape of probability distributions, or all
of these (Figure SPM.3). Some climate extremes (e.g.,
droughts) may be the result of an accumulation of
weather or climate events that are not extreme
when considered independently. Many extreme
weather and climate events continue to be the
result of natural climate variability. Natural variability
will be an important factor in shaping future
extremes in addition to the effect of anthropogenic
changes in climate. [3.1]

Observations of
Exposure, Vulnerability,
Climate Extremes,
Impacts, and Disaster
Losses
The impacts of climate extremes and the potential
for disasters result from the climate extremes
themselves and from the exposure and vulnerability
of human and natural systems. Observed changes
in climate extremes reflect the influence of
anthropogenic climate change in addition to natural
climate variability, with changes in exposure and
vulnerability influenced by both climatic and non-
climatic factors.

Exposure and Vulnerability

Exposure and vulnerability are dynamic, varying across temporal and spatial scales, and depend on
economic, social, geographic, demographic, cultural, institutional, governance, and environmental factors
(high confidence). [2.2, 2.3, 2.5] Individuals and communities are differentially exposed and vulnerable based on
inequalities expressed through levels of wealth and education, disability, and health status, as well as gender, age,
class, and other social and cultural characteristics. [2.5]

Settlement patterns, urbanization, and changes in socioeconomic conditions have all influenced observed
trends in exposure and vulnerability to climate extremes (high confidence). [4.2, 4.3.5] For example, coastal
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Figure SPM.3 | The effect of changes in temperature distribution on
extremes. Different changes in temperature distributions between present and
future climate and their effects on extreme values of the distributions:
(a) effects of a simple shift of the entire distribution toward a warmer climate;
(b) effects of an increase in temperature variability with no shift in the mean;
(c) effects of an altered shape of the distribution, in this example a change in
asymmetry toward the hotter part of the distribution. [Figure 1-2, 1.2.2]
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(IPCC	
  SREX	
  2012)	
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Character	
  of	
  the	
  Observed	
  
Tropical	
  Cyclone	
  Changes	
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(Holland	
  and	
  Bruyere	
  2013)	
  Propor8on	
  is	
  rela8ve	
  to	
  all	
  hurricanes	
  



Nested	
  Regional	
  Climate	
  Model	
  36	
  km	
  plus	
  embedded	
  WRF	
  
Hurricane	
  Model	
  4	
  km.	
  	
  
Base	
  is	
  2012	
  North	
  Atlan8c	
  Hurricane	
  Season.	
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Model	
  Assessment	
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Temperatures?	
  

Evap	
  
Cond	
  

Mix	
  

(Advec8on)	
  

Diurnal	
  Timescale	
  

Downwelling	
  
Radia8on	
  

IR	
  Radia8onal	
  
Cooling	
  αT4	
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MODIS	
  Skin	
  vs	
  Air	
  Temperature	
  

(Mildrexler	
  et	
  al	
  2011)	
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Temperature	
  Sta:ons	
  

Giles	
  

Norfolk	
  
Sydney	
  

Melbourne	
  

Work	
  in	
  progress	
  

Alice	
  Springs	
  

Adelaide	
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Seasonal:	
  Desert	
  In	
  Situ	
  
Temperatures	
  

•  Extremes	
  bumping	
  up	
  against	
  the	
  maximum	
  possible	
  
•  Skewed	
  distribu8on	
  develops	
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Giles	
  Maxima	
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Climate	
  Change:	
  
	
  In	
  Situ	
  Temperatures	
  

Variable,	
  but	
  marked	
  increase	
  in	
  hot	
  days	
  and	
  no	
  change	
  in	
  
extremes.	
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Climate	
  Change:	
  In	
  Situ	
  and	
  
Advec:ve	
  Temperatures	
  

Advec8ve	
  In	
  Situ	
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Summary:	
  Trend	
  1970-­‐2011	
  
>35oC	
   Maximum	
  Temperature	
  

(Bureau	
  of	
  Meteorology	
  2013)	
  

In	
  Situ	
   Advec8ve	
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Summary	
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Working Hypothesis:  
•  Absolute extremes are 

capped by available energy 
•  Thus, for Climate Change 

•  The PDF becomes bimodal 
or skewed with climate 
variability and change 

•  These changes may 
saturate, after an initial rapid 
response.	
  


