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What’s	
  a	
  Global	
  Climate	
  Model?

“Essentially, all 
models are wrong, but 

some are useful”
 – George E.P. Box
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What’s	
  a	
  Global	
  Climate	
  Model?
• FAR = First Assessment 
Report (IPCC; 1990)

• SAR = Second Assessment 
Report (1996)

• TAR = Third Assessment 
Report (2001)

• AR4 = Fourth Assessment 
Report (2007)

• AR5 = Fifth Assessment 
Report (2014)
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What’s	
  a	
  Global	
  Climate	
  Model?

Multi-Satellite 
Image Animation

https://www.youtube.com/
watch?v=m2Gy8V0Dv78 

Global Climate 
Model Simulation
http://www.vets.ucar.edu/

vg/T341/index.shtml
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What	
  a	
  Global	
  Climate	
  
Model	
  Is	
  and	
  Is	
  Not
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What	
  a	
  Global	
  Climate	
  Model	
  is	
  Not

Chaos theory: Does the flap of a butterfly’s wings in Brazil 
set off a tornado in Texas?   – Ed Lorenz

Steve Easterbrook
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What	
  GCMs	
  Produce
• RCP	
  8.5	
  –	
  Greenhouse	
  gas	
  (GHG)	
  
emissions	
  increase	
  unPl	
  forcing	
  
difference	
  reaches	
  8.5	
  WaTs	
  per	
  
square	
  meter

• RCP	
  4.5	
  –	
  radiaPve	
  forcing	
  
stabilized	
  around	
  2100	
  using	
  a	
  
variety	
  of	
  technologies	
  &	
  
strategies	
  to	
  reduce	
  GHGs

• RCP	
  2.6	
  –	
  a	
  “peak-­‐and-­‐decline”	
  
scenario	
  where	
  GHG	
  emissions	
  
are	
  reduced	
  significantly	
  over	
  Pme

RCP	
  8.5

RCP	
  4.5

RCP	
  2.6

RCP	
  6
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What	
  GCMs	
  Produce
MulH-­‐Model	
  Mean



S O U T H 	
   C E N T R A L 	
   C L I M A T E 	
   S C I E N C E 	
   C E N T E R

What	
  GCMs	
  Produce
Individual	
  GCMs	
  with	
  Same	
  Forcings
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But	
  What	
  About	
  Me?
Downscaling	
  to	
  Regions
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What	
  is	
  Downscaling?
• Method	
  to	
  use	
  coarse	
  (low)	
  resoluPon	
  output	
  (e.g.,	
  
100-­‐500	
  km	
  grid)	
  from	
  global	
  climate	
  models	
  and	
  
obtain	
  fine	
  (high)	
  resoluPon	
  datasets	
  (e.g.,	
  10-­‐50	
  km	
  
grid)	
  for	
  regional	
  to	
  local	
  decision	
  making
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What	
  is	
  Downscaling?

• Dynamical	
  downscaling	
  –	
  uses	
  high-­‐resoluPon	
  
numerical	
  models	
  (i.e.,	
  regional	
  climate	
  models)	
  to	
  
produce	
  high-­‐resoluPon,	
  three-­‐dimensional	
  fields

• StaHsHcal	
  downscaling	
  –	
  uses	
  staPsPcal	
  
relaPonships	
  to	
  relate	
  the	
  value	
  of	
  the	
  large-­‐scale	
  
grid	
  box	
  to	
  site-­‐specific	
  values	
  at	
  the	
  surface	
  (two-­‐
dimensional	
  fields);	
  different	
  methods	
  include:	
  (1)	
  
scaling/delta,	
  (2)	
  transfer	
  funcPons,	
  (3)	
  weather	
  
typing,	
  and	
  (4)	
  weather	
  generators
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What	
  is	
  Downscaling?
• Predictor	
  –	
  values	
  of	
  a	
  climate	
  variable	
  (e.g.,	
  air	
  
temperature,	
  precipitaPon)	
  at	
  the	
  GCM	
  grid	
  box

• Predictand	
  –	
  site-­‐specific	
  variable	
  (e.g.,	
  max.	
  
temperature	
  at	
  the	
  surface)	
  that	
  is	
  predicted,	
  usually	
  on	
  
a	
  daily	
  Pme	
  scale,	
  from	
  the	
  predictors

• Transfer	
  funcHon	
  –	
  a	
  staPsPcal	
  model	
  that	
  relates	
  
predictor	
  to	
  predictand	
  using	
  an	
  appropriate	
  technique	
  &	
  
actual	
  observaPons	
  for	
  calibraPon	
  &	
  validaPon

transfer function
GCM grid 

box
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How	
  “Good”	
  Are	
  Downscaled	
  Data?

• Needs	
  a	
  robust	
  &	
  quanPtaPve	
  evaluaPon	
  of	
  the	
  strengths	
  
&	
  limitaPons	
  of	
  both	
  global	
  climate	
  models	
  and	
  
downscaling	
  methods

• GeneraPon	
  &	
  disseminaPon	
  of	
  high	
  quality	
  
downscaled	
  datasets	
  for	
  use	
  within	
  the	
  
greater	
  climate	
  science	
  community

• Developing	
  &	
  communicaPon	
  of	
  guidance	
  
on	
  the	
  suitability	
  of	
  downscaled	
  products	
  
for	
  different	
  classes	
  of	
  applicaPons

Downscaling

Ev
al
ua
Ho

n

G
uidance

Gen.	
  &
	
  Dissem
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GCM	
  EvaluaPon
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GCM	
  EvaluaPon

Derek Rosendahl

ModelModel ResoluJon Scenarios

CCSM4 U.S.	
  Na'onal	
  Center	
  for	
  Atmospheric	
  Research	
  (NCAR)	
  
Community	
  Climate	
  System	
  Model,	
  version	
  4 0.90°	
  x	
  1.25° hist,	
  RCP	
  2.6,	
  

RCP	
  4.5,	
  RCP	
  8.5	
  

MIROC5 Japanese	
  Model	
  for	
  Interdisciplinary	
  Research	
  on	
  Climate,	
  
version	
  5 1.41°	
  ×	
  1.41° hist,	
  RCP	
  2.6,	
  

RCP	
  4.5,	
  RCP	
  8.5	
  

MPI-­‐ESM-­‐LR Max	
  Planck	
  Ins'tute	
  Earth	
  System	
  Model,	
  low	
  resolu'on 1.80°	
  x	
  1.80° hist,	
  RCP	
  2.6,	
  
RCP	
  4.5,	
  RCP	
  8.5	
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Downscaling	
  EvaluaPon
• Variables	
  –	
  daily	
  maximum	
  and	
  minimum	
  surface	
  
temperature,	
  and	
  daily	
  precipitaPon

• Period	
  –	
  historical	
  (1961-­‐2005)	
  &	
  future	
  (2010-­‐2039,	
  
2040-­‐2069,	
  and	
  2070-­‐2099)

• ValidaHon	
  –	
  Livneh	
  et	
  al.,	
  2013	
  (from	
  Climate	
  Downscaling	
  
Group),	
  based	
  on	
  methods	
  of	
  Maurer	
  et	
  al.	
  (2002)

QuanJle	
  Mapping	
  MethodQuanJle	
  Mapping	
  Method GCM	
  Forcing Scenarios

CDFt CumulaPve	
  Density	
  FuncPon	
  Transform;	
  
Vrac	
  and	
  Michelangeli	
  (2009)

CCSM4,	
  MIROC5,	
  
MPI-­‐ESM-­‐LR

hist,	
  RCP	
  2.6,	
  
RCP	
  4.5,	
  RCP	
  8.5	
  

EDQM Equi-­‐Distant	
  QuanPle	
  Mapping	
  Li	
  et	
  al.	
  
(2010)

CCSM4,	
  MIROC5,	
  
MPI-­‐ESM-­‐LR

hist,	
  RCP	
  2.6,	
  
RCP	
  4.5,	
  RCP	
  8.5	
  

BCQM Bias	
  CorrecPon	
  QuanPle	
  Mapping	
  Ho	
  et	
  al.	
  
(2012)	
  –	
  deemed	
  inappropriate	
  to	
  use

CCSM4,	
  MIROC5,	
  
MPI-­‐ESM-­‐LR

hist,	
  RCP	
  2.6,	
  
RCP	
  4.5,	
  RCP	
  8.5	
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Downscaling	
  EvaluaPon

John Lanzante
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Example	
  Downscaling	
  Results

• Experimental	
  
evaluaPon	
  design	
  
conducted	
  for	
  all	
  
reaches	
  of	
  the	
  Red	
  
River	
  Basin,	
  in	
  
partnership	
  with	
  
Chickasaw	
  NaPon	
  
(lead)	
  and	
  Aqua	
  
Strategies,	
  Inc.
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Example	
  Downscaling	
  Results

Carlos Gaitán

PrecipitaHon	
  Change	
  for	
  End	
  of	
  Century	
  vs.	
  1976–2005
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Genng	
  the	
  Data

• hTp://data.cybercommons.org/organizaPon/
south-­‐central-­‐climate-­‐science-­‐center
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