
Wikipedia: A comparison of “apples and 
oranges” occurs when two items or 
groups of items are compared that 

cannot be validly compared. 

Duane Waliser, JPL/Caltech; WGCM, Boulder, CO; October 2011 
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Continued Challenges & New Opportunities 

•  More national and international 
assessments planned (e.g. NCA, IPCC 
AR5) that will rely on CMIP-like activities. 

•  Significant model errors still evident 

•  Model errors imply climate projection 
uncertainties – can these be reduced? 

•  Models continuing to evolve in complexity 
and need evaluation. 

•  Satellite observations have been under 
utilized by the model and model-analysis 
community. 

•  New observations becoming available. 



Making Better Use of Observations for IPCC 

• JPL/NASA	
  is	
  leading	
  an	
  effort	
  with	
  PCMDI/DOE	
  to	
  idenCfy	
  and	
  deliver	
  a	
  
number	
  of	
  NASA	
  satellite	
  data	
  tailored	
  for	
  IPCC	
  model-­‐data	
  comparison.	
  	
  	
  

• Community	
  to	
  have	
  simultaneous	
  access	
  to	
  model	
  output	
  and	
  satellite	
  
observaCons	
  similarly	
  formaWed	
  to	
  facilitate	
  model	
  evaluaCon.	
  	
  	
  

• Need	
  by	
  Summer/Fall	
  2011	
  for	
  model	
  evaluaCons	
  and	
  Cmely	
  submission	
  
of	
  research	
  arCcles	
  –>	
  IPCC	
  AR5	
  to	
  be	
  published	
  in	
  2013.	
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Model and Observation Overlap 
For what quantities are these comparisons viable? 

Current NASA Missions ~14 
Total Missions Flown ~ 60 

Many with multiple instruments 
Most with multiple products (e.g. 10-100s) 

Many cases with the same products 

Over 1000 satellite- 
derived quantities 

~120 ocean 
~60 land 

~90 atmos 
~50 cryosphere 

Over 300 Variables in 
(monthly) CMIP Database 

Taylor et al. 2008 



Model and Observation Overlap 
For what quantities are these comparisons viable? 

Model Output 
Variables 

Satellite Retrieval 
Variables 

Target Quantities 

AIRS (≥  300 hPa) 
Atm temp profile 
Specific humidity 

profile 

MLS (< 300 hPa) 
Atm temp profile 
Specifc humidity 

profile 
QuikSCAT Ocean surface winds 

TES Ozone profile 
AMSR-E SST 

TOPEX/JASON SSH 
CERES TOA radiation fluxes 
TRMM Total precipitation 

MODIS Cloud fraction 
Net primary production 

1 
1 
1 
1 
1 
~4 
1 
1 
1 
~6 
1 
1 
3 

After much scrutiny and two 
workshops, only ~20 variables were 

identified as being “safely” 
comparable in this first round  
– although still with caveats!  

• Continue to consider additional datasets  
• Model-pull for additional satellite 

observations 
• Model-push for additional model output 

variables. 



Satellite Observations for CMIP5 Simulations 
Technical Documentation 
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Satellite Observations for CMIP5 Simulations 
Technical Documentation 



Satellite	
  ObservaCons	
  for	
  CMIP	
  and	
  IPCC	
  ARs	
  
Why	
  is	
  this	
  6mely	
  for	
  AR5	
  and	
  beyond?	
  

Model	
  Scoring	
  w/	
  ObservaCons:	
  “1	
  model	
  –	
  1	
  vote”	
  to	
  
weighCng	
  projecCons	
  based	
  on	
  obs	
  metrics	
  (e.g.	
  
WGCM/WGNE	
  Metrics	
  Panel)	
  

Earth	
  System	
  Modeling	
  (e.g.	
  Coupled	
  Carbon-­‐Climate):	
  
added	
  complexity,	
  more	
  degrees	
  of	
  freedom,	
  need	
  for	
  
observaConal	
  constraints;	
  many	
  assets	
  here	
  /	
  on	
  
horizon	
  (e.g.	
  CO2	
  :	
  AIRS,	
  TES,	
  MODIS,	
  OCO-­‐2,	
  OCO-­‐3,	
  
ACE,	
  Ascends,	
  L-­‐Band	
  SAR).	
  

Decadal Predictions: Downscaling GCMs with regional 
models is key to many decision-support issues;  
systematic application of observations for regional model 
evaluation is even less mature than for GCMs. CORDEX 



Satellite	
  ObservaCons	
  for	
  CMIP5	
  SimulaCons	
  
Data	
  Available	
  Now	
  on	
  Earth	
  System	
  Grid	
  

•  NASA Infrastructure (Gateway and Data Node) is ready to receive 
observation datasets from science teams. 

•  First datasets (AIRS,CERES, MLS, etc) delivered. 
•  Federated access via the Earth System Grid – side by side w/ GCM data. 

PCMDI Gateway 

NASA Gateway 



Mean dynamic topography (GCMs 1992-2002); Obs: Maximenko et al. [2005]) Absolute values (each field has zero mean) 

CMIP3 Sea Level vs TOPEX/JASON 

Courtesy F. Landerer (JPL) 



Aquarius 

Aquarius will provide the first NASA 
spaceborne global data of salinity. 

Mean	
  Salinity	
  from	
  12	
  CMIP3	
  Model	
  SimulaCons	
  of	
  20th	
  
Century	
  Climate:	
  POOR	
  MODEL	
  AGREEMENT	
  

Courtesy D. Waliser, Y. Chao & F. Li 

Salinity: Characterization of ocean 
thermohaline circulation and global 

water budget 

!



SMAP 
GRACE & GRACE Follow-On 

ICESat-II 

CMIP3 Models: Global Average Soil Moisture CMIP3 Models: Global Average Snow/Ice Mass 

L-Band SAR? 



•  Establish	
  a	
  NASA-­‐wide	
  capability	
  for	
  the	
  climate	
  modeling	
  community	
  to	
  support	
  
model-­‐to-­‐observaCon	
  intercomparison.	
  	
  This	
  involves	
  IT,	
  satellite	
  retrieval,	
  data	
  set,	
  
modeling	
  and	
  science	
  experCse.	
  

•  Establish	
  science	
  “bridge”	
  between	
  models	
  and	
  satellite	
  observaCons	
  to	
  facilitate	
  
model	
  improvement	
  and	
  reduce	
  projecCon	
  uncertainty.	
  	
  This	
  is	
  also	
  a	
  focus	
  of	
  the	
  
new	
  JPL	
  Center	
  for	
  Climate	
  Science.	
  	
  

•  UClize	
  feedback/community	
  collaboraCon	
  to	
  develop	
  future	
  climate-­‐criCcal	
  satellite	
  
missions.	
  	
  The	
  modeling	
  community	
  has	
  yet	
  to	
  be	
  galvanized	
  to	
  provide	
  feedback	
  to	
  
the	
  satellite-­‐development	
  community.	
  

Satellite	
  ObservaCons	
  for	
  IPCC	
  /	
  Climate	
  Modeling	
  
Summary	
  

“PCMDI,	
  	
  major	
  modeling	
  centers,	
  and	
  a	
  very	
  large	
  community	
  of	
  scienCsts	
  involved	
  in	
  
model	
  evaluaCon	
  would	
  jump	
  on	
  this	
  resource!”	
  PCMDI	
  Thoughts	
  (via	
  P.	
  Gleckler);	
  Oct	
  2010	
  NASA/JPL
+DOE/PCMDI	
  Sponsored	
  Workshop	
  

This project is on course to deliver NASA satellite data sets for the 
evaluation of CMIP5 climate model archive and impact the IPCC AR5. 



•  Identify additional observations to include in this activity. 
•  Make links to WGCM/WGNE Climate Metrics Panel. 
•  Identify suites of observations for directions in earth system modeling. 
•  Develop analogous capabilities within the regional modeling community. 
•  Encourage the missions to provide the modeling community with forward 

models / satellite simulators for more direct comparisons with observed 
quantities (e.g. CFMIP). 

•  Continue to work with the ESG community and PCMDI to facilitate the 
means to utilize the satellite data. 

•  Continue to develop cultivate collaboration / data utilization from NOAA 
and international (e.g. ESA CCI) partner data sets. 

•  Encourage missions to develop products analogous to model output. 
•  Encourage modeling community to develop the means to output 

quantities analogous to satellite retrieved quantities. 
•  Cultivate more coherent input from the modeling community on 

observations critical to model development/evaluation and reducing 
projection uncertainties. 

Satellite	
  ObservaCons	
  for	
  IPCC	
  /	
  Climate	
  Modeling	
  
Future	
  Emphases	
  and	
  Needs	
  


