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            Abstract
The last interglacial period (about 125,000 years ago) is thought to have been at least as warm as the present climate1. Owing to changes in the Earth's orbit around the Sun, it is thought that insolation in the Northern Hemisphere varied more strongly than today on seasonal timescales2, which would have led to corresponding changes in the seasonal temperature cycle3. Here we present seasonally resolved proxy records using corals from the northernmost Red Sea, which record climate during the last interglacial period, the late Holocene epoch and the present. We find an increased seasonality in the temperature recorded in the last interglacial coral. Today, climate in the northern Red Sea is sensitive to the North Atlantic Oscillation4,5, a climate oscillation that strongly influences winter temperatures and precipitation in the North Atlantic region. From our coral records and simulations with a coupled atmosphere–ocean circulation model, we conclude that a tendency towards the high-index state of the North Atlantic Oscillation during the last interglacial period, which is consistent with European proxy records6,7,8, contributed to the larger amplitude of the seasonal cycle in the Middle East.
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                    Figure 1: Maps of the northernmost Red Sea, and X-radiographs of the two fossil Porites corals.[image: ]


Figure 2: Time series of coral δ18O based on modern, late Holocene, and last interglacial Porites colonies from the northernmost Red Sea and their spectral properties.[image: ]


Figure 3: Coral-based sea surface temperature (SST) anomalies for the northernmost Red Sea and ECHO-G model-based SST and AO/NAO indices.[image: ]


Figure 4: Near-surface air temperature anomalies for the last interglacial and the late Holocene based on the coupled atmosphere–ocean general circulation model ECHO-G.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Five million years of Antarctic Circumpolar Current strength variability
                                        
                                    

                                    
                                        Article
                                         Open access
                                         27 March 2024
                                    

                                

                                Frank Lamy, Gisela Winckler, … Xiangyu Zhao

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Decreased Indian Ocean Dipole variability under prolonged greenhouse warming
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 April 2024
                                    

                                

                                Soong-Ki Kim, Hyo-Jin Park, … Jong-Seong Kug

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The microbial carbon pump and climate change
                                        
                                    

                                    
                                        Article
                                        
                                         15 March 2024
                                    

                                

                                Nianzhi Jiao, Tingwei Luo, … Carol Robinson

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Kukla, G. J. et al. Last interglacial climates. Quat. Res. 58, 2–13 (2002)
Article 
    
                    Google Scholar 
                

	Berger, A. L. Long-term variations of daily insolation and Quaternary climatic changes. J. Atmos. Sci. 35, 2362–2367 (1978)
Article 
    ADS 
    
                    Google Scholar 
                

	Montoya, M., von Storch, H. & Crowley, T. J. Climate simulation for 125 kyr BP with a coupled ocean-atmosphere general circulation model. J. Clim. 13, 1057–1072 (2000)
Article 
    ADS 
    
                    Google Scholar 
                

	Felis, T. et al. A coral oxygen isotope record from the northern Red Sea documenting NAO, ENSO, and North Pacific teleconnections on Middle East climate variability since the year 1750. Paleoceanography 15, 679–694 (2000)
Article 
    ADS 
    
                    Google Scholar 
                

	Rimbu, N., Lohmann, G., Felis, T. & Pätzold, J. Arctic Oscillation signature in a Red Sea coral. Geophys. Res. Lett. 28, 2959–2962 (2001)
Article 
    ADS 
    
                    Google Scholar 
                

	Zagwijn, W. H. An analysis of Eemian climate in western and central Europe. Quat. Sci. Rev. 15, 451–469 (1996)
Article 
    ADS 
    
                    Google Scholar 
                

	Aalbersberg, G. & Litt, T. Multiproxy climate reconstructions for the Eemian and early Weichselian. J. Quat. Sci. 13, 367–390 (1998)
Article 
    
                    Google Scholar 
                

	Klotz, S., Guiot, J. & Mosbrugger, V. Continental European Eemian and early Würmian climate evolution: comparing signals using different quantitative reconstruction approaches based on pollen. Glob. Planet. Change 36, 277–294 (2003)
Article 
    ADS 
    
                    Google Scholar 
                

	Hurrell, J. W. Decadal trends in the North Atlantic Oscillation: Regional temperatures and precipitation. Science 269, 676–679 (1995)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Thompson, D. W. J. & Wallace, J. M. Regional climate impacts of the Northern Hemisphere Annular Mode. Science 293, 85–89 (2001)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Rimbu, N., Lohmann, G., Felis, T. & Pätzold, J. Shift in ENSO teleconnections recorded by a northern Red Sea coral. J. Clim. 16, 1414–1422 (2003)
Article 
    ADS 
    
                    Google Scholar 
                

	Eshel, G., Schrag, D. P. & Farrell, B. F. Troposphere-planetary boundary layer interaction and the evolution of ocean surface density: Lessons from Red Sea corals. J. Clim. 13, 339–351 (2000)
Article 
    ADS 
    
                    Google Scholar 
                

	Scholz, D., Mangini, A. & Felis, T. U-series dating of diagenetically altered fossil reef corals. Earth Planet. Sci. Lett. 218, 163–178 (2004)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Bar-Matthews, M., Ayalon, A. & Kaufman, A. Timing and hydrological conditions of sapropel events in the Eastern Mediterranean, as evident from speleothems, Soreq cave, Israel. Chem. Geol. 169, 145–156 (2000)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Barnston, A. G. & Livezey, R. E. Classification, seasonality and persistence of low-frequency atmospheric circulation patterns. Mon. Weath. Rev. 115, 1083–1126 (1987)
Article 
    ADS 
    
                    Google Scholar 
                

	Rogers, J. C. & McHugh, M. J. On the separability of the North Atlantic oscillation and Arctic oscillation. Clim. Dyn. 19, 599–608 (2002)
Article 
    
                    Google Scholar 
                

	Fyfe, J. C., Boer, G. J. & Flato, G. M. The Arctic and Antarctic Oscillations and their projected changes under global warming. Geophys. Res. Lett. 26, 1601–1604 (1999)
Article 
    ADS 
    
                    Google Scholar 
                

	Shindell, D. T., Miller, R. L., Schmidt, G. A. & Pandolfo, L. Simulation of recent northern winter climate trends by greenhouse-gas forcing. Nature 399, 452–455 (1999)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Held, I. M., Ting, M. & Wang, H. Northern winter stationary waves: theory and modeling. J. Clim. 15, 2125–2144 (2002)
Article 
    ADS 
    
                    Google Scholar 
                

	Keigwin, L. D. & Pickart, R. S. Slope water current over the Laurentian Fan on interannual to millennial time scales. Science 286, 520–523 (1999)
Article 
    CAS 
    
                    Google Scholar 
                

	Noren, A. J., Bierman, P. R., Steig, E. J., Lini, A. & Southon, J. Millennial-scale storminess variability in the northeastern United States during the Holocene epoch. Nature 419, 821–824 (2002)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Stuiver, M. & Reimer, P. J. Extended 14C database and revised CALIB radiocarbon calibration program. Radiocarbon 35, 215–230 (1993)
Article 
    
                    Google Scholar 
                

	Walter, R. C. et al. Early human occupation of the Red Sea coast of Eritrea during the last interglacial. Nature 405, 65–69 (2000)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Stirling, C. H., Esat, T. M., Lambeck, K. & McCulloch, M. T. Timing and duration of the Last Interglacial: evidence for a restricted interval of widespread coral reef growth. Earth Planet. Sci. Lett. 160, 745–762 (1998)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Genin, A., Lazar, B. & Brenner, S. Vertical mixing and coral death in the Red Sea following the eruption of Mount Pinatubo. Nature 377, 507–510 (1995)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Marshall, J. F. & McCulloch, M. T. An assessment of the Sr/Ca ratio in shallow water hermatypic corals as a proxy for sea surface temperature. Geochim. Cosmochim. Acta 66, 3263–3280 (2002)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Felis, T., Pätzold, J. & Loya, Y. Mean oxygen-isotope signatures in Porites spp. corals: inter-colony variability and correction for extension-rate effects. Coral Reefs 22, 328–336 (2003)
Article 
    
                    Google Scholar 
                

	Legutke, S. & Voss, R. The Hamburg Atmosphere-Ocean Coupled Circulation Model Echo-G (Technical Report No. 21, Deutsches Klimarechenzentrum, Hamburg, Germany, 1999)

                    Google Scholar 
                

	Lorenz, S. J. & Lohmann, G. Acceleration technique for Milankovitch type forcing in a coupled atmosphere-ocean circulation model: method and application for the Holocene. Clim. Dyn. (submitted)

	Ghil, M. et al. Advanced spectral methods for climatic time series. Rev. Geophys. 40, doi:10.1029/2001RG000092 (2002)


Download references




Acknowledgements
We thank M. Segl and her team for stable isotope analyses, A. Abu-Hilal and the Aqaba Marine Science Station for support within the Red Sea Programme, N. Rimbu for discussions, M. Zuther for X-ray diffraction analyses, N. Zatloukal for thin sections, J. Zinke for material, W. Hale for comments, and S. Legutke for support with the ECHO-G model. This work was supported by Bundesministerium für Bildung und Forschung through KIHZ and DEKLIM, and by Deutsche Forschungsgemeinschaft through DFG Research Centre ‘Ocean Margins’ at Bremen University.


Author information
Author notes	Salim M. Al-Moghrabi
Present address: Aqaba Special Economic Zone Authority, 77110, Aqaba, Jordan


Authors and Affiliations
	DFG Forschungszentrum Ozeanränder, Universität Bremen, 28359, Bremen, Germany
Thomas Felis, Gerrit Lohmann & Jürgen Pätzold

	Fachbereich Geowissenschaften, Universität Bremen, 28359, Bremen, Germany
Thomas Felis, Gerrit Lohmann, Henning Kuhnert & Jürgen Pätzold

	Max-Planck-Institut für Meteorologie, Modelle & Daten, 20146, Hamburg, Germany
Stephan J. Lorenz

	Daten, 20146
Stephan J. Lorenz

	Heidelberger Akademie der Wissenschaften, 69120, Heidelberg, Germany
Denis Scholz

	Marine Science Station, University of Jordan & Yarmouk University, 77110, Aqaba, Jordan
Saber A. Al-Rousan & Salim M. Al-Moghrabi

	Yarmouk University, 77110, Aqaba
Saber A. Al-Rousan & Salim M. Al-Moghrabi


Authors	Thomas FelisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gerrit LohmannView author publications
You can also search for this author in
                        PubMed Google Scholar



	Henning KuhnertView author publications
You can also search for this author in
                        PubMed Google Scholar



	Stephan J. LorenzView author publications
You can also search for this author in
                        PubMed Google Scholar



	Denis ScholzView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jürgen PätzoldView author publications
You can also search for this author in
                        PubMed Google Scholar



	Saber A. Al-RousanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Salim M. Al-MoghrabiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Thomas Felis.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Supplementary information

Supplementary Tables and Figures
Supplementary Tables S1 to S3: Coral dating, coral-based temperature seasonality, and coral growth rates; Supplementary Figures S1 to S11: Coral- and model-based results; Supplementary Discussion: Details on coral diagenesis as well as information on coral Sr/Ca analyses. (PDF 1333 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Felis, T., Lohmann, G., Kuhnert, H. et al. Increased seasonality in Middle East temperatures during the last interglacial period.
                    Nature 429, 164–168 (2004). https://doi.org/10.1038/nature02546
Download citation
	Received: 30 January 2004

	Accepted: 05 April 2004

	Issue Date: 13 May 2004

	DOI: https://doi.org/10.1038/nature02546


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

                
                    	
                            
                                
                                    
                                        Climate-driven range shifts of Levaillant’s Woodpecker Picus vaillantii in the Western Mediterranean
                                    
                                

                            
                                
                                    	Mehdi Badis
	Can Elverici
	Nabil Hamdi


                                
                                Regional Environmental Change (2024)

                            
	
                            
                                
                                    
                                        Linking climate variability and growth in coral skeletal records from the Great Barrier Reef
                                    
                                

                            
                                
                                    	Emma V. Reed
	Julia E. Cole
	Neal E. Cantin


                                
                                Coral Reefs (2019)

                            
	
                            
                                
                                    
                                        Towards a new paleotemperature proxy from reef coral occurrences
                                    
                                

                            
                                
                                    	Andreas Lauchstedt
	John M. Pandolfi
	Wolfgang Kiessling


                                
                                Scientific Reports (2017)

                            
	
                            
                                
                                    
                                        Changes to Yucatán Peninsula precipitation associated with salinity and temperature extremes of the Caribbean Sea during the Maya civilization collapse
                                    
                                

                            
                                
                                    	Henry C. Wu
	Thomas Felis
	Sander R. Scheffers


                                
                                Scientific Reports (2017)

                            
	
                            
                                
                                    
                                        Atmospheric bridge on orbital time scales
                                    
                                

                            
                                
                                    	Gerrit Lohmann


                                
                                Theoretical and Applied Climatology (2017)

                            


                

            

        
    

            
                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
	Protocol Exchange
	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 Korea
	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 — 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: ]
