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            Abstract
Surface weather conditions are closely governed by the large-scale circulation of the Earthâ€™s atmosphere. Recent increases in the occurrence of some extreme weather phenomena1,2 have led to multiple mechanistic hypotheses linking changes in atmospheric circulation to increasing probability of extreme events3,4,5. However, observed evidence of long-term change in atmospheric circulation remains inconclusive6,7,8. Here we identify statistically significant trends in the occurrence of atmospheric circulation patterns, which partially explain observed trends in surface temperature extremes over seven mid-latitude regions of the Northern Hemisphere. Using self-organizing map cluster analysis9,10,11,12, we detect robust circulation pattern trends in a subset of these regions during both the satellite observation era (1979â€“2013) and the recent period of rapid Arctic sea-ice decline (1990â€“2013). Particularly substantial influences include the contribution of increasing trends in anticyclonic circulations to summer and autumn hot extremes over portions of Eurasia and North America, and the contribution of increasing trends in northerly flow to winter cold extremes over central Asia. Our results indicate that although a substantial portion of the observed change in extreme temperature occurrence has resulted from regional- and global-scale thermodynamic changes, the risk of extreme temperatures over some regions has also been altered by recent changes in the frequency, persistence and maximum duration of regional circulation patterns.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Trends in mid-atmospheric geopotential heights.[image: ]


Figure 2: Trends in surface temperature extremes and atmospheric circulation patterns.[image: ]


Figure 3: Trends in circulation patterns and hot extremes over Europe.[image: ]


Figure 4: Circulation pattern and thermal extreme trends for selected regions.[image: ]
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Extended data figures and tables

Extended Data Figure 1 2-, 4- and 8-node SOM analyses.
SOM-derived mid-atmospheric summer (JJA) circulation patterns (500 hPa geopotential height anomalies) over Europe using 2- (a), 4- (b) and 8-node (c) analyses. White boxed values show pattern frequencies in the top left and SOM node numbers in the top right. Time series of SOM circulation pattern occurrence (black (d yrâˆ’1)), persistence (blue (d eventâˆ’1)) and maximum duration (red (d eventâˆ’1)). The slope of the trend line (yrâˆ’1) and P values (in parentheses) are colour coded, with the values from 1979 to 2013 (solid trend line) displayed above those from 1990 to 2013 (dashed trend line). Statistically significant trends (5% significance level; Methods) are shown by bold fonts in the scatter plots. Geopotential height fields are sourced from the NCEP-DOE-R2 reanalysis33.


Extended Data Figure 2 16-node SOM analysis.
SOM-derived mid-atmospheric summer (JJA) circulation patterns (500 hPa geopotential height anomalies) over Europe derived from a 16-node analysis. White boxed values show pattern frequencies in the top left and SOM node numbers in the top right. Time series of SOM circulation pattern occurrence (black (d yrâˆ’1)), persistence (blue (d eventâˆ’1)) and maximum duration (red (d eventâˆ’1)). The slope of the trend line (yrâˆ’1) and P values (in parentheses) are colour coded, with the values from 1979 to 2013 (solid trend line) displayed above those from 1990 to 2013 (dashed trend line). Statistically significant trends (5% significance level; Methods) are shown by bold fonts in the scatter plots. Geopotential height fields are sourced from the NCEP-DOE-R2 reanalysis33.


Extended Data Figure 3 Geopotential height trends and thermal dilation adjustment.
aâ€“d, Northern Hemisphere polar projections of 1979â€“2013 seasonal trends in 500 hPa geopotential heights (same as Fig. 1, reproduced here for convenience). e, Area-weighted trends in seasonal geopotential heights over the Northern Hemisphere and regional SOM domains. fâ€“j, Trends in raw and detrended geopotential height SOM pattern occurrence (OCC), persistence (PER) and maximum duration (DUR) in units of d yrâˆ’1 yrâˆ’1 for domains and seasons highlighted in the main text. The magnitudes of the (removed) seasonal Northern Hemisphere trends can be found in e. Grid cells highlighted in grey contain trends significant at the 5% level (Methods). SOM circulation patterns are abbreviated as follows: A, anticyclonic; C, cyclonic; and combinations of the two represent dipole patterns and westâ€“east configurations. Geopotential height fields are sourced from the NCEP-DOE-R2 reanalysis33.


Extended Data Figure 4 1979â€“2013 (satellite era) robust atmospheric circulation pattern trends.
Time series of circulation pattern occurrence (black (d yrâˆ’1)), persistence (blue (d eventâˆ’1)) and maximum duration (red (d eventâˆ’1)) from the NCEP-DOE-R2 reanalysis33: a, summer over Europe; b, summer over western Asia; c, summer over eastern North America; d, autumn over eastern Asia; e, autumn over western Asia; f, autumn over central North America; g, autumn over eastern North America; and h, spring over Europe. Statistically significant trends ((yrâˆ’1); 5% significance level; Methods) are identified by bold font in the scatter plots.


Extended Data Figure 5 1990â€“2013 (ice era) robust atmospheric circulation pattern trends.
Time series of circulation pattern occurrence (black (d yrâˆ’1)), persistence (blue (d eventâˆ’1)) and maximum duration (red (d eventâˆ’1)) from the NCEP-DOE-R2 reanalysis33: a, winter over western Asia; b, winter over central Asia; c, summer over western Asia; d, summer over eastern North America; e, autumn over western Asia; and f, autumn over eastern North America. Statistically significant trends ((yrâˆ’1); 5% significance level; Methods) are identified by bold font in the scatter plots.


Extended Data Figure 6 1979â€“2013 (satellite era) Northern Hemisphere extreme temperature occurrence trends.
Satellite-era extreme temperature trends (d yrâˆ’1 yrâˆ’1) for winter cold (a) and hot (b) occurrences; spring cold (c) and hot (d) occurrences; summer cold (e) and hot (f) occurrences; and autumn cold (g) and hot (h) occurrences. Trends are calculated from the NCEP-DOE-R2 reanalysis 2-m daily maximum/minimum temperatures33. Grid cells with statistically significant trends (5% significance level; Methods) are stippled.


Extended Data Figure 7 1990â€“2013 (ice era) Northern Hemisphere extreme temperature occurrence trends.
Ice-era extreme temperature trends (d yrâˆ’1 yrâˆ’1) for winter cold (a) and hot (b) occurrences; spring cold (c) and hot (d) occurrences; summer cold (e) and hot (f) occurrences; and autumn cold (g) and hot (h) occurrences. Trends are calculated from the NCEP-DOE-R2 reanalysis 2-m daily maximum/minimum temperatures33. Grid cells with statistically significant trends (5% significance level; Methods) are stippled.


Extended Data Figure 8 Sensitivity of pattern similarity to number of SOM nodes.
To determine an adequate number of SOM nodes, we follow a modified version of the methodology introduced by ref. 12, wherein the mean pattern correlation of all daily geopotential height anomaly fields and their matching SOM node patterns are computed for a suite of different SOM node counts (3, 4, 5, 6, 7 and 8), for all regions and all seasons (black dots). We also compute the maximum/minimum pattern correlation of daily geopotential height anomaly fields with their matching SOM node pattern (red dots) and the maximum/minimum SOM-pattern-to-SOM-pattern correlation (blue triangles). The goal is to select an adequate number of nodes such that: (1) the mean pattern correlation of all daily geopotential height anomaly fields is relatively large; (2) the minimum pattern correlation of daily geopotential height anomaly fields is relatively large; and (3) the maximum SOM-pattern-to-SOM-pattern correlation is relatively small. Similar to ref. 12, we find that four SOM nodes are generally sufficient to capture the different modes of atmospheric variability, but small enough that SOM patterns depict distinct circulations. Geopotential height anomaly fields are sourced from the NCEP-DOE-R2 reanalysis33.


Extended Data Table 1 Significant reanalysis circulation pattern trends and summary of multiple hypothesis testingFull size table


Extended Data Table 2 Quantitative partitioning of temperature extreme trends for select SOM analysesFull size table





Related audio
Reporter Adam Levy investigates the factors influencing extreme temperature events.




PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Source data
Source data to Fig. 1

Source data to Fig. 2




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Horton, D., Johnson, N., Singh, D. et al. Contribution of changes in atmospheric circulation patterns to extreme temperature trends.
                    Nature 522, 465â€“469 (2015). https://doi.org/10.1038/nature14550
Download citation
	Received: 06 November 2014

	Accepted: 27 April 2015

	Published: 24 June 2015

	Issue Date: 25 June 2015

	DOI: https://doi.org/10.1038/nature14550


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Linkages of unprecedented 2022 Yangtze River Valley heatwaves to Pakistan flood and triple-dip La NiÃ±a
                                    
                                

                            
                                
                                    	Shankai Tang
	Shaobo Qiao
	Wenjie Dong


                                
                                npj Climate and Atmospheric Science (2023)

                            
	
                            
                                
                                    
                                        Inter-seasonal connection of typical European heatwave patterns to soil moisture
                                    
                                

                            
                                
                                    	Elizaveta Felsche
	Andrea BÃ¶hnisch
	Ralf Ludwig


                                
                                npj Climate and Atmospheric Science (2023)

                            
	
                            
                                
                                    
                                        Heat extremes in Western Europe increasing faster than simulated due to atmospheric circulation trends
                                    
                                

                            
                                
                                    	Robert Vautard
	Julien Cattiaux
	Pascal Yiou


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Meteorological drivers of resource adequacy failures in current and high renewable Western U.S. power systems
                                    
                                

                            
                                
                                    	Srihari Sundar
	Michael T. Craig
	Flavio Lehner


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Increased impact of heat domes on 2021-like heat extremes in North America under global warming
                                    
                                

                            
                                
                                    	Xing Zhang
	Tianjun Zhou
	Wenmin Man


                                
                                Nature Communications (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Atmospheric circulation and extreme temperatures
Changes in atmospheric circulation â€” the position of the jet stream or intertropical convergence zone for example â€” may be linked to changes in the occurrence of temperature extremes, but quantitative evidence is scarce. Daniel Horton and colleagues identify statistically significant trends in mid-atmospheric circulation patterns over Eurasia and North America, with the trends partially explaining observed changes in extreme temperature. At present, it is unclear whether these trends are related to greenhouse gas emissions or natural variability, and better-understood thermodynamic changes control more of the overall trends in extremes. But in some regions and for some types of extreme temperature events, shifts in atmospheric circulation are an important actor.

show all

    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    The dynamics of temperature extremes
                

                
	Theodore G. Shepherd



                
    
        
            Nature
        
        News & Views
        
        
            24 Jun 2015
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
