
SAP 3.4: Abrupt Climate Change   

Abrupt Climate Change 

Final Report, Synthesis and Assessment Product 3.4 
 

U.S. Climate Change Science Program 
And the Subcommittee on Global Change Research 

Lead Agency 

U. S. Geological Survey 

Contributing Agencies 

National Oceanic and Atmospheric Administration 

National Science Foundation

   i  



SAP 3.4: Abrupt Climate Change   

Federal Executive Team 
Director, Climate Change Science Program .......................................... William J. Brennan 
Director, Climate Change Science Program Office.................................... Peter A. Schultz 
Lead Agency Principal Representative to CCSP; Senior Advisor  

for Global Change Programs, U.S. Geological Survey .........Thomas R. Armstrong 
Product Lead, U.S. Geological Survey ....................................................John P. McGeehin 
Synthesis and Assessment Product Advisory Group Chair;  

Associate Director, EPA National Center for Environmental  
Assessment................................................................................. Michael W. Slimak 

Synthesis and Assessment Product Coordinator, Climate Change  
Science Program Office ............................................................. Fabien J.G. Laurier 

Special Advisor, National Oceanic and Atmospheric Administration .......Chad A. McNutt 

Other Agency Representatives 

U.S. Geological Survey.................................................................................. John A.Barron 
National Oceanic and Atmospheric Administration ..............................David M. Anderson 
National Science Foundation ..................................................................... David J. Verardo 

USGS–CCSP Abrupt Climate Change Federal Advisory Committee 

An 11-member Federal Advisory Committee oversaw the scientific development of this 

Synthesis and Assessment Product (SAP) at the request of the U.S. Geological Survey. 

These Federal Advisory Committee members also served as coordinating lead authors, 

chapter lead authors, and contributing authors to the report. (Additional contributing 

authors are indicated in each chapter.) 

Patrick J. Bartlein, University of Oregon 
Edward Brook, Oregon State University 
Peter U. Clark, Oregon State University 
Edward R. Cook, Columbia University 
Thomas L. Delworth, NOAA 
Shawn Marshall, University of Calgary 
Carrie Morrill, University of Colorado  
Richard Seager, Columbia University 
Konrad Steffen, University of Colorado 
Andrew J. Weaver, University of Victoria 
Robert S. Webb, NOAA 

Editorial and Production Team 

Layout editor, USGS.....................................................................................Kay E. Hedrick 
Copy editor, USGS ..................................................................................... John M. Watson 

   ii  



SAP 3.4: Abrupt Climate Change   

   iii  

This Synthesis and Assessment Product, described in the U.S. Climate Change Science Program (CCSP) 
Strategic Plan, was prepared in accordance with Section 515 of the Treasury and General Government 
Appropriations Act for Fiscal Year 2001 (Public Law 106-554) and the information quality act guidelines 
issued by the Department of Commerce and NOAA pursuant to Section 515 
<http://www.noaanews.noaa.gov/stories/iq.htm>. The CCSP Interagency Committee relies on Department 
of Commerce and NOAA certifications regarding compliance with Section 515 and Department guidelines 
as the basis for determining that this product conforms with Section 515. For purposes of compliance with 
Section 515, this CCSP Synthesis and Assessment Product is an “interpreted product” as that term is used 
in NOAA guidelines and is classified as “highly influential.” This document does not express any 
regulatory policies of the United States or any of its agencies, or provide recommendations for regulatory 
action. 



SAP 3.4: Abrupt Climate Change   

 

 

 

 

  

December 2008 December 2008 

  

Members of Congress: Members of Congress: 

On behalf of the National Science and Technology Council, the U.S. Climate Change Science 
Program (CCSP) is pleased to transmit to the President and the Congress this Synthesis and 
Assessment Product (SAP) Abrupt Climate Change.  This is part of a series of 21 SAPs produced 
by the CCSP aimed at providing current assessments of climate change science to inform public 
debate, policy, and operational decisions.  These reports are also intended to help the CCSP 
develop future program research priorities. 

On behalf of the National Science and Technology Council, the U.S. Climate Change Science 
Program (CCSP) is pleased to transmit to the President and the Congress this Synthesis and 
Assessment Product (SAP) Abrupt Climate Change.  This is part of a series of 21 SAPs produced 
by the CCSP aimed at providing current assessments of climate change science to inform public 
debate, policy, and operational decisions.  These reports are also intended to help the CCSP 
develop future program research priorities. 

The CCSP’s guiding vision is to provide the Nation and the global community with the science-
based knowledge needed to manage the risks and capture the opportunities associated with 
climate and related environmental changes.  The SAPs are important steps toward achieving that 
vision and help to translate the CCSP’s extensive observational and research database into 
informational tools that directly address key questions being asked of the research community. 

The CCSP’s guiding vision is to provide the Nation and the global community with the science-
based knowledge needed to manage the risks and capture the opportunities associated with 
climate and related environmental changes.  The SAPs are important steps toward achieving that 
vision and help to translate the CCSP’s extensive observational and research database into 
informational tools that directly address key questions being asked of the research community. 

This SAP assesses abrupt climate change events where key aspects of the climate system change 
faster than the responsible forcings would suggest and/or faster than society can respond to those 
changes.  It was developed in accordance with the Guidelines for Producing CCSP SAPs, the 
Information Quality Act (Section 515 of the Treasury and General Government Appropriations 
Act for Fiscal Year 2001 (Public Law 106-554)), and the guidelines issued by the Department of 
Interior and the U.S. Geological Survey pursuant to Section 515. 

This SAP assesses abrupt climate change events where key aspects of the climate system change 
faster than the responsible forcings would suggest and/or faster than society can respond to those 
changes.  It was developed in accordance with the Guidelines for Producing CCSP SAPs, the 
Information Quality Act (Section 515 of the Treasury and General Government Appropriations 
Act for Fiscal Year 2001 (Public Law 106-554)), and the guidelines issued by the Department of 
Interior and the U.S. Geological Survey pursuant to Section 515. 

We commend the report’s authors for both the thorough nature of their work and their adherence 
to an inclusive review process. 
We commend the report’s authors for both the thorough nature of their work and their adherence 
to an inclusive review process. 

Sincerely, Sincerely, 

 
Carlos M. Gutierrez 

Secretary of Commerce 
Chair, Committee on 

Climate Change Science 
and Technology Integration 

Samuel W. Bodman 
Secretary of Energy 

Vice Chair, Committee on 
Climate Change Science 

and Technology Integration 

John H. Marburger III 
Director, Office of Science 

and Technology Policy 
Executive Director, Committee 
on Climate Change Science and 

Technology Integration 

   iv  



SAP 3.4: Abrupt Climate Change   

Author Team for this Report 

Preface 

Lead Authors: 
John P. McGeehin, USGS; John A. Barron, USGS; David M. Anderson, NOAA; David J. 
Verardo, NSF 

Executive Summary 

Lead Authors: 
Peter U. Clark, Oregon State University; Andrew J. Weaver, University of Victoria  
Contributing Authors: 
Edward Brook, Oregon State University; Edward R. Cook, Columbia University; Thomas 
L. Delworth, NOAA; Konrad Steffen, University of Colorado 

Chapter 1 

Lead Authors: 
Peter U. Clark, Oregon State University; Andrew J. Weaver, University of Victoria 
Contributing Authors: 
Edward Brook, Oregon State University; Edward R. Cook, Columbia University; Thomas 
L. Delworth, NOAA; Konrad Steffen, University of Colorado 

Chapter 2 

Lead Author: 
Konrad Steffen, University of Colorado 
Contributing Authors: 
Peter U. Clark, Oregon State University; J. Graham Cogley, Trent University; David 
Holland, New York University; Shawn Marshall, University of Calgary; Eric Rignot, 
University of California, JPL/Caltech, and Centro de Estudios Cientificos, Valdivia, 
Chile; Robert Thomas, EG&G Services, NASA Goddard Space Flight Center, Wallops 
Flight Facility, and Centro de Estudios Cientificos, Valdivia, Chile 

Chapter 3 

Lead Author: 
Edward R. Cook, Columbia University 
Contributing Authors: 
Patrick J. Bartlein, University of Oregon; Noah Diffenbaugh, Purdue University; Richard 
Seager, Columbia University; Bryan N. Shuman, University of Wyoming; Robert S. 
Webb, NOAA; John W. Williams, University of Wisconsin; Connie Woodhouse, 
University of Arizona 

Chapter 4 

Lead Author: 
Thomas L. Delworth, NOAA 

   v  



SAP 3.4: Abrupt Climate Change   

   vi  

Contributing Authors: 
Peter U. Clark, Oregon State University; Marika Holland, National Center for 
Atmospheric Research; William E. Johns, University of Miami; Till Kuhlbrodt, 
University of Reading; Jean Lynch-Stieglitz, Georgia Institute of Technology; Carrie 
Morrill, University of Colorado/NOAA; Richard Seager, Columbia University; Andrew 
J. Weaver, University of Victoria; Rong Zhang, NOAA 

Chapter 5 

Lead Author: 
Edward Brook, Oregon State University 
Contributing Authors: 
David Archer, University of Chicago; Ed Dlugokencky, NOAA; Steve Frolking, 
University of New Hampshire; David Lawrence, National Center for Atmospheric 
Research 



SAP 3.4: Abrupt Climate Change   

Acknowledgments 
In addition to the authors, many individuals made important contributions to this 

document. 

The Product Lead and Other Agency Representatives would like to offer their special 

thanks to Thomas Armstrong and Patricia Jellison of the Office of Global Change at the 

USGS for their oversight, advice, and editorial diligence at every stage in the 

development of this report.  

We are grateful to the following individuals for peer reviewing this report: Jess F. 

Adkins, California Institute of Technology; Becky Alexander, University of 

Washington; Paul A. Baker, Duke University; Eric J. Barron, National Center for 

Atmospheric Research; Michael Bentley, University of Durham; Karen L. Bice, Woods 

Hole Oceanographic Institution; Robert Bindschadler, NASA Goddard Space Flight 

Center; Franco Biondi, University of Nevada; Cecilia Bitz, University of Washington; 

Harry Bryden, University of Southampton; Mark Bush, Florida Institute of 

Technology; Ruth Curry, Woods Hole Oceanographic Institution; R. Lawrence 

Edwards, University of Minnesota; Sherilyn C. Fritz, University of Nebraska; 

Yongsong Huang, Brown University; James Kennett, University of California; 

Michael E. Mann, Pennsylvania State University; Mark F. Meier, University of 

Colorado; Germán Mora, Iowa State University; Delia Oppo, Woods Hole 

Oceanographic Institution; David K. Rea, University of Michigan; William Ruddiman, 

University of Virginia; Gavin Schmidt, NASA Goddard Institute for Space Studies; and 

Eli Tziperman, Harvard University. Details of the peer review process can be found at 

http://www.usgs.gov/peer_review/docs/sap3-4_pr_results.pdf. 

We are also grateful to all the reviewers who provided valuable comments during the 

public comment period. The draft manuscript, public review comments and responses by 

the authors can be found at http://www.climatescience.gov/Library/sap/sap3-

4/default.php. 

   vii  

http://www.usgs.gov/peer_review/docs/sap3-4_pr_results.pdf
http://www.climatescience.gov/Library/sap/sap3-4/default.php
http://www.climatescience.gov/Library/sap/sap3-4/default.php


SAP 3.4: Abrupt Climate Change   

   viii  

The high quality layout of this report would not be possible without the expert editorial 

support of John Watson, Kay Hedrick and Anna Glover of the Enterprise Publishing 

Network at the USGS.  Stephen Elmore at George Mason University and Danielle 

Eganhouse at George Washington University also made important fact-checking and 

graphical contributions to the document.  

Thanks to Karen Wood and Arlene Compher of the USGS Office of Communications for 

their sound advice and assistance in ensuring that the various drafts of this report were 

effectively disseminated to reviewers, stakeholders, policy makers, and the general 

public. Thanks also to Caroline Miller at the USGS for her administrative support and to 

the facilitation team of Tricia Gibbons and Kathleen Cleary of Lead Alliance. 

Finally, we wish to thank all of the workshop participants who helped jump-start this 

process in March of 2007. 



SAP 3.4: Abrupt Climate Change   

Synopsis 
For this Synthesis and Assessment Report, abrupt climate change is defined as: 

A large-scale change in the climate system that takes place over a few 
decades or less, persists (or is anticipated to persist) for at least a few 
decades, and causes substantial disruptions in human and natural systems. 

This report considers progress in understanding four types of abrupt change in the 

paleoclimatic record that stand out as being so rapid and large in their impact that if they 

were to recur, they would pose clear risks to society in terms of our ability to adapt: (1) 

rapid change in glaciers, ice sheets, and hence sea level; (2) widespread and sustained 

changes to the hydrologic cycle; (3) abrupt change in the northward flow of warm, salty 

water in the upper layers of the Atlantic Ocean associated with the Atlantic Meridional 

Overturning Circulation (AMOC); and (4) rapid release to the atmosphere of methane 

trapped in permafrost and on continental margins. 

This report reflects the significant progress in understanding abrupt climate change that 

has been made since the report by the National Research Council in 2002 on this topic, 

and this report provides considerably greater detail and insight on these issues than did 

the 2007 Intergovernmental Panel on Climate Change Fourth Assessment Report (IPCC 

AR4).  New paleoclimatic reconstructions have been developed that provide greater 

understanding of patterns and mechanisms of past abrupt climate change in the ocean and 

on land, and new observations are further revealing unanticipated rapid dynamic changes 

of moderns glaciers, ice sheets, and ice shelves as well as processes that are contributing 

to these changes. This report reviews this progress. A summary and explanation of the 

main results is presented first, followed by an overview of the types of abrupt climate 

change considered in this report. The subsequent chapters then address each of these 

types of abrupt climate change, including a synthesis of the current state of knowledge 

and an assessment of the likelihood that one of these abrupt changes may occur in 

response to human influences on the climate system. 
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