







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 07 November 2016



                    Magnetic reversals from planetary dynamo waves

                    	Andrey Sheyko1, 
	Christopher C. Finlay2 & 
	Andrew Jackson1Â 



                    

                    
                        
    Nature

                        volumeÂ 539,Â pages 551â€“554 (2016)Cite this article
                    

                    
        
            	
                        4765 Accesses

                    
	
                        18 Citations

                    
	
                            52 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Computational science
	Core processes
	Fluid dynamics
	Geomagnetism


    


                
    
    

    
    

                
            


        
            Abstract
A striking feature of many natural dynamos is their ability to undergo polarity reversals1,2. The best documented example is Earthâ€™s magnetic field, which has reversed hundreds of times during its history3,4. The origin of geomagnetic polarity reversals lies in a magnetohydrodynamic process that takes place in Earthâ€™s core, but the precise mechanism is debated5. The majority of numerical geodynamo simulations that exhibit reversals operate in a regime in which the viscosity of the fluid remains important, and in which the dynamo mechanism primarily involves stretching and twisting of field lines by columnar convection6. Here we present an example of another class of reversing-geodynamo model, which operates in a regime of comparatively low viscosity and high magnetic diffusivity. This class does not fit into the paradigm of reversal regimes that are dictated by the value of the local Rossby number (the ratio of advection to Coriolis force)7,8. Instead, stretching of the magnetic field by a strong shear in the eastâ€“west flow near the imaginary cylinder just touching the inner core and parallel to the axis of rotation is crucial to the reversal mechanism in our models, which involves a process akin to kinematic dynamo waves9,10. Because our results are relevant in a regime of low viscosity and high magnetic diffusivity, and with geophysically appropriate boundary conditions, this form of dynamo wave may also be involved in geomagnetic reversals.
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                    Figure 1: Control parameters of a selection of numerical geodynamo models that exhibit polarity reversals.[image: ]


Figure 2: Magnetic field time-dependence for dynamo S6.[image: ]


Figure 3: Magnetic field polarity reversal process.[image: ]


Figure 4: Time-averaged flow in dynamo S6.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Systematics of reversal period versus dynamo-wave predictions.
Comparison of the scaling of periods predicted by Parkerâ€™s dynamo-wave theory (Equation (1)) and the periods obtained in the dynamo calculations. Periods in the numerical calculations are determined from spectral analysis of the time series of dipole latitudes. The predicted periods from Parkerâ€™s dynamo-wave theory are calculated from volume-averaged helicity and zonal toroidal kinetic energy time-averaged over the last three reversals in the simulation or, in shorter simulations, during the second half of the reversing interval, with Î³â€‰=â€‰200 (Equation (1)). Numerical values of measured and estimated periods are provided in Extended Data Table 2.


Extended Data Figure 2 Time dependence of dipole tilt for dynamo S6.07.
The time dependence of the dipole tilt, determined from the first three Gauss coefficients [image: ] of the magnetic field at the outer boundary. Units are magnetic diffusion times. S6.07 was started from a previous run S6.06, and then the Rayleigh number Ra was increased by a factor of two.


Extended Data Figure 3 The temperature drop between the ICB and the CMB in runs S6 and S6Îµ0.
Run S6Îµ0 starts from S6; the temperature drop increases after the internal heating is switched off.


Extended Data Figure 4 Radial temperature gradient on the ICB in runs S6 and S6Îµ0.
Steady-state values are âˆ’13.1 and âˆ’25.1 for runs S6 and S6Îµ0, respectively (see Equations (3) and (4)).


Extended Data Figure 5 Secular cooling normalized by the steady-state heat flux through the CMB (see Equation (5)), for runs S6 and S6Îµ0.

Extended Data Figure 6 Time dependence of dipole latitude for dynamos S6 and S6Îµ0.
The plot for S6 is shifted along the time axis to overlap S6Îµ0.


Extended Data Table 1 Selection of previous geodynamo model reversal studies included in Fig. 1Full size table


Extended Data Table 2 Runs exploring variation of reversals with control parameters and set-upFull size table





Supplementary information
Radial magnetic field at the surface of the liquid core
The radial magnetic field Br at the core-mantle boundary (CMB) is plotted in Hammer projection. Time marks are in magnetic diffusion units and values correspond to abscissas in Fig. 2. Frames are on average one thousand timesteps apart. (MP4 14582 kb)


Longitude-averaged azimuthal magnetic field in the meridional section
The azimuthal magnetic field is averaged in longitude to give Bj. One can see bands of the magnetic field with alternating sign appearing at the equator and travelling polewards. Time marks are in magnetic diffusion units and values correspond to abscissas in Fig. 2. Frames are on average one thousand timesteps apart. (MP4 10997 kb)


Radial magnetic field above the equatorial plane
The radial magnetic field Br in the plane parallel to equatorial in the middle of the shell between inner and outer boundaries, i.e. at z = (ri + ro)/2. One can see regularly altering directions of the field Br. Time marks are in magnetic diffusion units and values correspond to abscissas in Fig. 2. Frames are on average one thousand timesteps apart. (MP4 14515 kb)


Longitude-averaged azimuthal velocity field in the meridional section
The azimuthal velocity field u' is averaged in longitude. The prograde flow evident in the time-averaged Fig. 4 appears here in the form of prograde columns existing much of the time in the southern hemisphere. Time marks are in magnetic diffusion units and values correspond to abscissas in Fig. 2. Frames are on average one thousand timesteps apart. (MP4 14478 kb)


Azimuthal velocity field above the equatorial plane
The azimuthal velocity field uÏ† in the plane parallel to equatorial in the middle of the shell between inner and outer boundaries, i.e. at z = (ri + ro)/2. One can clearly see the mean westward drift of the flow. Time marks are in magnetic diffusion units and values correspond to abscissas in Fig. 2. Frames are on average one thousand timesteps apart. (MP4 14460 kb)


Temperature on the surface of the liquid core
The temperature at the core-mantle boundary is in Hammer projection. The southern hemisphere turned out to be always colder during the reversals. Time marks are in magnetic diffusion units and values correspond to abscissas in Fig. 2. Frames are on averageone thousand timesteps apart. (MP4 10964 kb)


Radial magnetic field at the Earthâ€™s surface
The radial component of the magnetic field Br at the radius corresponding to the Earthâ€™s surface is plotted in Hammer projection. The mantle is considered to be insulating, and first 13 spherical harmonics of the poloidal field on the core-mantle boundary are upward continued to the Earthâ€™s surface. Time marks are in magnetic diffusion units and values correspond to abscissas in Fig. 2. Frames are on average one thousand timesteps apart. (MP4 11001 kb)
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