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            Abstract
RECENT examinations of the possible hydrological response to global warming have emphasized changes in average conditions, rather than individual flooding events1â€“5. Historical accounts suggest, however, that such events may have had a considerable regional impact6â€“9 even in the face of any relatively modest climate change8. Here I present a 7,000-year geological record of overbank floods for upper Mississippi river tributaries in mid-continent North America, which provides concrete evidence for a high sensitivity of flood occurrence to changing climate. During a warmer, drier period between about 3,300 and 5,000 years ago, the largest, extremely rare floods were relatively smallâ€”the size of floods that now occur about once every fifty years. After ~3,300 years ago, when the climate became cooler and wetter, an abrupt shift in flood behaviour occurred, with frequent floods of a size that now recurs only once every 500 years or more. Still larger floods occurred between about AD 1250 and 1450, during the transition from the medieval warm interval to the cooler Little Ice Age. All of these changes were apparently associated with changes in mean annual temperature of only about 1â€“2 Â°C and changes in mean annual precipitation of â©½10â€“20%.




            
                
                    

    
        
            
                
                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
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        An extremeness threshold determines the regional response of floods to changes in rainfall extremes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 August 2021
                                    

                                

                                Manuela I. Brunner, Daniel L. Swain, â€¦ Ralf Ludwig

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Changing climate both increases and decreases European river floods
                                        
                                    

                                    
                                        Article
                                        
                                         28 August 2019
                                    

                                

                                GÃ¼nter BlÃ¶schl, Julia Hall, â€¦ Nenad Å½ivkoviÄ‡

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Enhancement of river flooding due to global warming
                                        
                                    

                                    
                                        Article
                                         Open access
                                         30 November 2022
                                    

                                

                                Haireti Alifu, Yukiko Hirabayashi, â€¦ Hideo Shiogama

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Rind, D. et al. Nature 358, 119â€“122 (1992).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Mimikou, M. A. et al. in Hydrology for the Water Management of Large River Basins (eds Van de Ven, F. H. M. et al.) 173â€“182 (Int. Assoc. Hydrol. Sci. Publ. No. 201, 1991).

                    Google ScholarÂ 
                

	Rind, D. J. geophys. Res. 93, 5385â€“5412 (1988).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Gleick, P. H. Rev. Geophys. 27, 329â€“344 (1089).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Lettenmaier, D. P. & Gan, T. Y. Water Resources Res. 26, 69â€“86 (1990).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Folland, C. K. et al. in Climate Change: The IPCC Scientific Assessment (eds Houghton, J. T. et al.) 195â€“238 (Cambridge Univ. Press, 1990).

                    Google ScholarÂ 
                

	Lamb, H. H. Climate: Present, Past and Futureâ€”Vol. 2, Climatic History and the Future 143â€“145 (Methuen, London, 1977).

                    Google ScholarÂ 
                

	Zhang, D. in Quaternary Geology and Environment in China (ed. Liu, T.) 208â€“213 (Science Press, Beijing, 1991).

                    Google ScholarÂ 
                

	Grove, J. M. Arct. Alp. Res. 4, 131â€“138 (1972).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Knox, J. C. in Flood Geomorphology (eds Baker, V. R. et al.) 279â€“300 (Wiley, New York, 1988).

                    Google ScholarÂ 
                

	Bryson, R. A. Geogr. Bull. 8, 228â€“269 (1966).

                    Google ScholarÂ 
                

	Bernabo, J. C. & Webb, III, T. Quat. Res. 8, 64â€“96 (1977).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Bartlein, P. J. et al. Quat. Res. 22, 361â€“374 (1984).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Chumbley, C. A. et al. Science 249, 272â€“274 (1990).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Davis, A. M. Ann. Assoc. Am. Geog. 67, 204â€“213 (1977).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Keen, K. L. & Shane, L. C. K. Geol. Soc. Am. Bull. 102, 1646â€“1657 (1990).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	King, J. E. Ecol. Monogr. 51, 43â€“62 (1981).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Maher, L. J. in Quaternary History of the Driftless Area (eds Knox, J. C. et al.) 119â€“135 (Wisconsin Geology & Natural History Survey, 1982).

                    Google ScholarÂ 
                

	Winkler, M. G. et al. Quat. Res. 25, 235â€“250 (1986).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Wright, Jr. H. E. et al. Geol. Soc. Am. Bull. 74, 1371â€“1396 (1963).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Baker, R. G. et al. Quat. Res. 37, 379â€“389 (1992).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Lane, E. W. & Carlson, E. J. Proc. 5th int. Assoc. Hydraul. Res. Congr. 37â€“48 (1953).

                    Google ScholarÂ 
                

	Wolman, M. G. & Eiler, J. P. Trans. Am. geophys. Un. 39, 1â€“14 (1958).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Fahnestock, R. K. U.S. Geol. Surv. Prof. Pap. 422-A (U.S. Government Printing Office, 1963).

	Kellerhals, R. J. Waterways, Harbors Coastal Eng. Div., Am. Soc. Civ. Eng. 93, 63â€“84 (1967).

                    Google ScholarÂ 
                

	Scott, K. M. & Gravlee, G. C. Jr U. S. Geol. Surv. Prof. Pap. 422-M (U.S. Government Printing Office, 1968).

	Knox, J. C. Quat. Res. 23, 287â€“300 (1985).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Stuiver, M. & Reimer, P. J. Radiocarbon 28, 1022â€“1030 (1986).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Guidelines for Determining Flood Flow Frequency Bull. 17B (U.S. Water Resources Council, Washington DC, 1981).

	Dunne, T. & Leopold, L. B. Water in Environmental Planning 646â€“649 (Freeman, San Francisco, 1978).

                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	234 Science Hall, Department of Geography, University of Wisconsin, Madison, Wisconsin, 53706, USA
James C. Knox


Authors	James C. KnoxView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Knox, J. Large increases in flood magnitude in response to modest changes in climate.
                    Nature 361, 430â€“432 (1993). https://doi.org/10.1038/361430a0
Download citation
	Received: 21 September 1992

	Accepted: 21 December 1992

	Issue Date: 04 February 1993

	DOI: https://doi.org/10.1038/361430a0


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

                
                    	
                            
                                
                                    
                                        Multitemporal relative landslide exposure and risk analysis for the sustainable development of rapidly growing cities
                                    
                                

                            
                                
                                    	Mariano Di Napoli
	Pietro Miele
	Diego Di Martire


                                
                                Landslides (2023)

                            
	
                            
                                
                                    
                                        Earthâ€™s sediment cycle during the Anthropocene
                                    
                                

                            
                                
                                    	Jaia Syvitski
	Juan Restrepo Ã�ngel
	Daniel Olago


                                
                                Nature Reviews Earth & Environment (2022)

                            
	
                            
                                
                                    
                                        New indices for assessing changes in seasons and in timing characteristics of air temperature
                                    
                                

                            
                                
                                    	Ali Akbar Hekmatzadeh
	Sadegh Kaboli
	Ali Torabi Haghighi


                                
                                Theoretical and Applied Climatology (2020)

                            
	
                            
                                
                                    
                                        Detecting flood prone areas in Harris County: a GIS based analysis
                                    
                                

                            
                                
                                    	Falguni Mukherjee
	Deepika Singh


                                
                                GeoJournal (2020)

                            
	
                            
                                
                                    
                                        Rainfall occurrence and its relation to flood damage in China from 2000 to 2015
                                    
                                

                            
                                
                                    	Li Wei
	Kai-heng Hu
	Xu-dong Hu


                                
                                Journal of Mountain Science (2018)

                            


                

            

        
    

            
                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
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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: ]
