
SANDIA REPORT 
SAND2011-0393
Unlimited Release 
Printed January 2011 
 
 

Uncertainty Quantification of US Southwest 
Climate from IPCC Projections 

Mark Boslough 

Prepared by 
Sandia National Laboratories 
Albuquerque, New Mexico 87185 and Livermore, California 94550 
 
Sandia National Laboratories is a multi-program laboratory managed 
and operated by Sandia Corporation, a wholly owned subsidiary of  
Lockheed Martin Corporation, for the U.S. Department of Energy’s 
National Nuclear Security Administration under contract DE-AC04-94AL85000. 
 
 
Approved for public release; further dissemination unlimited. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

paragon
Typewritten Text

paragon
Typewritten Text

paragon
Typewritten Text

paragon
Typewritten Text

paragon
Typewritten Text

paragon
Typewritten Text



 

Issued by Sandia National Laboratories, operated for the United States Department of Energy by 
Sandia Corporation. 

NOTICE:  This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government, nor any agency thereof, nor any of 
their employees, nor any of their contractors, subcontractors, or their employees, make any 
warranty, express or implied, or assume any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process disclosed, or 
represent that its use would not infringe privately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government, any agency thereof, or any of their contractors or subcontractors.  The 
views and opinions expressed herein do not necessarily state or reflect those of the United States 
Government, any agency thereof, or any of their contractors. 
 
Printed in the United States of America. This report has been reproduced directly from the best 
available copy. 
 
Available to DOE and DOE contractors from 

U.S. Department of Energy 
Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge, TN  37831 
 
Telephone: (865)576-8401 
Facsimile: (865)576-5728 
E-Mail: reports@adonis.osti.gov 
Online ordering:  http://www.osti.gov/bridge  

 
 

 

Available to the public from 
U.S. Department of Commerce 
National Technical Information Service 
5285 Port Royal Rd 
Springfield, VA  22161 
 
Telephone: (800)553-6847 
Facsimile: (703)605-6900 
E-Mail: orders@ntis.fedworld.gov 
Online order:  http://www.ntis.gov/help/ordermethods.asp?loc=7-4-0#online  

 

 

 
 
 
 
 
 

 
 

2



 

SAND2011-0393 
Unlimited Release 
Printed January 2011 

 
 

Uncertainty Quantification of US 
Southwest Climate from IPCC 

Projections 

 

Mark Boslough 
Discrete Math and Complex Systems 

 
 

Sandia National Laboratories 
P. O. Box 5800 

Albuquerque, NM  87185-0370 
 

 

Abstract 

The Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report 
(AR4) made extensive use of coordinated simulations by 18 international modeling 
groups using a variety of coupled general circulation models (GCMs) with different 
numerics, algorithms, resolutions, physics models, and parameterizations.   These 
simulations span the 20th century and provide forecasts for various carbon emissions 
scenarios in the 21st century.  All the output from this panoply of models is made 
available to researchers on an archive maintained by the Program for Climate Model 
Diagnosis and Intercomparison (PCMDI) at LLNL.  I have downloaded this data and 
completed the first steps toward a statistical analysis of these ensembles for the US 
Southwest.  This constitutes the final report for a late start LDRD project.  Complete 
analysis will be the subject of a forthcoming report. 
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1 Summary of Accomplishments 

• Reviewed literature 

•  Briefed Tom Hunter & prepared BOD briefing  

•  Downloaded and analyzed archived data 

•  Comparison to historical data  

•  Statistical framework development  

•  Built ongoing collaboration with UNM 

•  Convened 2 AGU sessions on UQ/climate  

•  Organized CCSM Workshop UQ session 
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2 Presentations 

Climate presentations at the following conferences were funded, at least in part, by this 
project.   Abstracts and presentations associated with this project after the end of the 
fiscal year made use of this project’s results. 

Dec. 2009:  American Geophysical Union 2009 Fall Meeting, San Francisco. 

June 2010: Community Climate System Model Workshop, Breckenridge. 

July 2010: Research Experience in Carbon Sequestration (invited keynote), Albuquerque. 

July 2010:  American Quaternary Association (invited plenary), Laramie. 

Nov. 2010:  Geological Society of America, Denver. 

Dec. 2010:  American Geophysical Union 2010 Fall Meeting, San Francisco. 

Mar. 2011:  (upcoming) AGU Chapman Conference on Climates, Past Landscapes, 
Civilizations, Santa Fe. 
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3 Selected presentation graphics 
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Uncertainty Quantification of US Southwest Climate from IPCC 
Projections (140641)
Mark Boslough (1433), Patrick Brady (6310), FY09:  $100k, FY10: $150k

Key Accomplishments

Significance of Results

What’s Next
• Programmatic interest: We are already 

to using the experience gained by this 
project to build collaborations with other 
labs and for proposals to DOE, DoD, and 
IC customers

• UQ experience has fed into new 
NNSA/BER climate project and proposed 
CSSEF project.

• Time to impact: NOW!

Purpose, Goals, Approach

Develop rigorous analysis of 
uncertainties in regional 
forecasts using today’s GCMs to 
help identify needs and metrics 
associated with performing 
uncertainty quantification for 
climate forecasts with tomorrow’s 
higher-resolution models

Objective methods of risk 
assessment are needed to bridge 
the gap between science and 
policy.  Uncertainty quantification 
can be used objectively by decision 
makers to prepare for and respond 
to regional climate change.  Backus 
et al. (2010) “Chu Report” used 
similar methods.

• Reviewed literature
• Briefed Tom Hunter & prepared BOD briefing
• Downloaded and analyzed archived data
• Comparison to historical data
• Statistical framework development
• Built ongoing collaboration with UNM
• Convened 2 AGU sessions on UQ/climate
• Organized CCSM Workshop UQ session

IA should provide the following information

1.Which SMU(s) will benefit from this R&D, and over what 

time frame ?

Primarily ECI (formerly ERN, but now with the word 

“climate” in the now in the name!  Also (DSA, HSD, and 

STE).  ECI is already seing the benefit, others (<2yrs).

2.What is the impact/legacy of this project?

Multiple impacts include follow-on work, and new 

programs including  NNSA BER climate project, 

Greenhouse Gas Information System (GHGIS), Brinkman 

Initiative (CSSEF) as well as multiple strategic partners.
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Background: Global Climate Sensitivity

Climate Sensitivity ΔT2x

The increase in equilibrium mean global surface temperature due to the 

equivalent forcing (with short-term feedbacks) of doubled CO2.  There is a 

strong scientific consensus that the best estimate is about 3 ºC, but until 

recently there has been very little effort at uncertainty quantification.  The 

degree of uncertainty is not yet “settled science”.

This is not useful by itself for assessing regional climate change

Best estimate is not sufficient.  Policy needs uncertainty!
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Relative probability

Cumulative Probability
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Current resolution is too low for regional forecasts

Data taken from IPCC models are 
based on global grids and 
underresolved from the perspective of 
regional climate forecasts. 

Parameterizations are used for 
physical and biological processes that 
take place on smaller scales. Regional 
topographic influences and local 
climates are entirely ignored. 
Nevertheless, gross changes in 
climate variables that are influenced 
by larger-scale processes (e.g. 
radiative imbalance, ocean 
temperatures and jet stream location) 
are properly accounted for.

Adopt NCDC U.S. Standard Region definitions
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NCDC Region Data can be compared to IPCC runs

IPCC Experiments
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IPCC Models

Size of grid: GISS e_h (USA)  4°
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Size of grid: CCSM T47 (USA) 3.7°

Size of grid: GISS AOM (USA) 3°
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Size of grid: MRI (Japan) 1.86°

Size of grid: UKMO HADGEM1 (UK) 1.25°
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Size of grid: MIROC (Japan) 1.12°

Size of grid: INVG-ECHAM (Italy) 1.12°
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Interpolated: INVG-ECHAM (Italy) 1.12°

Contoured: INVG-ECHAM (Italy) 1.12°
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Contoured: INVG-ECHAM (Italy)

GISS e_r (USA)  4° ensemble
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