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Abstract. The low-moded stochastic model of kinematic geodynamo is studied. The
model is based on the indirect data about the large-scale structure of convection. The in-
tensities of large-scale and turbulent field generators are affected by pulsed multiplicative
noises. These random pulses are interpreted as the formation and destruction of coherent
structures from small-scale modes of velocity and magnetic field. The perturbation of this
control parameters by stochastic influence leads to switching between different dynamo
regimes.

Introduction

The existing modern computing systems does not allow a direct numerical simulation of three-
dimensional problems of the planetary dynamo on geological time scales. The numerical models
describe flows on a small-scale spatial grid at relatively small timescales (∼ 50 kyr), or make it pos-
sible to calculate only the long-evolution large spatial structures. For the models of the second type
large-scale spatial structures of convection need to be specified.

In this study, we describe a kinematic model of geodynamo with six convective cells. The study
is the development of the results of work [1, 2]. The following considerations are chosen for such
structure of convection. Information about this structure can be obtained from the data on inhomo-
geneities in the density of the outer Earth’s core. Results of some studies on splitting functions of the
free oscillations of the Earth were analyzed in [3] and cuts of the density distribution at various depths
were obtained. The splitting functions of the spheroidal mode 11S 4 have a maximum at the liquid core
depth. Corresponding density inhomogeneities are shown in Fig. 1 (left). There is a clear 12-zone
structure which in the first approximation is described by a spherical harmonic Y2

4 .
In [3], a hypothesis on the relevant structure of convection was proposed, where the material

drowns in six areas of the core and pops up in six. Then there is six convection cells (Fig. 1 (right)).
It is clear that with such convection two cells are located in the equatorial region, and two cells are
located still in each hemisphere. Of course, such structure of convection is very disputable. However,
this hypothesis is the basis of our model.

Note that the convective structure of six cells for the liquid core of the Earth has been obtained
as a result of direct numerical simulation for some value of the parameters [4]. In this work, three
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Figure 1. The map of splitting function of spheroidal mode 11S 4 (left). The map of spherical harmonic Y2
4 and

the contour of convective cells (right).

Figure 2. The tangent component of velocity on northern hemisphere [4] (left). The map of spherical harmonic
Y3

4 and the contour of convective cells (right).

convective cells were located in each hemisphere (Fig. 2). The poloidal component of velocity of this
convection is associated with the spherical harmonic Y3

4 .
In this paper, we simulate the different dynamo regimes in a simple kinematic model of geody-

namo. The poloidal component of velocity is determined by the spherical harmonic Y2
4 (six cells).

This 8-modes model with fluctuating of intensities α-effect and large-scale generators. The source of
these fluctuations can be interpreted as a result of synchronization discarded modes of velocity and
magnetic field. Such spontaneous formation and destruction of the coherent structures is well known
in the theory of turbulence [5].

1 Model equations

Consider a spherical shell of a viscous conducting liquid in a rotating coordinate system. The origin
coincides with the center of the shell, and the Oz – axis of rotation. Velocity v is considered a given
constant. The physical parameters of the shell is constant. We also believe that the turbulence in
the shell is isotropic, and α-effect antisymmetric with respect to the equatorial plane. Therefore we
accept scalar parametrization of α-effect in the form α(r, θ) = α0a(r) cos θ, where max |a(r)| ∼ 1 and
the coefficient α0 > 0 determines the intensity of α-effect.
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The dimensionless kinematic dynamo equation can be written as

∂B
∂t

= Rmrot(v0 × B) + Rαrot(a(r) cos θB) + ∆B,

∇ · B = 0,
(1)

where Rm - magnetic Reynolds number, and Rα- amplitude of α-effect. This type of dimensionless
equations corresponds to the choice of outer radius ro of liquid core as length scale L, magnetic
diffusion time L2/νm as the time scale (νm - magnetic diffusivity) and some velocity value U and the
some magnetic field value B0. For a magnetic field are set vacuum boundary conditions on the ro.

We assume that v0 is one of the eigenmodes of the rotating liquid core free oscillations, the
poloidal part of which is mainly determined by Y2

4 . The technique for calculating such eigenmodes is
described in detail in [2].

We selected of magnetic modes by the technique proposed in [6]. Let the magnetic field is rep-
resented by a linear combination of several toroidal and poloidal modes of magnetic field free decay
Tm

kn and Pm
kn, where k – radial index, n – latitude index, and m – longitude index.

The modes selection algorithm is as follows:

1. Sorting of modes at eigenvalues:

P−1..1
01 , T−1..1

01 ,P−2..2
02 , T−2..2

02 , P−3..3
03 , P−1..1

11 , T−3..3
03 ,P−4..4

04 , T−1..1
11 ,P−2..2

12 , T−4..4
04 , P−5..5

05 , . . . .

2. Substitution the combination of modes
∑

i

gi(t)Bi(r) in the induction equation (1).

3. Apply the Galerkin method. We obtain a system

dgk

dt
= Rm

∑
i

Wkigi + Rα

∑
i

Akigi − ηkgk, (2)

where gk(t) – amplitudes of the modes, and ηk – eigenvalues. Matrix W and A are formed by
Galerkin coefficients.

4. Consider the eigenvalues of matrix of the system (2). Let us call the leading and denoted as λ
it of them, which has the largest real part. Clearly, the dynamo works if and only if Reλ > 0.
Increasing the number of modes until the growing solutions.

5. Removing the unnecessary modes.

Note, that dynamo will be oscillating if the λ is imaginary.
The parameters Rm and Rα varied over a logarithmic scale in the ranges [10−1; 103]. Upon ob-

taining the oscillating dynamo, we discarded some modes, if this did not qualitatively change the
situation and did not increase greatly the generation threshold. As a result, the magnetic modes were
the following P0

0,1, P−2
0,3, P2

0,3, P0
1,1, T−2

0,4, T2
0,4, P−2

0,5, and P2
0,5.

The areas of oscillatory and non-oscillatory dynamo on the parameter plane (Rm; Rα) for radial

dependence a(r) = sin
2π(r − ri)

ro − ri
are shown in Fig. 3. This form a(r) is approximate for typical

radial dependence of the α-effect computed from local simulations of weak stratified and fast rotating
magnetoconvection [7].
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Figure 3. The areas of field generation. Red dots: non-oscillatory dynamo; green dots: oscillatory dynamo.
a(r) = sin (2π(r − ri)/(ro − ri)).

Now we introduce in (2) algebraic quenching of α-effect by field energy
∑

j

g2
i (t). Also, introduce

the multiplicative fluctuations of parameters Rem and Rα:

dgk

dt
= Rm(1 + ζ(t))

∑
i

Wkigi +
Rα(1 + ξ(t))

1 +
∑

j g
2
j

∑
i

Akigi − ηkgk, (3)

where ζ(t) and ξ(t) – stochastic processes whit zero means.
As mentioned above, these processes are simulate spontaneously emerging and spontaneously

destroying coherence structure, formed from the discarded modes velocity and magnetic field. The
structure of the processes is following.

We take of the random sequence of points 0 < τ1 < θ1 < τ2 < θ2 < · · · < τk < θk < . . . on the time
axis . We assume that the k-th coherent structure is formed at the time τk and destroyed at the time θk.
Then Tk = τk − θk−1 - waiting time of emergence of coherent structure, and Θk = θk − τk - duration of
its existence. The processes ζ(t) and ξ(t) are zero during the waiting time, and ζ(t) = ζk and ξ(t) = ξk

during the time of existence . Here ζk and ξk independent random variables with zero mean. The
laws of the distribution of these variable, as well as Tk and Θk selected in numerical simulations. The
typical trajectories of processes ξ(t) and ζ(t) is shown at Fig. 3.

2 Number simulation

Consider the some results of computational experiments with the model (3).
Note that on Fig. 3 we see two points of intersection of the separatrices. These separatrices

separate the areas of the oscillating dynamo (green), the non-oscillating dynamo (red) and the area
without generating (white). Then, if we take the one of these points as parameter values, then the
system with the help of fluctuations may be transferred to different dynamo regimes. For one of these
points Rm ≈ 40 and Rα ≈ 150. It’s Earth like values of parameters.
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Figure 4. The typical trajectories of processes ξ(t) and ζ(t).

In the simulation, we used the exponential law of distribution for the waiting time Tk and the
existence time Θk, and themselves these variables were independent. Mean values 〈Tk〉 = 〈Θk〉 = 2.

The values of jumps ζk and ξk are gaussian distributed whis the standard deviation σ.
By selecting different values of (Rem,Rα) in a small neighborhood of a bifurcation point and

different initial conditions, we have received a variety of modes dynamo: quasi-periodic, dynamo-
bursts, the disappearance of the field, followed by growth, irregular reversals.

The results of two simulations, for example, are shown at Fig. 5 and Fig. 6.
In these figures, it is clearly seen how stable polarity regimes alternate with oscillation regimes and

dynamo-bursts. At some intervals, the field almost disappears, and then the dynamo starts working
again.

The source of regular reversals in the model is its internal dynamics, but violation of this cyclical-
ity, failures in the dynamo, the yield on the regime of chaotic reversals arises due to the restructuring
of the turbulence structure.

Conclusion

A low-moded stochastic model of kinematic geodynamo driven by six-cells large-scale flow in Earth’s
core has been developed. The model is based on the indirect data about the large-scale structure of
convection.

The model contains the smallest number of modes – 8. The intensities of large-scale and tur-
bulent field generators are affected by pulsed multiplicative noises. These random fluctuations are
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Figure 5. The amplitudes of dipole (top panel) mode, and poloidal mode P2
0,3 (bottom panel). Standard deviation

σ = 3, mean values 〈Tk〉 = 〈Θk〉 = 2.

interpreted as the formation and destruction of coherent structures from small-scale modes of velocity
and magnetic field.

Earth like values of the magnitude of the alpha effect and the magnetic Reynolds number are
locate on the boundary of the region of field generation. The perturbation of this control parameters by
stochastic influence leads to switching between different dynamo regimes (stable polarity, oscillations,
dynamo-bursts, quenching).
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Figure 6. The amplitudes of dipole (top panel) mode, and toroidal mode T2
0,4 (bottom panel). Standard deviation

σ = 1, mean values 〈Tk〉 = 〈Θk〉 = 2.
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