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            Abstract
The atmosphere and ionosphere of Venus have been studied in the past by spacecraft with remote sensing1,2,3,4 or in situ techniques3,4. These early missions, however, have left us with questions about, for example, the atmospheric structure in the transition region from the upper troposphere to the lower mesosphere (50–90 km) and the remarkably variable structure of the ionosphere. Observations become increasingly difficult within and below the global cloud deck (<50 km altitude), where strong absorption greatly limits the available investigative spectrum to a few infrared windows and the radio range. Here we report radio-sounding results from the first Venus Express Radio Science5 (VeRa) occultation season. We determine the fine structure in temperatures at upper cloud-deck altitudes, detect a distinct day–night temperature difference in the southern middle atmosphere, and track day-to-day changes in Venus’ ionosphere.
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                    Figure 1: 
Temperature profiles from DOY 234, 2006 at latitude 71° N, derived with three different upper boundary temperature conditions of 170, 200 and 230 K.
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Figure 2: 
Venus temperature height profiles from VeRa radio-sounding observations.
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Figure 3: 
Venus temperature maps derived from VeRa radio occultation data.
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Figure 4: 
Daytime electron density profiles in the ionosphere of Venus.
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Figure 5: 
Four electron density profiles from the nightside of Venus.
[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The second Venus flyby of BepiColombo mission reveals stable atmosphere over decades
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 December 2023
                                    

                                

                                Jörn Helbert, Rainer Haus, … Harald Hiesinger

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Thermal structure of the Venusian atmosphere from the sub-cloud region to the mesosphere as observed by radio occultation
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 February 2020
                                    

                                

                                Hiroki Ando, Takeshi Imamura, … Maria Antonita

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The nightside cloud-top circulation of the atmosphere of Venus
                                        
                                    

                                    
                                        Article
                                        
                                         21 July 2021
                                    

                                

                                Kiichi Fukuya, Takeshi Imamura, … Masato Nakamura

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Mariner Stanford Group. Venus: ionosphere and atmosphere as measured by dual-frequency radio occultation of Mariner V. Science 158, 1678–1683 (1967)

	Howard, H. T. et al. Venus: mass, gravity field, atmosphere, and ionosphere as measured by the Mariner 10 dual-frequency radio system. Science 183, 1297–1301 (1974)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Hunten, D. M., Colin, L., Donahue, T. M. & Moroz, V. I. (eds) Venus (Univ. Arizona Press, Tucson, 1983)

                    Google Scholar 
                

	Bougher, S. W., Hunten, D. M. & Phillips, R. J. (eds) Venus II: Geology, Geophysics, Atmosphere, and Solar Wind Environment (Univ. Arizona Press, Tucson, 1997)

                    Google Scholar 
                

	Häusler, B. et al. Radio science investigations by VeRa onboard the Venus Express spacecraft. Planet. Space Sci. 54, 1315–1335 (2006)
Article 
    ADS 
    
                    Google Scholar 
                

	Fjeldbo, G., Kliore, A. J. & Eshleman, V. R. The neutral atmosphere of Venus as studied with the Mariner V radio occultation experiments. Astron. J. 76, 123–140 (1971)
Article 
    ADS 
    
                    Google Scholar 
                

	von Zahn, U., Kumar, S., Niemann, H. & Prinn, R. in Venus (eds Hunten, D. M., Colin, L., Donahue, T. M. & Moroz, V. I.) 299–430 (Univ. Arizona Press, Tucson, 1983)

                    Google Scholar 
                

	Bertaux, J. L. et al. A warm layer in Venus’cryosphere and high-altitude measurements of HF, HCl, H2O and HDO. Nature 10.1038/nature05974 (thisissue).

	Kliore, A. J. & Patel, I. R. Vertical structure of the atmosphere of Venus from Pioneer Venus Orbiter radio occultations. J. Geophys. Res. 85, 7957–7962 (1980)
Article 
    ADS 
    
                    Google Scholar 
                

	Jenkins, J. M., Steffes, P. G., Hinson, D. P., Twicken, J. D. & Tyler, G. L. Radio occultation studies of the Venus atmosphere with the Magellan spacecraft. 2. Results from the October 1991 experiments. Icarus 110, 79–93 (1994)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Fox, J. L. & Sung, K. Y. Solar activity variations of the Venus thermosphere/ionosphere. J. Geophys. Res. 106, 21305–21336 (2001)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Fox, J. L. & Kliore, A. J. in Venus II: Geology, Geophysics, Atmosphere, and Solar Wind Environment (eds Bougher, S. W., Hunten, D. M. & Philips, R. J.) 161–188 (Univ. Arizona Press, Tucson, 1997)

                    Google Scholar 
                

	Kliore, A. J. & Luhmann, J. G. Solar cycle effects on the structure of the electron density profiles in the dayside ionosphere of Venus. J. Geophys. Res. 96, 21281–21289 (1991)
Article 
    ADS 
    
                    Google Scholar 
                

	Kliore, A. J., Luhmann, J. G. & Zhang, M. H. G. The effect of the solar cycle on the maintenance of the nightside ionosphere of Venus. J. Geophys. Res. 96, 11065–11071 (1991)
Article 
    ADS 
    
                    Google Scholar 
                

	Taylor, F. W. et al. Structure and meteorology of the middle atmosphere of Venus: infrared remote sensing from the Pioneer orbiter. J. Geophys. Res. 85, 7963–8006 (1980)
Article 
    ADS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank H. Svedhem, F. Jansen, the Project Science Team at ESTEC and the Flight Control Team at ESOC for continuous support. The German and the US part of VeRa are supported by DLR, Bonn-Oberkassel and by a contract with NASA, respectively.


Author information
Authors and Affiliations
	 Rheinisches Institut für Umweltforschung, Abt. Planetenforschung, Universität zu Köln, Aachener Strasse 201–209, 50931 Köln, Germany , Köln
M. Pätzold & S. Tellmann

	Institut für Raumfahrttechnik, Universität der Bundeswehr München, 85577 Neubiberg, Germany
B. Häusler, R. Mattei & W. Eidel

	 Argelander-Institut für Astronomie, Auf dem Hügel 71, 53121 Bonn, Germany , Bonn
M. K. Bird

	 Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California 91109, USA , California
S. W. Asmar

	 Observatoire Royal de Belgique, 3 Avenue Circulaire, 1180 Brussels, Belgium , Brussels
V. Dehant

	 Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency, 3-1-1 Yoshinodai, Sagamihara, Japan , Sagamihara
T. Imamura

	 Space, Telecommunications, and Radioscience Laboratory (MC 9515), Stanford University, Stanford, California 94305-4020, USA , California
R. A. Simpson & G. L. Tyler


Authors	M. PätzoldView author publications
You can also search for this author in
                        PubMed Google Scholar



	B. HäuslerView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. K. BirdView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. TellmannView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. MatteiView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. W. AsmarView author publications
You can also search for this author in
                        PubMed Google Scholar



	V. DehantView author publications
You can also search for this author in
                        PubMed Google Scholar



	W. EidelView author publications
You can also search for this author in
                        PubMed Google Scholar



	T. ImamuraView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. A. SimpsonView author publications
You can also search for this author in
                        PubMed Google Scholar



	G. L. TylerView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                M. Pätzold.


Supplementary information

Supplementary Figures
The file contains Supplementary Figures S1-S2 with Legends. (PDF 362 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Pätzold, M., Häusler, B., Bird, M. et al. The structure of Venus’ middle atmosphere and ionosphere.
                    Nature 450, 657–660 (2007). https://doi.org/10.1038/nature06239
Download citation
	Received: 23 May 2007

	Accepted: 05 September 2007

	Published: 29 November 2007

	Issue Date: 29 November 2007

	DOI: https://doi.org/10.1038/nature06239


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

                
                    	
                            
                                
                                    
                                        Direct production of molecular oxygen from carbon dioxide and helium ion collisions
                                    
                                

                            
                                
                                    	Yaya Zhi
	Qiang Guo
	Shan Xi Tian


                                
                                Communications Chemistry (2023)

                            
	
                            
                                
                                    
                                        Venus, the Planet: Introduction to the Evolution of Earth’s Sister Planet
                                    
                                

                            
                                
                                    	Joseph G. O’Rourke
	Colin F. Wilson
	Frances Westall


                                
                                Space Science Reviews (2023)

                            
	
                            
                                
                                    
                                        Venus sample return mission revisited
                                    
                                

                            
                                
                                    	Dominique Valentian
	Christophe Koppel
	Loup Mairet


                                
                                Experimental Astronomy (2022)

                            
	
                            
                                
                                    
                                        Evaluation of a method to retrieve temperature and wind velocity profiles of the Venusian nightside mesosphere from mid-infrared CO2 absorption line observed by heterodyne spectroscopy
                                    
                                

                            
                                
                                    	Kosuke Takami
	Hiromu Nakagawa
	Gabriella Gilli


                                
                                Earth, Planets and Space (2020)

                            
	
                            
                                
                                    
                                        Calibration Techniques for Studying Venus and Mars Atmospheres
                                    
                                

                            
                                
                                    	Edoardo Gramigna


                                
                                Aerotecnica Missili & Spazio (2020)

                            


                

            

        
    

            
                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
Still delivering
ESA's Venus Express probe has been in orbit since April 2006. Eight research papers in this issue present new results from the mission, covering the atmosphere, polar features, interactions with the solar wind and the controversial matter of venusian lightning. Håkan Svedham et al. open the section with a review of the similarities and (mostly) differences between Venus and its 'twin', the Earth. Andrew Ingersoll considers the latest results, and also how the project teams plan to make the most of the probe's remaining six years of life.

show all

    

    
    

    
        
            
                
                    
                        
                            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 — 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: ]
