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Extreme	
  Precipita0on:	
  Why	
  do	
  we	
  care?	
  

SPECIAL REPORT OF THE 
INTERGOVERNMENTAL PANEL 

ON CLIMATE CHANGE

MANAGING THE RISKS OF EXTREME 
EVENTS AND DISASTERS TO ADVANCE 

CLIMATE CHANGE ADAPTATION

•  Extreme	
  rainfall:	
  Occurrence	
  of	
  
rainfall	
  near	
  the	
  upper	
  ends	
  of	
  
observed	
  values	
  	
  
-  Damage	
  to	
  assets	
  and	
  

infrastructure,	
  loss	
  of	
  life	
  
-  Physical	
  interac0on	
  of	
  rainfall	
  

with	
  land	
  surface	
  
	
  

How	
  might	
  extremes	
  in	
  
precipita0on	
  behave	
  under	
  

changing	
  climate?	
  



Extreme	
  Precipita0on:	
  Scale	
  Dependence	
  

10	
  mm/hr	
  	
  	
  

2	
  mm/hr	
  

Precipita0on	
  intensity	
  is	
  func0on	
  of	
  spa0al	
  resolu0on	
  



Introduc0on:	
  Downscaling	
  

Downscaling	
  techniques	
  
•  Sta0s0cal	
  

-  Develop	
  rela0onship	
  between	
  observed	
  quan0ty	
  and	
  Global	
  Climate	
  Model	
  
(GCM)	
  quan0ty	
  

•  Dynamical	
  
-  GCM	
  quan00es	
  used	
  to	
  force	
  regional	
  mesoscale	
  model	
  

•  Mul0-­‐scale	
  Model	
  Framework	
  
(MMF)	
  
-  Cloud	
  Resolving	
  Model	
  (CRM):	
  

Informa0on	
  about	
  atmospheric	
  
structure	
  on	
  O[1	
  km]	
  

-  MMF	
  correctly	
  simulates	
  intense	
  
rainfall	
  events	
  compared	
  to	
  
tradi0onal	
  GCM	
  [DeMo?	
  et	
  al.,	
  
2007]	
  

GCM	
  



Introduc0on:	
  Land	
  Atmosphere	
  Coupling	
  



Introduc0on:	
  Flux	
  at	
  Land-­‐Atmosphere	
  Interface	
  

MASL	
   MAML	
  



Introduc0on:	
  Precipita0on	
  Intensity	
  at	
  Land-­‐
Atmosphere	
  Interface	
  



Methods:	
  Annual	
  Maximum	
  Series	
  

Select	
  largest	
  annual	
  precipita0on	
  from	
  
0me-­‐series	
  

Express	
  in	
  terms	
  of	
  Recurrence	
  
Interval	
  (T)	
  (Gumbel,	
  1945)	
  

Rank	
  by	
  magnitude	
  

T = 1+ n
m

n = # years
m = rank

1

534
2

P = 1
T



Methods:	
  Annual	
  Maximum	
  Series	
  

General	
  Extreme	
  Value	
  Distribu0on	
  
•  Es0mate	
  3	
  parameters:	
  Shape,	
  Scale	
  
and	
  Loca0on	
  [Jenkinson,	
  1969]	
  

•  Evaluate	
  uncertainty	
  in	
  parameter	
  
es0mates	
  using	
  confidence	
  intervals	
  

•  Distribu0on	
  follows	
  extreme	
  value	
  type	
  [Gumbel,	
  1941	
  and	
  Chow,	
  
1951]	
  

•  General	
  Extreme	
  Value	
  distribu0on	
  best	
  suited	
  for	
  meteorological	
  
variables	
  [Jenkinson,	
  1955]	
  



Methods:	
  Annual	
  Maximum	
  Series	
  

General	
  Extreme	
  Value	
  Distribu0on	
  
•  Es0mate	
  3	
  parameters:	
  Shape,	
  Scale	
  
and	
  Loca0on	
  [Jenkinson,	
  1969]	
  

•  Evaluate	
  uncertainty	
  in	
  parameter	
  
es0mates	
  using	
  confidence	
  intervals	
  

•  Distribu0on	
  follows	
  extreme	
  value	
  type	
  [Gumbel,	
  1941	
  and	
  Chow,	
  
1951]	
  

•  General	
  Extreme	
  Value	
  distribu0on	
  best	
  suited	
  for	
  meteorological	
  
variables	
  [Jenkinson,	
  1955]	
  

95%	
  CI	
  



Methods:	
  Model	
  Experiment	
  

•  Community	
  Climate	
  System	
  Model	
  
-  Prescribed	
  ocean/ice,	
  interac0ve	
  land	
  

•  SASL,	
  MASL	
  and	
  MAML	
  simula0ons	
  
-  30	
  years	
  integra0on	
  with	
  precipita0on	
  history	
  output	
  @	
  

24	
  hours	
  
-  Climatological	
  SST	
  (fixed	
  monthly	
  average)	
  
-  GCM	
  resolu0on	
  of	
  1.9	
  x	
  2.5	
  degree	
  

•  MASL	
  and	
  MAML	
  	
  
-  CRM	
  resolu0on	
  of	
  32	
  x	
  4	
  km	
  	
  



Results:	
  Coastal	
  Convec0ve	
  

OBS	
  

MAML	
  

SASL	
  



Results:	
  Con0nental	
  Convec0ve	
  



Results:	
  Coastal	
  Stra0form	
  



Results:	
  30	
  Year,	
  24-­‐Hour	
  Storm	
  Depth	
  

SASL	
  

MAML	
  

MASL	
  

mm	
  



Future	
  Work	
  

•  Quan0ta0ve	
  measure	
  to	
  evaluate	
  simulated	
  distribu0ons	
  
against	
  observa0ons	
  

•  Global	
  evalua0on	
  of	
  model	
  sta0s0cs	
  against	
  observa0ons	
  
•  Inves0gate	
  regions	
  where	
  MMF	
  extremes	
  are	
  more	
  like	
  

observa0ons	
  
•  Sub-­‐daily	
  sta0s0cs	
  and	
  climate	
  variability	
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Outline	
  

•  Introduc0on	
  
-  Extreme	
  Rainfall	
  in	
  tradi0onal	
  Global	
  Climate	
  Models	
  

-  Why	
  do	
  we	
  care	
  
-  Current	
  methods	
  to	
  evaluate	
  extreme	
  rainfall	
  from	
  

climate	
  models	
  (sta0s0cal	
  vs	
  dynamical)	
  
-  MAML,	
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  and	
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Extreme	
  Value	
  Fikng:	
  General	
  Extreme	
  Value	
  
Distribu0on	
  

F x( ) = exp− 1+ζ 1+ x − µ
σ
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Cumula0ve	
  Density	
  Func0on	
  
ζ:	
  Shape	
  	
  σ:	
  Scale	
  	
  μ:	
  Loca0on	
  	
  

x = µ + σ
µ

−1− lnF x( )⎡⎣ ⎤⎦
−ζ

GEV:	
  Quan0le	
  Func0on	
  

ζ,	
  σ,	
  μ	
  es0mated	
  by	
  maximizing	
  the	
  log-­‐
likelihood	
  func0on	
  of	
  the	
  GEV	
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