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Abstract We present a new web tool, Planetary Dynamo Simulation Explorer, to survey available pub-

lished simulations of rapidly rotating spherical dynamos. With numerical codes and computers becoming in-

creasingly efficient, recent years have seen a surge in publications presenting such computations. Our tool

comes as an interactive catalogue that allows exploring existing dynamos with respect to input and output

dimensionless parameters, choosing from various dynamo set-ups (e.g. choice of boundary conditions, coup-

lings at play, etc.), with the possibility to test scaling laws on a filtered set of simulations. It also links each

dynamo to its associated publication and possibly to online datasets. Alongside the cataloguing work, and to

enhance comparability across various set-ups, conversion rules are explicitly derived and aggregated from pre-

vious studies and applied on a broad scale for the first time. Thought of as a collaborative and scalable initiative,

the web interface allows uploading new simulation metadata. The whole interface, displayed as a website, is

designed for the community to have a better overview while driving transparency, open-source initiatives, and

FAIR principles (Findable, Accessible, Interoperable, Reusable). We encourage the community to explore and

contribute to it at https://geodyn.univ-grenoble-alpes.fr/explorer/.

1 Introduction
The geodynamo is the physical process behind the Earth’s

sustainedmagnetic field. It stems from the complex fluidmo-

tions of the electrically conducting liquid metal within the

outer core. Because these processes occur at extreme depth

and conditions, it appears entirely out of reach of direct ob-

servations or experimental replicas. A similar dynamomech-

anism is at play in other planetary bodies, either terrestrial

planets or giant planets. Our understanding of such pro-

cesses heavily relies on numerical simulations. Simulating

planetary dynamos is a long-standing problem that scientists

have been tackling since the first self-consistent computa-

tion of a geomagnetic field sustained by rotating convection

in a spherical shell that presented polarity reversals by Glatz-

maiers and Roberts (1995). Very early on, numerous efforts

were made to explore the input parameter space with the

idea to extrapolate simulation results down to planetary-like

parameters, leading to the derivation of several scaling laws

(Christensen and Aubert, 2006). More recently, advanced dy-

namo numerical simulations have allowed, by following spe-

cific trajectories in the input parameter space, researchers to

start to disentangle several key characteristic timescales (for

instance, separating betweenmagnetic and convective times,

and simultaneously between magnetic and viscous dissipa-
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tion times), thus providing a remarkably rich overview of

the whole core dynamics (e.g. Schaeffer et al., 2017). In paral-

lel, efforts were conducted to parameterise turbulent interac-

tions (the limiting factor to simulate the dynamics at Earth-

like conditions), relying on large-eddy simulations (LES) to

cut down the numerical cost of such simulations (see Aubert

et al., 2017) as early on, dynamo simulations relied heavily

on hyperdiffusivity for their solution to converge numeric-

ally (see for instance Glatzmaier and Roberts, 1996; Kuang

and Bloxham, 1997; Sakuraba and Kono, 1999). Progress in

computers now allows us to use hyperdiffusivity much more

mildly, in order to get solutions at parameters approaching

Earth’s conditions (Aubert, 2023). For detailed reviews on

the numerical aspects of the planetary dynamo equations, we

refer, for instance, to Christensen and Wicht (2015); Wicht

and Sanchez (2019); Dormy (2025).

Over the past decades, the literature has seen a grow-

ing number of geodynamo simulations, driven by the codes

and computers being increasingly efficient (see Fig. 1). The

majority successfully rely on highly parallelised procedures.

However, because the flow within the outer core is highly

turbulent, describing with precision its dynamics requires

solving the magnetohydrodynamic equations, in a rotating

spherical shell, over a wide range of lengthscales and times-

cales: from O(1000) km for the core size down to O(0.1) m

for the Ekman layer at the boundaries, and from a fraction

of day for inertial waves to about 100 kyr for the magnetic
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Figure 1: Evolution of the number of publications per year con-

taining "geodynamo simulations", either in their title or abstract, as

indexed by Google Scholar.

dissipation of the largest length scales. If one wishes to study

polarity reversals, several million to hundreds of millions of

years must be simulated. In addition, the high magnetic dif-

fusivity of liquid metals makes it energetically expensive to

maintain a magnetic field against Ohmic dissipation. Thus,

conditions of the Earth’s dynamo appear unreachable, com-

putationally speaking.

Nevertheless, various scaling laws were proposed to

bridge the gap, allowing, within diffusionless or low-

diffusion approximations, to extrapolate some dynamical

features down to planetary conditions. Solving the govern-

ing equations that describe the dynamics in the dynamo re-

gion with direct numerical simulations (DNS) is computa-

tionally demanding if we want to reach extreme parameters,

yet far from those of planets. Typically, running a simulation

at Ekman and magnetic Prandtl numbers Ek = 10
−7

and Pm =

10
−1

(Schaeffer et al., 2017), or more recently Ek = 2× 10
−8

and Pm = 10
−2

(Lin et al., 2025) costs several dozen millions

of core–hours (with the dimensionless numbers Ek = 𝜈/Ω𝐷2

and Pm = 𝜈/𝜂, where 𝜈 is the kinematic viscosity, 𝜂 the mag-

netic diffusivity of the fluid, Ω the rotation rate and 𝐷 the

gap between the inner and outer shells). In particular, it is

stressed that the computing resources needed to span a mag-

netic diffusion time increase typically by a factor of about 100

when the Ekman number is divided by 10.

In ten years, significant improvements have been brought

to the high-performance supercomputers, bringing GPU

("Graphics Processing Unit", a massively parallel processing

architecture initially designed for real-time rendering of 3D

scenes and an alternative to CPU, "Central Processing Unit")

to the world of high-performance computing. One can com-

pare the wall-clock time used by the S1 simulation of Schaef-

fer et al. (2017), run on a SandyBridge CPU machine (man-

ufactured in 2013), with the GPU-based machine Adastra

(2023). Going from 16 CPU nodes (256 cores) to 2 GPU

nodes (8 GPUs) led, in 10 years, to a 45-fold speedup. The

power consumption of these two set-ups is similar (7 kW for

the 16 CPU nodes and 5 kW for the 2 GPU nodes), result-

ing in a 60-fold energy consumption reduction for the S1

simulation. This speedup not only accounts for the hard-

ware evolution, but also includes the improvements in the

XSHELLS code (GPU-porting, optimising, mixed-precision),

which was already giving top performance on CPU (Matsui

et al., 2016). There is a growing demand for geodynamo sim-

ulation data, particularly in the context of geomagnetic ob-

servations reanalysis, both over the recent epochs (observat-

ory and satellite data) and on longer timescales (e.g. Istas et

al., 2023; Aubert, 2023; Suttie et al., 2025). The input from nu-

merical simulations indeed plays an increasingly important

role in the framework of data assimilation algorithms, with

applications to the construction of candidate models for the

International Geomagnetic Reference Field model (e.g. Sanc-

hez et al., 2020; Ropp et al., 2020; Fournier et al., 2021). Con-

fronting simulations with observations is a way forward to

evaluate the geophysical relevance of various possible sim-

ulation set-ups (Gillet et al., 2024; Rogers et al., 2025), and

similar situations can be expected for other planets, as space

missions focusing on magnetic field measurements are likely

to raise new issues (e.g. Soderlund et al., 2025). The sci-

entific community around the simulation of rapidly rotat-

ing spherical dynamos carried out important efforts for the

intercomparison of numerical codes, through benchmarks

(Christensen et al., 2001), and of the code efficiency (Mat-

sui et al., 2016), extending to specific configurations such as

the full sphere case (Marti et al., 2014) or the anelastic ap-

proximation (Jones et al., 2011). Meanwhile, there does not

yet exist a standard practice regarding the access and storage

of the output fields. Furthermore, it is of general interest to

avoid recomputing already available simulations, but in this

case, one needs to be aware of their existence and of where

to find the associated datasets.

Overall, it appears necessary to have an in-time monit-

oring of the peer-reviewed numerical dynamo simulations,

thus allowing one to grasp what has been achieved and what

remains to be done. To this end, we present the Planet-
ary Dynamo Simulation Explorer, an online catalogue of

the peer-reviewed numerical dynamo simulations, stemming

from a joint effort initiated within the working group "FAIR-

MOD" set up by the Division I of the International Associ-

ation for Geomagnetism and Aeronomy (IAGA). It follows

on from the preliminary cataloguing work and online tool

Planetary Dynamo Simulation Database (PDSD)
1
by Nath-

anaël Schaeffer, extending it with extra simulations and sev-

eral new features, which will be presented throughout this

paper. It is constructed and thought of as an evolving and

community tool, meaning here that anyone is free to submit

their own numerical data via the explorer website.

The rationale is the following: despite numerous advances

in the broadcast of numerical results, the wealth of simula-

tion data produced (whether the metadata or the computed

fields themselves) remains fragmented and often difficult to

access. Indeed, while many peer-reviewed studies include

key parameters and diagnostics displayed within tables or

figures, they suffer from a lack of standardised, machine-

readable formats, published alongside the papers, that would

be easily read. It typically requires a manual, cumbersome

extraction from within the main text. Even worse, the raw

results of simulations are often neither archived nor pub-

licly available, making reproducibility and in-depth ana-

lysis an overwhelming task. Consequently, researchers seek-

ing to synthesise the results of different studies, to identify

trends in the parameter space, or to rigorously test and refine

1
https://nschaeff.bitbucket.io/PDSD/
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already-existing scaling laws, face a time-consuming and

error-prone task. Also, the lack of a centralised, structured,

comprehensive and extensible catalogue has so far limited

the cumulative potential of the authors’ individual efforts.

Throughout this paper, we discuss the main features im-

plemented within the Planetary Dynamo Simulation Ex-
plorer web tool, which is hosted by the University of Gren-

oble Alpes and developed at ISTerre. It relies on a filter

system on the simulation metadata (e.g. dimensionless in-

puts, dimensionless outputs, numerical set-ups), enhanced

with built-in visualisation tools (encompassing the para-

meter space and the scaling laws). By providing a centralised,

curated and scalable platform, this catalogue aims to support

a more collaborative, transparent and reproducible approach

to the research on the planetary dynamos, helping the com-

munity to browse through the growing corpus of simulations

and extract new scientific insights.

The manuscript is organised as follows. We describe in §2

the considered set of equations, alongwith the dimensionless

quantities of interest. The intercomparison of several set-ups

requires converting the input parameters into the convective

power. We also list dynamos currently available via the ex-

plorer. Then, we present in §3 some practical examples of

applications, with the confrontation between the catalogued

dynamos and scaling laws. In §4 we present the main lines

regarding the technical implementation of the web tool, such

as the data acquisition and the storage procedure. Next, we

discuss in §5 some future challenges and possible evolution

of the dynamo explorer. Finally, we conclude in §6 by provid-

ing a brief summary and advice to ease future extensions of

the webtool.

2 Context, definitions and datasets

2.1 Dynamical system and characteristic
times

As stated in Section 1, the dynamo mechanism, the process

sustaining the magnetic field of Earth and other planets, res-

ults from the motion of electrically conducting fluid in a

spherical shell. Despite the numerous differences between

these bodies, this principle applies to the dynamics in the

cores of terrestrial planets, which are primarily composed of

iron, but also to giant planets, through the motions of pres-

surised metallic hydrogen in the case of Jupiter and Saturn

(e.g. French et al., 2012), and ionised water in ice giants (Ur-

anus and Neptune, e.g. Helled et al., 2020). The same dy-

namo mechanism drives the magnetic field in basal magma

oceans, since molten rocks present a large electrical conduct-

ivity and can therefore generate dynamo action (Schaeffer

et al., 2025). In all cases, this requires solving numerically

for the Navier-Stokes equation (conservation ofmomentum),

coupled to the induction equation that describes the evolu-

tion of the magnetic field. In the case of convective dynamos,

these two are also coupled to a conservation equation for

the entropy in the anelastic approximation (i.e. filtering out

sound waves), restricted to the conservation of heat in the

case of the Boussinesq approximation (within which dens-

ity changes only enter the buoyancy force). For a detailed

description of the associated systems of equations, we refer,

for instance, to Jones et al. (2011) or Christensen and Wicht

(2015). We only provide below the basic material needed

to introduce the main dimensionless numbers and times-

cales, and to understand the variety of set-ups regarding the

thermodynamic state or the mechanical and electromagnetic

(EM) boundary conditions. These various possibilities can be

filtered in the representations proposed with our webtool.

The mechanical boundary condition at play in terrestrial

planetary cores is no slip (i.e. a fluid velocity 𝒖 = 0). However,
because Earth-like values of the Ekman number and mag-

netic Prandtl numbers are not accessible numerically, this

condition may not be geophysically relevant if, for instance,

one wishes to describe torques (coupling) between the core

and the mantle (Pichon et al., 2016). This motivates the use

of stress-free conditions (reading as 𝜕(𝑟𝒖⊥)/𝜕𝑟 = 0, with 𝒖⊥
the velocity tangent to the boundary). This latter is also con-

sidered to model the dynamo in giant planets (even though

the real condition is of a free surface).

The boundary conditions for the magnetic field 𝑩 matter

as much as those for the flow. At the top, most simulations

are run with an electrically insulating outer boundary, as the

electrical conductivity ismuch less in the Earth’smantle than

in the core. Meanwhile, the dynamics in the core is sensit-

ive to the EM boundary condition, which is altered in the

presence of a conducting layer at the base of the mantle (an

explicit condition is provided by Firsov et al., 2023). At the

bottom of the shell, not all simulations consider an electric-

ally conducting inner core (as is the case in planets), and a

significant fraction of the numerical simulations assume an

insulating boundary condition. Alternative conditions may

also be used, such as supraconducting (or perfectly conduct-

ing, 𝑩 ·𝒏 = 0, with 𝒏 the unit vector normal to the boundary),

or ferromagnetic (or pseudo-vacuum, i.e. vanishing field tan-

gent to the boundary: 𝑩⊥ = 0). These latter two are easy

to implement with local numerical methods such as finite

volumes or elements.

For convective dynamos, buoyancy is associated either

with a temperature anomaly in the case of a thermal for-

cing and/or with a chemical heterogeneity in the case of the

release of light elements at the inner-core boundary. Both

can be combined within the so-called codensity approach

(Braginsky and Roberts, 1995), involving a single diffusiv-

ity, or solved with two equations describing a double diffus-

ive convection (e.g. Manglik et al., 2010; Fan and Lin, 2025).

Thermo-chemical convection in terrestrial planetary cores

is controlled by the mantle, which imposes the heat extrac-

tion at the top of the core. It can nevertheless involve heat

sources within the outer core in the presence of radiogenic

elements (e.g. Labrosse, 2003; Davies and Gubbins, 2011). If

the proper boundary condition at the top of Earth’s core is

a fixed heat flux (the mantle controls the extraction of heat

from the core, the thermal diffusivity being so much larger

in the metallic core than in the rocky mantle), convection is

also often solved with fixed temperature. This latter condi-

tion is better suited to the temperature field at the base of the

fluid core, where the phase change occurs between solid and

fluid iron, although it does not represent well the condition

on the buoyancy flux due to fractional crystallisation (Au-

bert et al., 2009). Extra complexity occurs in link with pos-

sibly heterogeneous thermal boundary conditions at the top

(e.g. Willis et al., 2007; Mound and Davies, 2023; Frasson et

al., 2025; Terra-Nova and Amit, 2025). Finally, simulations of

the dynamics in giant planets further involve radially vary-

ing physical properties (e.g. Gastine et al., 2012; Duarte et al.,
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2018).

We recall below the dimensionless induction, momentum

and heat equations in the Boussinesq approximation, using

the gap 𝐷 between the inner and outer shells as the lengths-

cale (of radius respectively 𝑟𝑖 and 𝑟𝑜 ), the viscous time 𝐷2/𝜈

as the timescale, and a magnetic field in units of Alfvén ve-

locity (i.e. 𝑩/
√
𝜌𝜇), with 𝜇 the permeability of the fluid. The

induction equation is then

(1)

𝜕𝑩

𝜕𝑡
= ∇ × (𝒖 × 𝑩) +

1

Pm

∇
2𝑩 ,

with the magnetic field 𝑩 satisfying the solenoidal condition

∇ ·𝑩 = 0 (no magnetic monopole).

Considering that buoyancy is associated with thermal

and/or compositional effects, density is commonly modelled

following the equation of state

(2)𝜌 = 𝜌0

[
1 − 𝛼𝑇 (𝑇 −𝑇0) − 𝛼𝜒 (𝜒 − 𝜒0)

]
,

with 𝑇 the temperature field, 𝜒 the light elements content,

and 𝛼𝑇,𝜒 the thermal and compositional expansion coeffi-

cients. The reference state of density 𝜌0 is characterised

by a temperature 𝑇0 and a concentration of light elements

𝜒0. This latter potentially merges the contribution of various

light elements (e.g. nickel, sulphur, oxygen). The evolution

of𝑇 and 𝜒 are governed by two corresponding dimensionless

conservation equations (e.g. Manglik et al., 2010),

𝜕𝑇

𝜕𝑡
+u ·∇𝑇 =

1

Pr

∇2𝑇 +𝑆𝑇 , (3)

𝜕𝜒

𝜕𝑡
+u ·∇𝜒 =

1

Sc

∇2𝜒 +𝑆𝜒 , (4)

where Pr = 𝜈/𝜅 and Sc = 𝜈/𝜉 are the Prandtl and Schmidt

numbers, with 𝜅 and 𝜉 the thermal and chemical diffusiv-

ities. 𝑆𝑇 corresponds to a volumic heat source term, while 𝑆𝜒
is usually a sink term compensating an increase of the light

elements fraction with time (they accumulate in the outer

core) (e.g. Kutzner and Christensen, 2002).

Because monitoring the two quantities 𝑇 and 𝜒 is com-

putationally and physically more complex, many studies en-

compass both via a single scalar quantity, the density anom-

aly𝐶 = 𝜌 −𝜌0. Assuming that the thermal and compositional

fields diffuse at the same rate (i.e. 𝜅 = 𝜉), then the Prandtl and

Schmidt numbers are equal, and from Eq. (3-4) one obtains

an evolution equation for the dimensionless density anomaly

(here scaled by 𝜌0),

(5)

𝜕𝐶

𝜕𝑡
+ 𝒖 · ∇ (𝐶 +𝐶0) =

1

Pr

∇2
(𝐶 +𝐶0) + 𝐻 ,

with 𝐶0 = −
(
𝛼𝑇𝑇0 +𝛼𝜒 𝜒0

)
. The volumic term 𝐻 = −𝛼𝑇𝑆𝑇 −

𝛼𝜒𝑆𝜒 involves both the thermal and chemical density sources

and sinks. In practice, the diffusion term associated with

the stationary reference state (𝑇0, 𝜒0) may be incorporated

into the volumic source/sink term 𝐻 . Note that the equa-

tion 5 gives the same solution as equations 3 and 4 only if

the boundary conditions on 𝑇 and 𝜒 are identical.

The momentum equation in the rotating reference frame

then reads

𝜕𝒖

𝜕𝑡
+ (∇×𝒖) ×𝒖 +

2

Ek

1𝑧 ×𝒖 =

−∇Π +∇2𝒖 + (∇×𝑩) ×𝑩−Ra𝐶𝑔(𝑟 )1𝑟 + 𝑭 , (6)

where Π is the reduced pressure, including the centrifugal

force. 1𝑧 and 1𝑟 are the unit vectors along respectively the

rotation axis and the radial direction. 𝑭 accounts for forcings

other than buoyancy, such as mechanical forcings like pre-

cession (e.g. Cébron et al., 2019). 𝑔(𝑟 ) is the non-dimensional

gravity profile, normalised to𝑔𝑜 the gravity at the outer shell.

Usually one considers 𝑔(𝑟 ) = 𝑟/𝑟𝑜 when simulating terrestrial

planets, whereas one uses𝑔(𝑟 ) = (𝑟𝑜/𝑟 )
2
for giant planets. The

Rayleigh number is

(7)Ra =

∆𝐶𝑔𝑜𝐷
3

𝜅𝜈
,

with ∆𝐶 the average density anomaly difference between the

bottom and the top of the core. The minus sign in front of

the buoyancy force in Eq. (6) means a positive density an-

omaly 𝐶 sinks. We recover in the thermal case the classical

thermal Rayleigh number Ra =

𝛼𝑇 ∆𝑇𝑔𝑜𝐷
3

𝜅𝜈
by considering

∆𝐶 = −𝛼𝑇 ∆𝑇 , with ∆𝑇 the temperature difference between

the bottom and the top boundaries. Note that depending

on the specificity of the buoyancy set-up, various definitions

of Ra might be considered (Kono and Roberts, 2001). Some

particularities in relation to the buoyancy forcing (heat-flux

based Rayleigh number, Nusselt number, etc.) are further dis-

cussed in the Section 2.2.

From the physical quantities of the system (recalled in

Table 1), one can define several characteristic times, given in

Table 2 (see also Nataf and Schaeffer, 2024). The ratio of these

times defines various dimensionless numbers. Input (or con-

trol) dimensionless numbers (Ek,Pm,Pr and Ra, which enter

equations 1–3, plus the aspect ratio 𝛽 = 𝑟𝑖/𝑟𝑜 ) are recalled in

Table 3. The most common output numbers (such as those

involving the magnitude of the magnetic and velocity fields)

are defined in Table 4. We provide values of all these num-

bers for the Earth’s core as well as Jupiter, the two planetary

dynamos for whichwe found an estimate of the fluid velocity

from the rate of change of the field. This latter property is

mandatory to estimate dimensionless numbers, such as the

magnetic Reynolds number Rm, the Rossby number Ro or

the Alfvén number Al.

Physical properties for the Earth’s outer core in Table 1

have been extracted from Dormy (2025), while for Jupiter

we refer to French et al. (2012), where we considered values

around 𝑟/𝑅𝐽 = 0.85 (with 𝑅𝐽 the reference radius of Jupiter).

The range of thickness𝐷 proposed for the Earth corresponds

to the inner core growth until today, while the rotation rate

Ω has overall decreased throughout Earth’s history (Mitchell

and Kirscher, 2023). For Jupiter,𝐷 depends on the considered

model for its interior, in particular the presence or not of a

stratified dilute core and the radius for the top of the dy-

namo region (e.g. Moore et al., 2022; Militzer and Hubbard,

2024). This translates into a range of possible dimension-

less numbers and aspect ratios, as documented in Tables 2–4.

Earth’s magnetic field values in the bulk are estimated based

on the propagation of torsional Alfvén waves from Gillet et

al. (2010). Models of Jupiter at a radius around 0.85𝑅𝐽 depict a

field strength 𝐵 of several mT there (Connerney et al., 2022).

It is likely stronger deeper in the dynamo region (Bloxham

et al., 2024), and from the ratio of field intensities between

the top and the bulk of the dynamo region in dedicated nu-

merical simulations (Gastine et al., 2014), one can estimate

𝐵 ∼ 2× 10
−2

T inside the Jovian dynamo. Typical fluid velo-

cities are estimated from the rate of change of the field and
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Symbol units Description Earth Jupiter
𝐷 m shell thickness ≃ 2.3×10

6 −3.5×10
6 ∼ 2×10

7 −6×10
7

Ω s
−1

rotation rate ≃ 7.3×10
−5 −10

−4 ≃ 1.8×10
−4

𝜌 kg.m
−3

density ≃ 10
4 ≈ 10

3

𝜈 m
2
.s
−1

kinematic viscosity ∼ 10
−6 ∼ 3×10

−7

𝜅 m
2
.s
−1

thermal diffusivity ∼ 10
−5 ∼ 10

−5

𝜉 m
2
.s
−1

chemical diffusivity ≲ 10
−8 ∼ 3×10

−7

𝜂 m
2
.s
−1

magnetic diffusivity ∼ 1 ∼ 1

𝑈 m.s
−1

fluid velocity ∼ 5×10
−4 ∼ 10

−2

𝐵 T magnetic field intensity ∼ 4×10
−3 ∼ 2×10

−2

∆𝜌 kg.m
−3

density anomaly ∼ 10
−4 ∼ 10

−4

Table 1: List of the main physical quantities and estimations for the Earth and Jupiter (see text for details).

Quantity Name Definition Earth [yr] Jupiter [yr]
𝜏𝜉 chemical diffusion 𝐷2/𝜉 ≳ 10

13 ∼ 3×10
13 −3×10

14

𝜏𝜈 viscous diffusion 𝐷2/𝜈 ∼ 10
11 ∼ 3×10

13 −3×10
14

𝜏𝜅 thermal diffusion 𝐷2/𝜅 ∼ 10
10 ∼ 10

12 −10
13

𝜏𝜂 magnetic diffusion 𝐷2/𝜂 ∼ 10
5 ∼ 10

7 −10
8

𝜏𝑈 turn-over 𝐷/𝑈 ∼ 10
2 ∼ 50−200

𝜏𝐴 Alfvén 𝐷
√
𝜌𝜇/𝐵 ∼ 2 ∼ 1−4

𝜏𝜌 buoyancy
† √︁

𝐷𝜌/𝑔∆𝜌 ∼ 10
−1 ∼ 10

−1

𝜏Ω rotation 1/Ω ≃ 4.4×10
−4 ≃ 1.8×10

−4

Table 2: Orders of magnitude for the characteristic times used to define the dimensionless numbers.
†
The time 𝜏𝜌 associated with buoyancy

is defined here as the free fall time over the outer core thickness 𝐷 . Estimates are based on the values given in Table 1. The magnetic

permeability of the fluid is considered equal to that of free space, 𝜇 = 𝜇0 = 4𝜋 ×10
−7

H/m.

the radial induction equation – see Finlay et al. (2023) for

the Earth, and Sharan et al. (2025); Moore et al. (2019) for

Jupiter. The density jump ∆𝜌 across the spherical shell (ac-

tually the density perturbation around the reference profile)

is at first order estimated from the thermal wind balance, i.e.

2𝜌Ω𝑈 ∼𝑔∆𝜌 , considering 𝑔 ≈ 10 and 25 m/s
2
for respectively

the Earth and Jupiter.

We also document with the dynamo explorer webtool the

values for the fraction of convective power converted into

Ohmic dissipation,

(8)𝑓ohm =

1

𝑃

Ek

Pm

∫
𝑉

(∇ × 𝑩)
2𝑑𝑉 ∈]0,1[ ,

where 𝑃 is the convective power integrated over the whole

core volume. Contrary to Ra, 𝑃 enables consistent compar-

ison between different sources of buoyancy, different buoy-

ancy boundary conditions, and different core geometries (see

§ 2.2). Combined with a magnetic energy much larger than

the kinetic energy (or Al ≪ 1), the low values of Pm imply

𝑓ohm ≈ 1 in both the Earth and Jupiter.

The dynamo explorer finally gives access to

(9)𝑓dip =

√√√√√√√√√√
∫

Σ𝑜

𝐵2

𝑟 |𝑛=1
𝑑Σ∫

Σ𝑜

𝐵2

𝑟 |𝑛≤12
𝑑Σ

∈]0,1[ ,

the fraction of dipole strength to the observable field mag-

nitude at the core surface Σ𝑜 (i.e. stored into spherical har-

monic degrees 𝑛 ≤ 12, see Christensen and Aubert, 2006). For

the Earth’s core, the dipole fraction, with a present value

around 0.7, has likely varied over history within the range

0.45–0.75 (Davies et al., 2022). The current value for Jupiter

is around 0.7, from field models based on Juno data (Conner-

ney et al., 2022).

2.2 Rayleigh number, Nusselt number and
power proxies

The Rayleigh number Ra alone is not enough to character-

ise the strength of the buoyancy forcing. A first reason is

that the onset of convection is strongly affected by the ro-

tation speed and the diffusivity values through the Ekman

and Prandtl numbers (Jones et al., 2000; Dormy et al., 2004),

as well as by the aspect ratio of the dynamo region (Barik

et al., 2023). An important additional piece of information is

provided by theNusselt number Nu, the ratio of the total heat

flux transported over the diffusive heat flux. The product of

Ra and Nu gives access to a proxy for the power of convec-

tion, a quantity of interest because most of the scaling laws

that have been formulated (e.g Christensen andAubert, 2006;

Davidson, 2013) involve the convective power as the main

(and frequently only) scaling variable. In the case of thermal

convection forced by a temperature difference ∆𝑇 at bound-

aries, the Nusselt number writes

Nu =

𝑄𝐷

𝛽Σ𝑜𝑘∆𝑇
, (10)

with Σ𝑜 = 4𝜋𝑟 2

𝑜 the outer core surface, 𝑘 the thermal conduct-

ivity, and 𝑄 the heat flux integrated over the core surface.

The presence of the aspect ratio 𝛽 = 𝑟𝑖/𝑟𝑜 in the denominator

ensures that Nu = 1 in the conductive case. In a (classical)

set-up where a gravity linearly increasing with radius is as-

sumed, i.e. 𝑔(𝑟 ) = 𝑟/𝑟𝑜 , Christensen and Aubert (2006) defined
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Symbol Name Time ratio Definition Earth Jupiter
Ek Ekman 𝜏Ω/𝜏𝜈 𝜈/Ω𝐷2 ∼ 10

−15 ∼ 10
−17 −10

−18

Pr Prandtl 𝜏𝜅/𝜏𝜈 𝜈/𝜅 10
−1

10
−2

Sc Schmidt 𝜏𝜉/𝜏𝜈 𝜈/𝜉 10
3

1

Pm magnetic Prandtl 𝜏𝜂/𝜏𝜈 𝜈/𝜂 ∼ 10
−6 ∼ 3×10

−7

Ra Rayleigh 𝜏𝜅𝜏𝜈/𝜏
2

𝜌 ∆𝐶𝑔𝐷3/𝜅𝜈 ≳ 10
23† ∼ 10

27 −10
30†

𝛽 aspect ratio – 𝑟𝑖/𝑟𝑜 0–0.35 0.2–0.7

Table 3: Dimensionless input parameters with their symbol, name, meaning (with respect to their characteristic times), formal definition

and orders of magnitude for the Earth and Jupiter.
†
Values for Ra are largely uncertain given the various possible convection scenarios.

Symbol Name Time ratio Definition Earth Jupiter
Rm magnetic Reynolds 𝜏𝜂/𝜏𝑈 𝑈𝐷/𝜂 ∼ 10

3 ∼ 3×10
5

Re Reynolds 𝜏𝜈/𝜏𝑈 𝑈𝐷/𝜈 ∼ 10
9 ∼ 10

12

Ro Rossby 𝜏Ω/𝜏𝑈 𝑈 /Ω𝐷 ∼ 3×10
−5 ∼ 10

−6

Al Alfvén 𝜏𝐴/𝜏𝑈
√
𝜌𝜇𝑈 /𝐵 ∼ 10

−2 ∼ 10
−2

Lu Lundquist 𝜏𝜂/𝜏𝐴 𝐷𝐵/𝜂
√
𝜌𝜇 ∼ 10

5 ∼ 3×10
7

Le Lehnert 𝜏Ω/𝜏𝐴 𝐵/Ω𝐷
√
𝜌𝜇 ∼ 10

−4 ∼ 5×10
−5

Λ Elsasser 𝜏𝜂𝜏Ω/𝜏
2

𝐴
𝐵2/𝜌𝜇𝜂Ω ∼ 10

1 ∼ 2×10
3

𝑓ohm Ohmic fraction – see Eq. 8 ≈ 1 ≈ 1

𝑓dip dipolar fraction – see Eq. 9 0.45 – 0.75 0.7

Table 4: Dimensionless output parameters with their symbol, name, meaning (in terms of ratio of characteristic times), formal definition

and orders of magnitude for the Earth and Jupiter (see text for details).

a heat-flux and rotational-time based Rayleigh number:

(11)Ra
*

Q
= Ra(Nu−1)Ek

3/Pr
2,

and a proxy for the volumetric density of power

(12)𝑝𝛾 =

3𝛽

2

(
1 − 𝛽2

1 − 𝛽3

)
Ra

*

Q
.

In the limit of perfect density anomaly mixing by convective

motions, they furthermore demonstrated that 𝑝𝛾 should be

nearly equal to the dimensionless convective power density

(13)𝑝 =

Ek
3

𝑉

∫
𝑉

𝒖 ·𝐶𝑔(𝑟 )1𝑟𝑑𝑉 ,

where 𝑉 is the volume of the shell, i.e. 𝑝 = 𝑃/𝑉 . Comput-

ing the power proxy therefore provides a good estimate of

power, even if this latter is not available in the planetary dy-

namo simulation explorer tool.

boundary gravity spherical Power proxy

condition profile 𝑔(𝑟 ) domain 𝑝𝛾

FC 𝑟/𝑟𝑜 shell

3𝛽

2

1− 𝛽2

1− 𝛽3
Ra

∗
𝑄

FC (𝑟𝑜/𝑟 )
2

shell

3

1 + 𝛽 + 𝛽2
Ra

∗
𝑄

FF 𝑟/𝑟𝑜 shell 𝛾 Ra𝐹

FF 𝑟/𝑟𝑜 full sphere

𝑔𝑜𝐻

5𝜌Ω
3𝐷

Table 5: Summary of the power proxies, depending on the differ-

ent boundary conditions and gravity profiles. ‘FC’ and ‘FF’ stand for

‘fixed codensity’ and ‘fixed codensity flux’ boundary conditions, re-

spectively. See text for details.

The power proxy can also be computed in other set-ups for

the buoyancy and gravity distributions, and we use this to

test below common scaling laws against the whole database.

In the context of giant planets, some authors (e.g. Jones et

al., 2011; Gastine et al., 2016) use a gravity evolving with the

inverse square of radius, i.e. 𝑔(𝑟 ) = (𝑟𝑜/𝑟 )
2
. In this case, and

with an imposed temperature difference at boundaries, the

power proxy writes

(14)𝑝𝛾 =

3

1 + 𝛽 + 𝛽2
Ra

*

Q
.

Keeping a linearly increasing gravity with radius but chan-

ging the thermal boundary conditions to fixed-flux, the rel-

evant definition of the Rayleigh number is now

Ra𝐹 =

𝑔𝑜𝐹

4𝜋𝜌Ω
3𝐷4

. (15)

It involves the total buoyancy flux crossing the shell, 𝐹 =

𝐹𝑖 + 𝐹𝑜 , sum of the inner- and outer- boundary originated

buoyancy fluxes 𝐹𝑖 =

∫
Σ𝑖

𝜅∇𝐶 · 𝒏dΣ and 𝐹𝑜 =

∫
Σ𝑜

𝜅∇𝐶 · 𝒏dΣ,

with 𝒏 the unit vector normal to the considered surface and

Σ𝑖 = 4𝜋𝑟 2

𝑖 the inner core surface. Defining the fraction of in-

ner flux by 𝑓𝑖 = 𝐹𝑖/(𝐹𝑖 + 𝐹𝑜 ) as in Kutzner and Christensen

(2002), Aubert et al. (2009) show that the power proxy is this

time given by

(16)𝑝𝛾 = 𝛾 Ra𝐹

with

(17)

𝛾 =

3

2

(1 − 𝛽)
2

1 − 𝛽3

[
𝑓𝑖

(
3

5

(
1 − 𝛽5

1 − 𝛽3

)
− 𝛽2

)
+ (1 − 𝑓𝑖 )

(
1 − 3

5

(
1 − 𝛽5

1 − 𝛽3

))]
.

When defining the Rayleigh number based on the volumic

source𝐻 instead of 𝐹 , the convective power can be recovered

from the equivalence (in the stationary case) between 𝐹 ,
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the flux across the outer boundary and the integrated heat

production

∫
𝑉

𝐻𝑑𝑉 , which for a homogeneous distribution

of heat sources reads 𝐹 = 𝐹𝑖 + 4𝜋𝑟 3

𝑜 (1 − 𝛽3
)𝐻/3. 𝐹 reduces

to 4𝜋𝐻𝑟 3

𝑜/3 in the case of a full sphere as in the set-up

used by Lin et al. (2025), where 𝑟𝑖 = 0, hence 𝑓𝑖 = 0, so that

𝛾 = 3/5 and from (15-16) 𝑝𝛾 = 𝑔𝑜𝐻/(5𝜌Ω
3𝐷). A summary of

the different cases addressed above is provided in Table 5.

The order of magnitude for 𝑝𝛾 provided in Table A1 for

the Earth and Jupiter correspond to a dimensional power

𝑃 = 𝑝𝛾𝜌Ω
3𝐷2

4

3

𝜋
(
𝑟 3

𝑜 −𝑟 3

𝑖

)
≈ 3 TW and 10

5
TW, respectively

(see Christensen et al., 2009).

The case of top-heavy double-diffusive convection (e.g

Tassin et al., 2021) can be dealt with by simply summing

the power proxies for each source of buoyancy. However,

it should be kept in mind that this will not be applicable to

double-diffusive set-ups where one of the fields is stabilising,

because this will break the perfect-mixing hypothesis under-

lying the computation of power proxies. Because these prox-

ies can fail in such situations, we generally recommend that

simulation datasets should, by default, provide the convect-

ive power, as knowledge of this quantity remains paramount

for studies related to scaling laws.

Figure 2: Available simulations within the parameters space

(Em,Pm), on a logarithm scale.

2.3 Available datasets and references

For this first release of the Planetary Dynamo Simulation
Explorer, we have listed 24 references, covering a period

from 2006 to 2025, accounting for 1942 different simula-

tions, which are summarised inside Tables A1 and A2. Fig.

2 illustrates the parameter space defined by the magnetic

Prandtl number Pm versus the magnetic Ekman number

Em = Ek/Pm, probed by the catalogued references. We dis-

tinguish between DNS and LES. Enhanced dissipation of the

velocity and codensity fields used in LES recently allowed to

reach Earth-like values of Em, with enhanced values of Pm

(Aubert, 2023).

3 Applications

3.1 Some motivations
We illustrate here some potential uses of the explorer tool,

documenting first in §3.2 the extrema of the dimensionless

parameters within the catalogue. We also provide examples

of comparison between established scaling laws and the nu-

merical dataset spanned by the catalogue (see §3.3). The in-

tercomparison of various set-ups requires, in particular, to

translate in terms of convective power the Rayleigh num-

bers considered when using fixed-codensity and fixed-flux

boundary conditions, as recapped in §2.2.

Scaling laws derived by the community are of paramount

importance, as they document the interplay between sev-

eral phenomena through the use of interpretable dimension-

less numbers. They also allow us to assess the overall beha-

viour of computed solutions, and to check whether or not

they have reached an asymptotic regime (see for instance

Christensen and Aubert, 2006; Dormy, 2016). If so, the phys-

ics can be reduced based on assumptions about the balance

of forces (Davidson, 2013). Scaling laws finally give the pos-

sibility to extrapolate to portions of the parameter space

spanned by the Earth and planets that are numerically out

of reach, and to draw hypotheses about their dynamics (e.g.

Christensen and Tilgner, 2004; Christensen et al., 2009). The

tool we are putting forward in this paper aims to help achieve

these goals, allowing us to explore already existing and yet-

to-be-found scaling laws.

3.2 Extreme values
As a database, the online catalogue can easily retrieve ex-

treme values of recorded quantities. The maximum and

minimum of several input and output parameters across all

available simulations are listed in Table A3. We distinguish

between DNS and LES. As an example, LES from Aubert

(2023) allows by design to reach an Ekman number 4 decades

lower than DNS, and Pm 4 times lower. This translates into

lower extreme values of 𝑝𝛾 reached by LES with respect to

DNS. Note that the DNS with the lowest value of Pm = 0.005

has been achieved using a very low Pr = Pm, thus reducing

the power in small length-scales of both the codensity and

the magnetic field (Lin et al., 2025). One also observes that

the dynamos showing the smallest magnetic Reynolds num-

ber have been performed with Rm ≈ 39 by Christensen and

Aubert (2006) and Schwaiger et al. (2019).

We also illustrate in Fig. 3 the distribution of the Ohmic

fraction 𝑓ohm within the ensemble of simulations. Exploring

the catalogue, we observe that values of 𝑓ohm close to one –

expected in planetary cores – can be reached in the whole

range of Pm, and not only for Pm ≪ 1 as it is sometimes

stated. Instead, a key parameter seems to be the magnetic

Reynolds number, as 𝑓ohm > 0.8 is found only for Rm ≳ 200.

No dynamo has been found so far in the area above the black

dotted line of Fig. 3a, suggesting that low Rm and high 𝑓ohm
are incompatible. Nevertheless, values of 𝑓ohm ≳ 0.8 have

been reached mostly for low values of the Ekman number

(see Fig. 3b). A significant fraction of these simulations also

involves low values of the magnetic Prandtl number, since

both Ek and Pm are decreased together when following a

path towards geophysical values (Aubert et al., 2017; Schaef-

fer et al., 2017).
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a. 𝑓𝑜ℎ𝑚 vs Rm b. 𝑓𝑜ℎ𝑚 vs Pm

Figure 3: Fraction of Ohmic dissipation 𝑓𝑜ℎ𝑚 as a function of Rm (a) and of Pm (b), with the colorscale indicating Ek. The dashed black line

indicates the threshold above which the dynamo is not operating.

3.3 Scaling laws

Extensive studies have been carried out in order to build scal-

ing laws from numerical simulations of convective spher-

ical dynamos (e.g. Christensen, 2010; Yadav, Gastine and

Christensen, 2013). We illustrate here how our webtool can

be used to test such scaling laws, adding new numerical data

as they are introduced to our website. In Fig. 4 we reproduce

different examples of laws proposed by Christensen and Au-

bert (2006), including the whole set of convective dynamos

currently listed in the explorer, i.e. excluding precession-

driven dynamos by Cébron et al. (2019). They describe the

scaling for the heat-transport (Fig. 4a), the flow velocity

(Fig. 4b) and magnetic field strength (Fig. 4c).
The confrontation of scaling laws with numerical data

has initially been established on a limited dataset, and only

accounting for fixed-codensity simulations. The two kinds

of boundary conditions are distinguished here based on the

marker. To perform the comparison, we converted the buoy-

ancy flux-based modified Rayleigh numbers Ra𝐹 (run with

a fixed flux boundary condition) into heat flux-based modi-

fied Rayleigh numbers Ra
∗
𝑄
(for a fixed codensity boundary

condition) using the procedure described in Section 2.2.

At first sight, the fix-codensity simulations fit well

the proposed laws within the parameter space probed by

Christensen and Aubert (2006). However, some deviations

appear as we step outside the original range and set-up, as

seen for instance with the laws for Nu
∗

= (Nu−1)Ek/Pr and

Le/
√︁
𝑓ohm versus Ra

∗
𝑄
for both the lower and largest values

of Ra
∗
𝑄
, corresponding to rather high and low values of the

Ekman number (see fig. 4a and c). This may illustrate limit-

ations of the considered laws, which could be restricted to a

specific range of parameters. For the lower values of Ek, it

may also sign simulations run over a limited magnetic dif-

fusive time, due to the high numerical cost.

Furthermore, a significant discrepancy shows up between

the fixed-codensity and the fixed-buoyancy flux simulations,

with offsets appearing, for instance, on the laws for Nu
∗
or Ro

as a function of Ra
∗
𝑄
(see fig. 4a and b). Despite comparable

overall trends witnessed with the two boundary conditions,

the scaling laws initially fitted for a fixed-codensity condi-

tion tend to overestimate the values found with the fixed-

flux condition, despite the translation of the latter via the

convective power 𝑝𝛾 (see §2.2). This may point to a possible

limitation of the approximated conversion that we employed

to translate Ra𝐹 into Ra
∗
𝑄
. Finally, a rather wide spread is ob-

served in particular for fixed-flux simulations when scaling

Le/
√︁
𝑓ohm as a function of Ra

∗
𝑄
, in particular for large values

of this latter (Fig. 4c).

We do not attempt here to test all proposed scaling laws,

but the above examples illustrate a possible interest of our

tool for the validation of scaling laws, or the detection of

some of their limitations, as the impact of specific set-ups (for

instance, non-homogeneous thermal boundary conditions,

torques at play, etc.). We also highlight the difficulty of com-

paring dynamo simulations driven with different thermal

conditions. This calls for further investigations and points

towards the need for each study to ideally document the

buoyancy forcing with no ambiguity. The full radial profile

of co-density, averaged in time and laterally, seems indeed

required for a comprehensive cross-comparison.

4 Technical implementation of the
Web Explorer

As already mentioned in Sec. 1, the Planetary Dynamo
Simulation Explorer is an open-source, web-based tool that

catalogues the available numerical dynamo simulations. It

is developed within the HTML5 framework, relying on the

plotly.js2 library for the visualisation part of the tool. Simu-

lations metadata are registered within a JSON file and stored

on a GitLab repository
3
. Each reference is associated with

a unique metadata file. Schematically, the web interface re-

trieves the metadata from the GitLab repository, and acts as

a catalogue which points to external data, such as papers,

codes and repositories (if any) that would be provided by the

authors – see Fig. 5. It therefore does not store any external

data other than metadata, and the sustainability of these de-

2
https://plotly.com/javascript/

3
https://gricad-gitlab.univ-grenoble-alpes.fr/claveaur/planetary-

dynamo-simulation-explorer
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a. Nu
∗

= 0.076(Ra
∗
𝑄

)
0.53

b. Ro = 0.85(Ra
∗
𝑄

)
0.41

c. Le/𝑓
1/2

ohm
= 0.92(Ra

∗
𝑄

)
0.34

Figure 4: Illustration of several scaling laws proposed by

Christensen and Aubert (2006), for the whole set of convective dy-

namos stored in the catalogue. The colorscale indicates the value of

log
10

(Ek). Fixed codensity and fixed flux simulations are represen-

ted with circles and triangles, respectively.

pends solely on the storage platforms. To ease access to the

available repository, we added a filter Data available? inside

the Data Availability filters group.

Figure 5: Schematic diagram of the Planetary Dynamo Simula-
tion Explorer. See text for details.

Technically, the web tool acts as an interface with the re-

pository. While loading, it retrieves the last repository com-

mit, comparing it with that stored locally. If none or differ-

ent, the whole data is fetched from the repository and stored

locally using the browser’s local storage. As such, it avoids

making too many requests on the repository and enhances

the webtool reactivity (see Fig. 6). Then, the webtool inter-

face is initialised (see Fig. 7). When the user first arrives

on the catalogue, it shows the list of all the catalogued refer-

ences (right panel) alongwith the different parameters which

can be used as filters (left panel). We refer to it as the list view.

Figure 6: Technical diagram of the Planetary Dynamo Simulation
Explorer. See text for details.

We distinguish between three different views (i.e. panels)

the user can navigate through:

• The list view, where the user has access to the whole list
of references (see Fig. 7), with a summary of the differ-

ent parameters probed and the links to access the pa-

per, the authors’ contact and several other bibliography

data.

• The parameter space view, where the user can repres-

ent the selected set of dynamos as a function of various

input/output dimensionless numbers (see Fig. 8a). By

playing with the axes, the colorscale and the scatter’s

markers, it allows visualising up to five dimensions sim-

ultaneously.

• The scaling laws view, where the user can visual-

ise already peer-reviewed scaling laws stemming from
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Figure 7: The webtool interface on the list view after being ini-

tialised. It is separated into several sections. i) On the top-right,

the primary menu (with links to the home, about, search and sub-

mit pages), along with ii) the secondary menu on the top-left (with

links to dimensionless numbers definition and codes). iii) On the

left, the available filters, and iv) on the centre/right, the displayed

views with v) the ordering selection above the section.

various references (see Fig. 8b), but also self-provided

arbitrary ones.

a. Parameter space view

b. Scaling laws view

Figure 8: The two other views (apart from the list view), which

allow the user to navigate through the references more graphically.

The parameter space view (a) and the scaling laws view (b).

5 Summary and Discussion

5.1 Probing the parameter space
With the Planetary Dynamo Simulation Explorer, we pro-

pose to catalogue available peer-reviewed simulations of ro-

tating spherical dynamos. The goal is to ease access to

the associated datasets, metadata and publications, and to

provide fluent intercomparison of the simulations performed

for various set-ups by means of scaling laws. It is also suited

to isolate possibly important studies still to be carried out,

and to anticipate future developments based on the traject-

ory of the latest cutting-edge simulations. This is illustrated

with Fig. 2, where DNS for Pm < 1 have been run down to

magnetic Ekman number Em = Ek/Pm = 10
−6

(Schaeffer et

al., 2017) while LES following the dynamo path by Aubert

et al. (2017) have reached Earth-like values of Em = 10
−9
, al-

though with enhanced value of Pm. We see here the pos-

sibility to play with the ratio between the various diffus-

ivities in order to reach pertinent regimes regarding the

force balance, while pushing the parameters towards plan-

etary values (Lin et al., 2025). Naive exploration of the para-

meter space would require a tremendous number of simula-

tions, given the 5 input dimensionless numbers (dissociating

chemical and thermal timescales), and the variety of possible

structure-related set-ups (e.g. aspect ratio, boundary condi-

tions, couplings).

Meanwhile, not all this space is geophysically relevant,

and the various dynamo regimes can be related to scenarios

based on leading order force balances (e.g. Schwaiger et al.,

2019; Nataf and Schaeffer, 2024). There then exists preferred

directions for the exploration of this parameter space (see

for instance the paths initiated by Dormy, 2016; Aubert et

al., 2017; Schaeffer et al., 2017), and the explorer tool that we

propose here may help to diagnose and document them. It

may also be used to assess the impact of the various set-ups

on the considered dynamo paths.

5.2 Comparing various set-ups

As illustratedwith the impact of the codensity boundary con-

ditions (fixed codensity or fixed codensity-flux, see §3.3), the

dynamo explorer can be used to isolate the need for improved

conversions from one set-up to another, in order to confer

the scaling laws a universal dimension. Generalisation to the

case of double diffusive convection requires further studies

(see for instance Pružina et al., 2025). Investigation in the

presence of a stably stratified layer is motivated by the ex-

istence of dynamos in bodies such as Saturn and Mercury,

where the field is predominantly axisymmetric, and likely

slowly evolving (e.g. Christensen and Wicht, 2008; Cao et

al., 2011; Stanley and Bloxham, 2016; Wardinski et al., 2021;

Moore et al., 2021). In this configuration, some of the hypo-

theses underlying the relation between the convective power

and the Rayleigh number (such as a well-mixed core) may

fail, with implications for the applicability in this context of

the scaling laws proposed so far.

The intercomparison of dynamo solutions becomes even

more challenging when considering thermo-chemical and

mechanical forcings. Direct comparison of the two famil-

ies appears tedious for now, even though preliminary results

suggest that common scaling laws exist between convection-

driven andmechanically-driven dynamos (Cébron and Vidal,

2026).

10 jSEDI | volume 2 | paper 5 | 2026



jSEDI | Article | Planetary Dynamo Simulation Explorer

5.3 Supplementary ingredients required for
the cross-comparison of dynamo simu-
lations

Several points were raised in the foregoing sections, discuss-

ing the difficulties in cross-comparing between the differ-

ent set-ups. Although it is not possible to perfectly trans-

late from one case to another, we still have ways to im-

prove the qualitative cross-comparison. For the Planetary
Dynamo Simulation Explorer webtool to best play its role,

we support standard practice where a wider set of input /out-

put quantities would by default be provided. This concerns,

for instance, the Nusselt number, which could be recorded

for fixed codensity flux (resp. fixed codensity) simulations

if recording the codensity (resp. codensity gradient) at the

boundaries. It is necessary in order to convert between the

two buoyancy set-ups (see Clarté, 2021, p. 44).

More generally, the full profile of imposed buoyancy flux

would be required, involving 𝑓𝑖 , the fraction of convective

power at the inner boundary, on top of the aspect ratio 𝛽

and the radial profile of gravity 𝑔(𝑟 ) that are more usually

specified (see §2.2). Providing the entire imposed codensity

profile would furthermore allow us to isolate cases present-

ing a stratified layer (involving the profile for 𝐻 , the distri-

bution of heat source or sink in eq. 3). The webtool would

benefit from having a way to filter simulations depending

on their degree of stratification, as measured by the Brunt-

Väisälä frequency𝑁 (𝑟 ) =

√︄
−𝑔

𝜌

d𝜌

d𝑟
with 𝜌(𝑟 ) the radial profile

of density. This latter indeed has a significant impact on the

spatio-temporal morphology of the observed field at the sur-

face of the core, both on long and short time-scales (Gastine

et al., 2020; Aubert, 2025).

In order to investigate a wider set of diagnostics and

get better constraints on the preferred directions to walk

through the parameter space, we could also benefit from

more specific quantities. One could think of the zonal versus

non-zonal and equatorially symmetric versus antisymmetric

magnetic and kinetic energies. These may help character-

ise, for instance, the dipolarity of dynamos (Frasson et al.,

2025). The cataloguing should not stop at only describing

the general features of the simulations, and would benefit

from a more in-depth description when available, albeit be-

ing specific. The filtering proposed with our webtool could,

in the future, allow the selection of specific set-ups that have

shown growing interest over the recent years. We have in

mind, for instance, the impact of heterogeneous boundary

conditions, with impact on the evolution of the geodynamo

over geological times (e.g. Biggin et al., 2026). The case of

the early Earth dynamo with no inner core (Lin et al., 2025;

Burmann et al., 2025) can already be investigated via the se-

lection of the aspect ratio 𝛽 . Regarding giant planets, profiles

of the outer boundary zonal flow and heat flux versus latitude

would also be valuable (e.g. Aurnou et al., 2008), to study in

particular the impact of a stratified layer above the dynamo

region (Yadav et al., 2022; Christensen and Wulff, 2024).

Of particular interest would also be the incorporation of

dimensionless kinetic and magnetic lengthscales

(18)ℓ𝑈 =

𝜋𝐸𝑈∑
𝑛𝑛𝐸𝑈 ,𝑛

and ℓ𝐵 =

𝜋𝐸𝐵∑
𝑛𝑛𝐸𝐵,𝑛

,

with 𝐸𝑈 and 𝐸𝐵 the total kinetic and magnetic energies over

the whole volume, and 𝐸𝑈 ,𝑛 and 𝐸𝐵,𝑛 the kinetic and mag-

netic energies stored in harmonic degree 𝑛 (Christensen and

Aubert, 2006; Soderlund et al., 2012). These would allow

to investigate scaling laws for instance for the local Rossby

number Roℓ = Ro/ℓ𝑈 , whose pertinence for the dipolar to

multipolar dynamo transition has been recently discussed

(e.g. Tassin et al., 2021; Frasson et al., 2025), or the dynamic

Elsasser number Λ𝑑 = Λ/(ℓ𝐵 Rm) introduced by Christensen

et al. (1999); Cardin et al. (2002) and considered to diagnose

strong field dynamos (Dormy, 2016; Teed and Dormy, 2025).

We finally encourage authors to provide available time

series of their simulations, which the current web explorer

can redirect to. Surface data may be used to document the

time variability of the dynamo solutions, for comparison

with geomagnetic and paleomagnetic indices (e.g. Meduri et

al., 2021; Davies et al., 2022), or for geomagnetic data ana-

lysis. With the web explorer, we also wish to encourage the

reuse of already run dynamo simulations. Volume data, if ac-

cessible, could be used to restart dynamos, to avoid waiting

for long transients needed to reach stationary states. They

would also be available for colleagues willing to apply ex-

tended analyses of calculated solutions. Associating datasets

to published dynamos can be done a posteriori, with a spe-

cific DOI for the numerical data themselves.

6 Conclusion

We presented Planetary Dynamo Simulation Explorer, a

web-based catalogue of planetary dynamo simulations, giv-

ing access to the publication and metadata associated with

each published set of simulations (as well as datasets when

available). The tool involves a filtering system that considers

both input and output dimensionless parameters, as well as

the dynamo set-up (boundary conditions, etc.). It is designed

to serve as a hub for all future planetary dynamo simulations.

Along with the usual catalogue view, it comes with visual-

isation features that allow one to locate the different simu-

lations inside the parameter space. It also allows for test-

ing scaling laws previously constructed on a more restricted

parameter space, and to test new ones.

To ease these comparisons, we provide some potentially

useful guidelines for future contributions to the catalogue:

• Providing the full set of input and output dimensionless

numbers, as listed in Tables 3 and 4.

• Providing ingredients needed to build the whole radial

profile of buoyancy forcing, so that one can reconstruct

a proxy for the convective power 𝑝 .

• Providing datasets (e.g. time series of surface data, full

3D states needed to restart dynamos) together with a

description of them (e.g. file format, considered normal-

isation). These can be uploaded to, for instance, Zenodo

repositories, even a posteriori to the publication.

All the procedures to submit new content are available

on the Planetary Dynamo Simulation Explorer submit page

(see https://geodyn.univ-grenoble-alpes.fr/explorer/). We

greatly encourage authors to store part of their simulation

results on a publicly available repository, to encourage col-

laboration, transparency, open-science and sustainability, in

a FAIR spirit.

11 jSEDI | volume 2 | paper 5 | 2026

https://geodyn.univ-grenoble-alpes.fr/explorer/


jSEDI | Article | Planetary Dynamo Simulation Explorer

Acknowledgements
We thank the two anonymous reviewers, whose comments

helped improve the quality of our manuscript. We thank H.-

C. Nataf for insightful discussions about the different force

balances and the definition of characteristic times. We thank

D. Cébron for his proofreading. We are grateful to all col-

leagues who provided data from their simulations.

Funding
This work has been funded by ESA in the framework of EO

Science for Society, through contract 4000148713/25/NL/FFi

(4D Earth Core+). This project was financially supported by

CNES as an application of the Swarm mission. RC, NS and

NG are part of Labex OSUG@2020 (ANR10 LABX56).

JA acknowledges continuous support from GENCI

through grants A0020402122 to A0180402122, for compu-

tations made with the PARODY-JA code. NS acknowledges

support from the Agence Nationale de la Recherche (grant

no. ANR-19-CE31-0019) and from GENCI (allocations

A0180407382 and earlier).

Data and code availability
• Data and code are available at https://gricad-
gitlab.univ-grenoble-alpes.fr/claveaur/planetary-
dynamo-simulation-explorer.

• Data can also be downloaded directly through the web

interface, in both JSON and CSV format.

• Raw data is available inside the ‘/raw/‘ folder.

• Conversion script (Python) is available inside the ‘/con-

vert/‘ folder.

• If you wish to give credits to the dynamo explorer, you

can include a statement such as: ‘Data processing and

comparative analysis were performed using the Planet-
ary Dynamo Simulation Explorer (https://geodyn.univ-
grenoble-alpes.fr/explorer/)’, with reference to the

present paper. You may also want to cite the corres-

ponding original studies that contributed to the relevant

data.

Contributions
The web interface has been developed by RC, with inputs

from all co-authors. The cataloguing and choice of paramet-

ers have been done by all co-authors. The manuscript was

written by all co-authors.

References
Aubert, J. (2023). State and evolution of the geodynamo

fromnumericalmodels reaching the physical conditions of

Earth’s core. Geophys. J. Int. 235.1, 468–487. doi: 10.1093/
gji/ggad229.

Aubert, J. (2025). Rapid geomagnetic variations and stable

stratification at the top of Earth’s core. Phys. Earth Planet.
Inter. 362, 107335. doi: 10.1016/j.pepi.2025.107335.

Aubert, J., T. Gastine and A. Fournier (2017). Spherical con-

vective dynamos in the rapidly rotating asymptotic re-

gime. J. Fluid Mech. 813, 558–593. doi: 10.1017/jfm.2016.
789.

Aubert, J. and N. Gillet (2021). The interplay of fast waves

and slow convection in geodynamo simulations nearing

Earth’s core conditions. Geophys. J. Int. 225.3, 1854–1873.
doi: 10.1093/gji/ggab054.

Aubert, J., S. Labrosse and C. Poitou (2009). Modelling the

palaeo-evolution of the geodynamo. Geophys. J. Int. 179.3,
1414–1428. doi: 10.1111/j.1365-246X.2009.04361.x.

Aurnou, J., M. Heimpel, L. Allen, E. King and J. Wicht (2008).

Convective heat transfer and the pattern of thermal emis-

sion on the gas giants. Geophys. J. Int. 173.3, 793–801. doi:
10.1111/j.1365-246X.2008.03764.x.

Barik, A., S. Triana, M. Calkins, S. Stanley and J. Aurnou

(2023). Onset of convection in rotating spherical shells:

Variations with radius ratio. Earth Space Sci 10.1,

e2022EA002606. doi: 10.1029/2022EA002606.
Biggin, A., C. Davies, J. Mound, S. Lloyd, Y. Engbers, D. Thall-

ner, A. Clarke and R. Bono (2026). Mantle heterogeneity

influenced Earth’s ancient magnetic field. Nat. Geosci., 1–
8. doi: 10.1038/s41561-025-01910-1.

Bloxham, J., H. Cao, D. J. Stevenson, J. E. Connerney and

S. J. Bolton (2024). A rapidly time-varying equatorial jet

in Jupiter’s deep interior. Nature 627.8002, 64–66. doi: 10.
1038/s41586-024-07046-3.

Braginsky, S. I. and P. H. Roberts (1995). Equations govern-

ing convection in Earth’s core and the geodynamo. Geo-
phys. Astrophys. Fluid Dyn 79.1-4, 1–97. doi: 10 . 1080 /
03091929508228992.

Burmann, F., J. Luo, P. Marti and A. Jackson (2025). Rapidly

rotating early-Earth dynamos in a full-sphere geometry.

Geophys. J. Int. 241.1, 715–727. doi: 10.1093/gji/ggaf063.
Cao, H., C. T. Russell, U. R. Christensen, M. K. Dougherty and

M. E. Burton (2011). Saturn’s very axisymmetric magnetic

field: No detectable secular variation or tilt. Earth Planet.
Sci. Lett. 304.1-2, 22–28. doi: 10.1016/j.epsl.2011.02.035.

Cardin, P., D. Brito, D. Jault, H.-C. Nataf and J.-P. Masson

(2002). Towards a rapidly rotating liquid sodium dynamo

experiment. Magnetohydrodynamics 38, 177–189. doi: 10.
22364/mhd.38.1-2.14.

Cébron, D., R. Laguerre, J. Noir and N. Schaeffer (2019). Pre-

cessing spherical shells: flows, dissipation, dynamo and

the lunar core.Geophys. J. Int. 219.Supplement_1, S34–S57.

doi: 10.1093/gji/ggz037.
Cébron, D. and J. Vidal (2026). Did lunar tides sustain the

early Earth’s dynamo? en. C.R. Geosci. 358, 1–26. doi: 10.
5802/crgeos.324.

Christensen, U., P. Olson and G. Glatzmaier (1999). Numer-

ical modelling of the geodynamo: a systematic parameter

study. Geophys. J. Int. 138.2, 393–409. doi: 10.1046/j.1365-
246X.1999.00886.x.

Christensen, U. R. and J. Aubert (2006). Scaling properties

of convection-driven dynamos in rotating spherical shells

and application to planetary magnetic fields. Geophys. J.
Int. 166.1, 97–114. doi: 10.1111/j.1365-246X.2006.03009.x.

Christensen, U. R. and J. Wicht (2015). 8.10 - Numerical Dy-

namo Simulations. Treatise on Geophysics (Second Edition).
Ed. by G. Schubert. Oxford: Elsevier, pp. 245–277. doi: 10.
1016/B978-0-444-53802-4.00145-7.

12 jSEDI | volume 2 | paper 5 | 2026

https://gricad-gitlab.univ-grenoble-alpes.fr/claveaur/planetary-dynamo-simulation-explorer
https://gricad-gitlab.univ-grenoble-alpes.fr/claveaur/planetary-dynamo-simulation-explorer
https://gricad-gitlab.univ-grenoble-alpes.fr/claveaur/planetary-dynamo-simulation-explorer
https://doi.org/10.1093/gji/ggad229
https://doi.org/10.1093/gji/ggad229
https://doi.org/10.1016/j.pepi.2025.107335
https://doi.org/10.1017/jfm.2016.789
https://doi.org/10.1017/jfm.2016.789
https://doi.org/10.1093/gji/ggab054
https://doi.org/10.1111/j.1365-246X.2009.04361.x
https://doi.org/10.1111/j.1365-246X.2008.03764.x
https://doi.org/10.1029/2022EA002606
https://doi.org/10.1038/s41561-025-01910-1
https://doi.org/10.1038/s41586-024-07046-3
https://doi.org/10.1038/s41586-024-07046-3
https://doi.org/10.1080/03091929508228992
https://doi.org/10.1080/03091929508228992
https://doi.org/10.1093/gji/ggaf063
https://doi.org/10.1016/j.epsl.2011.02.035
https://doi.org/10.22364/mhd.38.1-2.14
https://doi.org/10.22364/mhd.38.1-2.14
https://doi.org/10.1093/gji/ggz037
https://doi.org/10.5802/crgeos.324
https://doi.org/10.5802/crgeos.324
https://doi.org/10.1046/j.1365-246X.1999.00886.x
https://doi.org/10.1046/j.1365-246X.1999.00886.x
https://doi.org/10.1111/j.1365-246X.2006.03009.x
https://doi.org/10.1016/B978-0-444-53802-4.00145-7
https://doi.org/10.1016/B978-0-444-53802-4.00145-7


jSEDI | Article | Planetary Dynamo Simulation Explorer

Christensen, U. R. (2010). Dynamo scaling laws and applic-

ations to the planets. Space Sci. Rev. 152.1, 565–590. doi:
10.1007/s11214-009-9553-2.

Christensen, U. R., J. Aubert, P. Cardin, E. Dormy, S. Gib-

bons, G. Glatzmaier, E. Grote, Y. Honkura, C. Jones, M.

Kono et al. (2001). A numerical dynamo benchmark. Phys.
Earth Planet. Inter. 128.1-4, 25–34. doi: 10 . 1016 / S0031 -
9201(01)00275-8.

Christensen, U. R. and A. Tilgner (2004). Power requirement

of the geodynamo from ohmic losses in numerical and

laboratory dynamos. Nature 429.6988, 169–171. doi: 10 .
1038/nature02508.

Christensen, U. R. and J. Wicht (2008). Models of magnetic

field generation in partly stable planetary cores: Applica-

tions to Mercury and Saturn. Icarus 196.1, 16–34. doi: 10.
1016/j.icarus.2008.02.013.

Christensen, U. R. and P. N. Wulff (2024). Quenching of zonal

winds in Jupiter’s interior. Proc. Natl. Acad. Sci. U.S.A.
121.25, e2402859121. doi: 10.1073/pnas.2402859121.

Christensen, U. R., J. Aubert and G. Hulot (2010). Conditions

for Earth-like geodynamo models. Earth Planet. Sci. Lett.
296.3, 487–496. doi: 10.1016/j.epsl.2010.06.009.

Christensen, U. R., V. Holzwarth and A. Reiners (2009). En-

ergy flux determinesmagnetic field strength of planets and

stars. Nature 457.7226, 167–169. doi: 10.1038/nature07626.
Clarté, T. (2021). Thermo-solar convection in magma oceans.

Theses. Université Grenoble Alpes.

Connerney, J., S. Timmins, R. Oliversen, J. Espley, J. Joer-

gensen, S. Kotsiaros, P. Joergensen, J. Merayo, M. Herceg,

J. Bloxham et al. (2022). A new model of Jupiter’s mag-

netic field at the completion of Juno’s prime mission. J.
Geophys. Res.: Planets 127.2, e2021JE007055. doi: 10.1029/
2021JE007055.

Davidson, P. A. (2013). Scaling laws for planetary dynamos.

Geophys. J. Int. 195.1, 67–74. doi: 10.1093/gji/ggt167.
Davies, C. J., R. K. Bono, D. G. Meduri, J. Aubert, S. Green-

wood and A. J. Biggin (2022). Dynamo constraints on the

long-term evolution of Earth’s magnetic field strength.

Geophys. J. Int. 228.1, 316–336. doi: 10.1093/gji/ggab342.
Davies, C. and D. Gubbins (2011). A buoyancy profile for the

Earth’ s core. Geophys. J. Int. 187.2, 549–563. doi: 10.1111/
j.1365-246X.2011.05144.x.

Dormy, E., A. Soward, C. Jones, D. Jault and P. Cardin

(2004). The onset of thermal convection in rotating spher-

ical shells. J. Fluid Mech. 501, 43–70. doi: 10 . 1017 /
S0022112003007316.

Dormy, E. (2016). Strong-field spherical dynamos. J. Fluid
Mech. 789, 500–513. doi: 10.1017/jfm.2015.747.

Dormy, E. (2025). Rapidly Rotating Magnetohydrodynamics

and the Geodynamo. Ann. Rev. Fluid. Mech. 57.Volume 57,

2025. Publisher: Annual Reviews, 335–362. doi: 10.1146/
annurev-fluid-031224-121649.

Duarte, L. D., T. Gastine and J. Wicht (2013). Anelastic dy-

namo models with variable electrical conductivity: An ap-

plication to gas giants. Phys. Earth Planet. Inter. 222, 22–34.
doi: 10.1016/j.pepi.2013.06.010.

Duarte, L. D., J. Wicht and T. Gastine (2018). Physical condi-

tions for Jupiter-like dynamo models. Icarus 299, 206–221.
doi: 10.1016/j.icarus.2017.07.016.

Fan, W. and Y. Lin (2025). Dynamos driven by top-heavy

double-diffusive convection in the strong-field regime. J.

Geophys. Res.: Planets 130.8, e2025JE008969. doi: 10.1029/
2025JE008969.

Finlay, C. C., N. Gillet, J. Aubert, P. W. Livermore and D. Jault

(2023). Gyres, jets and waves in the Earth’s core. Nat. Rev.
Earth Environ. 4.6, 377–392. doi: 10 . 1038 / s43017 - 023 -
00425-w.

Firsov, I., D. Jault, N. Gillet, J. Aubert and M. Mandea (2023).

Radial shear in the flow at the Earth’s core surface. Geo-
phys. J. Int. 235.3, 2524–2539. doi: 10.1093/gji/ggad376.

Fournier, A., J. Aubert, V. Lesur and E. Thébault (2021).

Physics-based secular variation candidate models for the

IGRF. Earth Planets Space 73.1, 190. doi: 10.1186/s40623-
021-01507-z.

Frasson, T., N. Schaeffer, H.-C. Nataf and S. Labrosse (2025).

Geomagnetic dipole stability and zonal flows controlled

by mantle heat flux heterogeneities. Geophys. J. Int. 240.3,
1481–1504. doi: 10.1093/gji/ggae457.

French, M., A. Becker, W. Lorenzen, N. Nettelmann, M. Beth-

kenhagen, J. Wicht and R. Redmer (2012). Ab initio sim-

ulations for material properties along the Jupiter adiabat.

Astrophys. J. Suppl. Ser. 202.1, 5. doi: https://doi.org/10.
1088/0067-0049/202/1/5.

Gastine, T., J. Wicht, L. Duarte, M. Heimpel and A. Becker

(2014). Explaining Jupiter’s magnetic field and equatorial

jet dynamics. Geophys. Res. Lett. 41.15, 5410–5419. doi: 10.
1002/2014GL060814.

Gastine, T., J. Aubert and A. Fournier (2020). Dynamo-based

limit to the extent of a stable layer atop Earth’s core. Geo-
phys. J. Int. 222.2, 1433–1448. doi: 10.1093/gji/ggaa250.

Gastine, T., L. D. Duarte and J. Wicht (2012). Dipolar versus

multipolar dynamos: the influence of the background

density stratification. A & A 546, A19. doi: 10.1051/0004-
6361/201219799.

Gastine, T., J. Wicht and J. Aubert (2016). Scaling regimes in

spherical shell rotating convection. J. FluidMech. 808, 690–
732. doi: 10.1017/jfm.2016.659.

Gillet, N., F. Dall’Asta, P.-O. Amblard, R. Claveau and J. Au-

bert (2024). Waves in Earth’s core and geomagnetic field

forecast. Phys. Earth Planet. Inter. 357, 107284. doi: 10.1016/
j.pepi.2024.107284.

Gillet, N., D. Jault, E. Canet and A. Fournier (2010). Fast tor-

sional waves and strong magnetic field within the Earth’s

core. Nature 465.7294, 74–77. doi: 10.1038/nature09010.
Glatzmaier, G. A. and P. H. Roberts (1996). An anelastic evol-

utionary geodynamo simulation driven by compositional

and thermal convection. Physica D 97.1-3, 81–94. doi: 10.
1016/0167-2789(96)00100-5.

Glatzmaiers, G. A. and P. H. Roberts (1995). A three-

dimensional self-consistent computer simulation of a geo-

magnetic field reversal.Nature 377.6546. Publisher: Nature
Publishing Group, 203–209. doi: 10.1038/377203a0.

Helled, R., N. Nettelmann and T. Guillot (2020). Uranus and

Neptune: Origin, Evolution and Internal Structure. Space
Sci. Rev. 216.38. doi: 10.1007/s11214-020-00660-3.

Istas, M., N. Gillet, C. Finlay, M. Hammer and L. Huder (2023).

Transient core surface dynamics from ground and satellite

geomagnetic data. Geophys. J. Int. 233.3, 1890–1915. doi:
10.1093/gji/ggad039.

Jones, C., P. Boronski, A. Brun, G. Glatzmaier, T. Gastine, M.

Miesch and J. Wicht (2011). Anelastic convection-driven

dynamo benchmarks. Icarus 216.1, 120–135. doi: 10.1016/
j.icarus.2011.08.014.

13 jSEDI | volume 2 | paper 5 | 2026

https://doi.org/10.1007/s11214-009-9553-2
https://doi.org/10.1016/S0031-9201(01)00275-8
https://doi.org/10.1016/S0031-9201(01)00275-8
https://doi.org/10.1038/nature02508
https://doi.org/10.1038/nature02508
https://doi.org/10.1016/j.icarus.2008.02.013
https://doi.org/10.1016/j.icarus.2008.02.013
https://doi.org/10.1073/pnas.2402859121
https://doi.org/10.1016/j.epsl.2010.06.009
https://doi.org/10.1038/nature07626
https://doi.org/10.1029/2021JE007055
https://doi.org/10.1029/2021JE007055
https://doi.org/10.1093/gji/ggt167
https://doi.org/10.1093/gji/ggab342
https://doi.org/10.1111/j.1365-246X.2011.05144.x
https://doi.org/10.1111/j.1365-246X.2011.05144.x
https://doi.org/10.1017/S0022112003007316
https://doi.org/10.1017/S0022112003007316
https://doi.org/10.1017/jfm.2015.747
https://doi.org/10.1146/annurev-fluid-031224-121649
https://doi.org/10.1146/annurev-fluid-031224-121649
https://doi.org/10.1016/j.pepi.2013.06.010
https://doi.org/10.1016/j.icarus.2017.07.016
https://doi.org/10.1029/2025JE008969
https://doi.org/10.1029/2025JE008969
https://doi.org/10.1038/s43017-023-00425-w
https://doi.org/10.1038/s43017-023-00425-w
https://doi.org/10.1093/gji/ggad376
https://doi.org/10.1186/s40623-021-01507-z
https://doi.org/10.1186/s40623-021-01507-z
https://doi.org/10.1093/gji/ggae457
https://doi.org/https://doi.org/10.1088/0067-0049/202/1/5
https://doi.org/https://doi.org/10.1088/0067-0049/202/1/5
https://doi.org/10.1002/2014GL060814
https://doi.org/10.1002/2014GL060814
https://doi.org/10.1093/gji/ggaa250
https://doi.org/10.1051/0004-6361/201219799
https://doi.org/10.1051/0004-6361/201219799
https://doi.org/10.1017/jfm.2016.659
https://doi.org/10.1016/j.pepi.2024.107284
https://doi.org/10.1016/j.pepi.2024.107284
https://doi.org/10.1038/nature09010
https://doi.org/10.1016/0167-2789(96)00100-5
https://doi.org/10.1016/0167-2789(96)00100-5
https://doi.org/10.1038/377203a0
https://doi.org/10.1007/s11214-020-00660-3
https://doi.org/10.1093/gji/ggad039
https://doi.org/10.1016/j.icarus.2011.08.014
https://doi.org/10.1016/j.icarus.2011.08.014


jSEDI | Article | Planetary Dynamo Simulation Explorer

Jones, C. A., A. M. Soward and A. I. Mussa (2000). The onset

of thermal convection in a rapidly rotating sphere. J. Fluid
Mech. 405, 157–179. doi: 10.1017/S0022112099007235.

Kono, M. and P. H. Roberts (2001). Definition of the Rayleigh

number for geodynamo simulation. Phys. Earth Planet.
Inter. 128.1-4, 13–24. doi: 10.1016/S0031-9201(01)00274-6.

Kuang, W. and J. Bloxham (1997). An Earth-like numerical

dynamo model. Nature 389.6649, 371–374. doi: 10 .1038 /
38712.

Kutzner, C. and U. R. Christensen (2002). From stable dipolar

towards reversing numerical dynamos. Phys. Earth Planet.
Inter. 131.1, 29–45. doi: 10.1016/S0031-9201(02)00016-X.

Labrosse, S. (2003). Thermal and magnetic evolution of the

Earth’s core. Phys. Earth Planet. Inter. 140.1-3, 127–143.
doi: 10.1016/j.pepi.2003.07.006.

Lin, Y., P. Marti and A. Jackson (2025). Invariance of dynamo

action in an early-Earth model. Nature, 1–6. doi: 10.1038/
s41586-025-09334-y.

Manglik, A., J. Wicht and U. R. Christensen (2010). A dy-

namo model with double diffusive convection for Mer-

cury’s core. Earth Planet. Sci. Lett. 289.3-4, 619–628. doi:
10.1016/j.epsl.2009.12.007.

Marti, P., N. Schaeffer, R. Hollerbach, D. Cébron, C. Nore,

F. Luddens, J.-L. Guermond, J. Aubert, S. Takehiro, Y. Sa-

saki et al. (2014). Full sphere hydrodynamic and dynamo

benchmarks. Geophys. J. Int. 197.1, 119–134. doi: 10.1093/
gji/ggt518.

Matsui, H., E. Heien, J. Aubert, J. M. Aurnou, M. Avery, B.

Brown, B. A. Buffett, F. Busse, U. R. Christensen, C. J. Dav-

ies et al. (2016). Performance benchmarks for a next gen-

eration numerical dynamomodel.Geochem. Geophys. Geo-
syst. 17.5, 1586–1607. doi: 10.1002/2015GC006159.

Meduri, D., A. Biggin, C. Davies, R. Bono, C. Sprain and

J. Wicht (2021). Numerical dynamo simulations repro-

duce paleomagnetic field behavior.Geophys. Res. Lett. 48.5,
e2020GL090544. doi: 10.1029/2020GL090544.

Militzer, B. and W. B. Hubbard (2024). Study of Jupiter’s in-

terior: Comparison of 2, 3, 4, 5, and 6 layer models. Icarus
411, 115955. doi: 10.1016/j.icarus.2024.115955.

Mitchell, R. N. and U. Kirscher (2023). Mid-Proterozoic day

length stalled by tidal resonance. Nat. Geosci. 16.7, 567–
569. doi: 10.1038/s41561-023-01202-6.

Moore, K. M., B. Bolton, H. Cao, M. K. Dougherty and J. Blox-

ham (2021). No evidence for time variation in saturn’s in-

ternal magnetic field. Planet. Sci. J. 2.5, 181. doi: 10.3847/
PSJ/ac173c.

Moore, K., A. Barik, S. Stanley, D. Stevenson, N. Nettelmann,

R. Helled, T. Guillot, B. Militzer and S. Bolton (2022). Dy-

namo simulations of Jupiter’s magnetic field: The role of

stable stratification and a dilute core. J. Geophys. Res.: Plan-
ets 127.11, e2022JE007479. doi: 10.1029/2022JE007479.

Moore, K., H. Cao, J. Bloxham, D. Stevenson, J. Connerney

and S. Bolton (2019). Time variation of Jupiter’s internal

magnetic field consistent with zonal wind advection. Nat.
Astron 3.8, 730–735. doi: 10.1038/s41550-019-0772-5.

Mound, J. E. and C. J. Davies (2023). Longitudinal structure

of Earth’s magnetic field controlled by lower mantle heat

flow. Nat. Geosci. 16.4, 380–385. doi: 10.1038/s41561-023-
01148-9.

Mukherjee, P. and S. Sahoo (2023). Thermal convection and

dynamo action with stable stratification at the top of the

Earth’s outer core. Phys. Earth Planet. Inter. 345, 107111.
doi: https://doi.org/10.1016/j.pepi.2023.107111.

Nataf, H.-C. and N. Schaeffer (2024). Dynamic regimes in

planetary cores: $\tau $–$\ell $ diagrams. C.R. Geosci.
356.G1, 1–30. doi: 10.5802/crgeos.256.

Pichon, G., J. Aubert and A. Fournier (2016). Coupled dynam-

ics of Earth’s geomagnetic westward drift and inner core

super-rotation. Earth Planet. Sci. Lett. 437, 114–126. doi:
10.1016/j.epsl.2016.01.004.

Pružina, P., D. Cébron and N. Schaeffer (2025). Planetary dy-

namos driven by semi-convection in stratified layers. A &
A 703, A135. doi: 10.1051/0004-6361/202556134.

Rogers, H. F., N. Gillet, J. Aubert, P. Personnettaz andM.Man-

dea (2025). Effects of geodynamo priors and geomagnetic

data on inverted core surface flows. Phys. Earth Planet.
Inter. 364, 107323. doi: 10.1016/j.pepi.2025.107323.

Ropp, G., V. Lesur, J. Baerenzung andM. Holschneider (2020).

Sequential modelling of the Earth’s core magnetic field.

Earth Planets Space 72.1, 153. doi: 10 .1186/ s40623- 020-
01230-1.

Sakuraba, A. and M. Kono (1999). Effect of the inner core

on the numerical solution of the magnetohydrodynamic

dynamo. Phys. Earth Planet. Inter. 111.1-2, 105–121. doi:
10.1016/S0031-9201(98)00150-2.

Sanchez, S., J. Wicht and J. Bärenzung (2020). Predictions of

the geomagnetic secular variation based on the ensemble

sequential assimilation of geomagnetic field models by dy-

namo simulations. Earth Planets Space 72.1, 157. doi: 10.
1186/s40623-020-01279-y.

Schaeffer, N., D. Jault, H.-C. Nataf and A. Fournier (2017).

Turbulent geodynamo simulations: a leap towards Earth’s

core. Geophys. J. Int. 211.1, 1–29. doi: 10.1093/gji/ggx265.
Schaeffer, N., S. Labrosse and J. M. Aurnou (2025). Energet-

ically expensive dynamo action in Earth’s basal magma

ocean. Proc. Natl. Acad. Sci. U.S.A. 122.45, e2507575122.
doi: 10.1073/pnas.2507575122.

Schwaiger, T., T. Gastine and J. Aubert (2019). Force bal-

ance in numerical geodynamo simulations: a systematic

study. Geophys. J. Int. 219.Supplement_1, S101–S114. doi:

10.1093/gji/ggz192.
Schwaiger, T., D. Jault, N. Gillet, N. Schaeffer and M. Man-

dea (2023). Local estimation of quasi-geostrophic flows in

Earth’s core. Geophys. J. Int. 234.1, 494–511. doi: 10.1093/
gji/ggad089.

Sharan, S., M. Pais, H. Amit and B. Langlais (2025). Fluid

flow at the top of Jupiter’s dynamo region. J. Geophys. Res.:
Planets 130.12, e2025JE009024. doi: 10.1029/2025JE009024.

Soderlund, K. M., S. Stanley, H. Cao, M. A. Calkins and M. K.

Browning (2025). Puzzles in planetary dynamos: Implica-

tions for planetary interiors. Ann. Rev. Earth Planet. Sci. 53.
doi: 10.1146/annurev-earth-111523-081635.

Soderlund, K. M., E. M. King and J. M. Aurnou (2012). The

influence of magnetic fields in planetary dynamo models.

Earth Planet. Sci. Lett. 333-334, 9–20. doi: 10.1016/j.epsl.
2012.03.038.

Stanley, S. and J. Bloxham (2016). On the secular variation of

Saturn’s magnetic field. Phys. Earth Planet. Inter. 250, 31–
34. doi: 10.1016/j.pepi.2015.11.002.

Suttie, N., A. Nilsson, N. Gillet and M. Dumberry (2025).

Large-scale palaeoflow at the top of Earth’s core. Earth
Planet. Sci. Lett. 652, 119185. doi: 10 . 1016 / j . epsl . 2024 .
119185.

14 jSEDI | volume 2 | paper 5 | 2026

https://doi.org/10.1017/S0022112099007235
https://doi.org/10.1016/S0031-9201(01)00274-6
https://doi.org/10.1038/38712
https://doi.org/10.1038/38712
https://doi.org/10.1016/S0031-9201(02)00016-X
https://doi.org/10.1016/j.pepi.2003.07.006
https://doi.org/10.1038/s41586-025-09334-y
https://doi.org/10.1038/s41586-025-09334-y
https://doi.org/10.1016/j.epsl.2009.12.007
https://doi.org/10.1093/gji/ggt518
https://doi.org/10.1093/gji/ggt518
https://doi.org/10.1002/2015GC006159
https://doi.org/10.1029/2020GL090544
https://doi.org/10.1016/j.icarus.2024.115955
https://doi.org/10.1038/s41561-023-01202-6
https://doi.org/10.3847/PSJ/ac173c
https://doi.org/10.3847/PSJ/ac173c
https://doi.org/10.1029/2022JE007479
https://doi.org/10.1038/s41550-019-0772-5
https://doi.org/10.1038/s41561-023-01148-9
https://doi.org/10.1038/s41561-023-01148-9
https://doi.org/https://doi.org/10.1016/j.pepi.2023.107111
https://doi.org/10.5802/crgeos.256
https://doi.org/10.1016/j.epsl.2016.01.004
https://doi.org/10.1051/0004-6361/202556134
https://doi.org/10.1016/j.pepi.2025.107323
https://doi.org/10.1186/s40623-020-01230-1
https://doi.org/10.1186/s40623-020-01230-1
https://doi.org/10.1016/S0031-9201(98)00150-2
https://doi.org/10.1186/s40623-020-01279-y
https://doi.org/10.1186/s40623-020-01279-y
https://doi.org/10.1093/gji/ggx265
https://doi.org/10.1073/pnas.2507575122
https://doi.org/10.1093/gji/ggz192
https://doi.org/10.1093/gji/ggad089
https://doi.org/10.1093/gji/ggad089
https://doi.org/10.1029/2025JE009024
https://doi.org/10.1146/annurev-earth-111523-081635
https://doi.org/10.1016/j.epsl.2012.03.038
https://doi.org/10.1016/j.epsl.2012.03.038
https://doi.org/10.1016/j.pepi.2015.11.002
https://doi.org/10.1016/j.epsl.2024.119185
https://doi.org/10.1016/j.epsl.2024.119185


jSEDI | Article | Planetary Dynamo Simulation Explorer

Takahashi, F., M. Matsushima and Y. Honkura (2008). Scale

variability in convection-drivenMHD dynamos at low Ek-

man number. Phys. Earth Planet. Inter. 167.3, 168–178. doi:
10.1016/j.pepi.2008.03.005.

Tassin, T., T. Gastine and A. Fournier (2021). Geomagnetic

semblance and dipolar–multipolar transition in top-heavy

double-diffusive geodynamomodels.Geophys. J. Int. 226.3,
1897–1919. doi: 10.1093/gji/ggab161.

Teed, R. J. and E. Dormy (2025). Scaling of strong-field spher-

ical dynamos. Geophys. Res. Lett. 52.20, e2025GL118078.
doi: 10.1029/2025GL118078.

Terra-Nova, F. and H. Amit (2024). Regionally-triggered geo-

magnetic reversals. Sci. Rep. 14.1, 9639. doi: 10 . 1038 /
s41598-024-59849-z.

Terra-Nova, F. and H. Amit (2025). Necessary Core-Mantle

Boundary Heat Flux Patterns for Recovering the Latitude

of the South Atlantic Anomaly. J. Geophys. Res.: Solid Earth
130.11, e2025JB031193. doi: 10.1029/2025JB031193.

Wardinski, I., H. Amit, B. Langlais and E. Thébault (2021).

The Internal Structure of Mercury’s Core Inferred From

Magnetic Observations. J. Geophys. Res.: Planets 126.12,

e2020JE006792. doi: 10.1029/2020JE006792.
Wicht, J. and S. Sanchez (2019). Advances in geodynamo

modelling. Geophys. Astrophys. Fluid Dyn 113.1-2, 2–50.

doi: 10.1080/03091929.2019.1597074.
Willis, A. P., B. Sreenivasan and D. Gubbins (2007). Thermal

core–mantle interaction: exploring regimes for ’locked’

dynamo action. Phys. Earth Planet. Inter. 165.1-2, 83–92.
doi: 10.1016/j.pepi.2007.08.002.

Yadav, R., T. Gastine, U. Christensen, L. Duarte and A.

Reiners (2016). Effect of shear and magnetic field on the

heat-transfer efficiency of convection in rotating spherical

shells. Geophys. J. Int. 204.2, 1120–1133. doi: 10.1093/gji/
ggv506.

Yadav, R. K., T. Gastine and U. R. Christensen (2013). Scaling

laws in spherical shell dynamos with free-slip boundaries.

Icarus 225.1, 185–193. doi: 10.1016/j.icarus.2013.02.030.
Yadav, R. K., T. Gastine, U. R. Christensen and L. D. V. Duarte

(2013). Consistent scaling laws in anelastic spherical shell

dynamos. Astrophys. J. 774.1, 6. doi: 10.1088/0004-637X/
774/1/6.

Yadav, R. K., T. Gastine, U. R. Christensen, S. J. Wolk and

K. Poppenhaeger (2016). Approaching a realistic force

balance in geodynamo simulations. Proc. Natl. Acad. Sci.
U.S.A. 113.43, 12065–12070. doi: 10.1073/pnas.1608998113.

Yadav, R. K., H. Cao and J. Bloxham (2022). A global simu-

lation of the dynamo, zonal jets, and vortices on Saturn.

Astrophys. J. 940.2, 185. doi: 10.3847/1538-4357/ac9d94.

A Summary of the catalogued refer-
ences and extreme dimensionless
parameters

The article Planetary Dynamo Simulation Explorer: a fil-
terable and visualisable web-based, community-driven cata-
logue © 2026 by Romain Claveau is licensed under CC BY
4.0.

15 jSEDI | volume 2 | paper 5 | 2026

https://doi.org/10.1016/j.pepi.2008.03.005
https://doi.org/10.1093/gji/ggab161
https://doi.org/10.1029/2025GL118078
https://doi.org/10.1038/s41598-024-59849-z
https://doi.org/10.1038/s41598-024-59849-z
https://doi.org/10.1029/2025JB031193
https://doi.org/10.1029/2020JE006792
https://doi.org/10.1080/03091929.2019.1597074
https://doi.org/10.1016/j.pepi.2007.08.002
https://doi.org/10.1093/gji/ggv506
https://doi.org/10.1093/gji/ggv506
https://doi.org/10.1016/j.icarus.2013.02.030
https://doi.org/10.1088/0004-637X/774/1/6
https://doi.org/10.1088/0004-637X/774/1/6
https://doi.org/10.1073/pnas.1608998113
https://doi.org/10.3847/1538-4357/ac9d94
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


jSEDI | Article | Planetary Dynamo Simulation Explorer

Ref. Ek Pr, Sc Pm power 𝑝𝛾 aspect ratio 𝛽

Rogers+25 10
−6

1 0.2 NA 0.35

Terra-Nova+25 3×10
−5 −10

−4
1 2−6 6×10

−8 −2×10
−6

0.35

Lin+25 2×10
−8 −4×10

−6
0.005−1 0.005−1 3×10

−7 −3×10
−9

0.0

Schaeffer+25 10
−6 −10

−3
5 0.05−20 3×10

−8 −5×10
−3

0.8 - 0.9

Frasson+25 10
−6 −10

−4
1 0.2−3 5×10

−8 −5×10
−5

0.35

Terra-Nova+24 10
−4

1 8 6×10
−8 −7×10

−8
0.35

Mukherjee+23 10
−5 −10

−4
1−20 1−20 NA 0.35

Schwaiger+23 10
−6

1 0.8 NA 0.35

Aubert23 3×10
−12 −3×10

−5
1 0.001−4 6×10

−13 −9×10
−6

0.35

Aubert+21 3×10
−10 −3×10

−7
1 0.008−0.25 9×10

−11 −9×10
−8

0.35

Tassin+21 10
−5 −10

−4
0−0.3 0.5−7 2×10

−6 −7×10
−1

0.35

Cébron+19 5×10
−7 −6×10

−3
1 0−20 NA 0.0 - 0.7

Schwaiger+19 10
−6 −10

−4
1 0.07−15 10

−10 −6×10
−5

0.35

Aubert+17 10
−8 −3×10

−5
1 0.04−2.5 9×10

−8 −10
−5

0.35

Schaeffer+17 10
−7 −10

−5
1 0.1−0.4 7×10

−8 −9×10
−5

0.35

Yadav+16b 10
−6 −10

−4
1 0.4−2 2×10

−10 −4×10
−3

0.35

Yadav+16a 10
−6 −10

−3
1 0.2−20 3×10

−8 −3×10
−1

0.35

Yadav+13b 10
−5 −10

−3
0.3−10 0.4−20 NA 0.35

Duarte+13 10
−5 −3×10

−4
1 0.5−10 NA 0.2

Yadav+13a 10
−6 −10

−3
0.5−10 0.2−10 NA 0.1 - 0.75

Soderlund+12 2×10
−5 −2×10

−3
1 0−5 10

−7 −9×10
−1

0.4

Gastine+12 10
−5 −10

−3
1 0.5−10 NA 0.2 - 0.6

Christensen+10 3×10
−6 −10

−3
1 0.5−40 2×10

−8 −3×10
−2

0.35

Takahashi+08 2×10
−6 −2×10

−4
1 0.2−2 5×10

−10 −3×10
−4

0.35

Christensen+06 3×10
−6 −10

−3
0.1−10 0−10 10

−9 −9×10
−4

0.35

Earth 10
−15

10
−1 −10

3
10

−6
10

−12
0−0.35

Jupiter 10
−17 −10

−18
10

−2 −1 3×10
−7

10
−14

0.2−0.7

Table A1: Summary of the catalogued references as of 04/2026: input parameters. The convective power 𝑝𝛾 is measured following its

estimation from Ra given in §2.2. ’NA’ stands for dynamos for which one ingredient is missing to compute 𝑝𝛾 (the effective ∆𝐶 or Nu), or for

non-convective dynamos.
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Ref. boundary boundary boundary anelastic or LES or no. of Code

condition (u) condition (𝐶) condition (B) Boussinesq DNS simulations

Rogers+25 SF FF I / C B LES 1 X

Terra-Nova+25 NS FF I / I B DNS 18 M

Lin+25 NS FF NA / I B DNS 3 M

Schaeffer+25 SF FF I / I B LES 40 X

Frasson+25 NS FF C / I & I / I B DNS & LES 51 X

Terra-Nova+24 NS FF I / I B DNS 7 M

Mukherjee+23 NS FC I / I B DNS 20 GJZ

Schwaiger+23 SF FF ? / I B LES 1 X

Aubert23 SF FF C / C B LES 6 P-JA

Aubert+21 SF FF C / C B LES 6 P-JA

Tassin+21 NS FF C / I B DNS 79 M

Cébron+19 NS NA C / I B DNS 924 X

Schwaiger+19 NS FC I / I B DNS 95 M

Aubert+17 SF & NS FC & FF I / I & C / C B LES & DNS 17 P-JA

Schaeffer+17 NS FF I / I B DNS 3 X

Yadav+16b NS FC I / I B DNS 30 M

Yadav+16a SF & NS FC I / I & C / I B DNS 85 M

Yadav+13b SF FC C / I & I / I A DNS 67 M

Duarte+13 NS/SF FC ? A DNS 64 M

Yadav+13a SF FC C / I & I / I A & B DNS 60 M

Soderlund+12 NS FC C / I & I / I B DNS 68 ?

Gastine+12 SF & NS FC I / I A & B DNS 82 M

Christensen+10 NS FF ? B DNS 43 ?

Takahashi+08 NS FC I / I B DNS 52 ?

Christensen+06 NS FC I / I B DNS 119 ?

Table A2: Summary of the catalogued references as of 04/2026: numerical set-up and boundary conditions. ’NS’ and ’SF’ stand respectively

for ’no-slip’ and ’stress-free’ boundary conditions on the flow. ’FC’ and ’FF’ stand respectively for ’fixed-codensity’ and ’fixed-codensity

flux’ boundary conditions on the buoyancy field. ’I’ and ’C’ stand for respectively electrically ’Insulating’ and ’Conducting’ conditions at the

’inner / outer’ boundaries. ’X’, ’M’, ’P-JA’, and ’GJZ’ stand for ’XSHELLS’, ’MagIC’, ’PARODY-JA’ and ’GJZ’ numerical codes.
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Quantity Ek Pr Rm Pm Ref.

Ek

min

LES 3×10
−12

3×10
−12

1 1.88×10
3

1.26×10
−3

Aubert23

DNS 2×10
−8

2×10
−8

5×10
−3

4.64×10
2

5×10
−3

Lin+25

max

LES 1×10
−3

1×10
−3

5 1.21×10
2

1 Schaeffer+25

DNS 2×10
−3

2×10
−3

1 5×10
1

5 Soderlund+12

Pr

min

LES 1 10
−4

1 6.5×10
2

3 Frasson+25

DNS 5×10
−3

2×10
−8

5×10
−3

4.64×10
2

5×10
−3

Lin+25

max

LES 5 10
−3

5 1.21×10
2

1 Schaeffer+25

DNS 10 10
−4

10 3.04×10
2

2×10
1

Yadav+13

Re

min

LES 41 10
−3

5 8.11×10
2

20 Schaeffer+25

DNS 8.6 10
−4

10 86 10 Christensen+06

max

LES 1.49×10
6

2.99×10
−12

1 1.88×10
3

1.26×10
−3

Aubert23

DNS 5.14×10
3

1.00×10
−7

1 5.14×10
2

0.1 Schaeffer+17

Rm

min

LES 5.92×10
1

10
−5

5 5.92×10
1

3.75×10
−1

Schaeffer+25

DNS 39 10
−5

1 3.9×10
1

2×10
−1

Christensen+06

max

LES 2.5×10
3

10
−8

1 2.5×10
3

1.13×10
−1

Aubert+21

DNS 6.16×10
3

10
−4

3×10
−1

6.16×10
3

5 Tassin+21

Pm

min

LES 1.26×10
−3

3×10
−12

1 1.88×10
3

1.26×10
−3

Aubert23

DNS 5×10
−3

2×10
−8

5×10
−3

4.64×10
2

5×10
−3

Lin+25

max

LES 2×10
1

10
−3

5 8.11×10
2

2×10
1

Schaeffer+25

DNS 4×10
1

10
−3

1 4.87×10
2

4×10
1

Christensen+10

Nu

min

LES 5.25 10
−5

5 6.45×10
1

10
−1

Schaeffer+25

DNS 1 10
−5

3×10
−1

8.8×10
2

1 Tassin+21

max

LES 4.1×10
1

3×10
−7

1 9.07×10
2

2.5×10
−1

Aubert+17

DNS 5.97×10
1

10
−7

1 5.14×10
2

10
−1

Schaeffer+17

Λ

min

LES 2.66 10
−6

1 6.78×10
2

2×10
−1

Frasson+25

DNS 3×10
−3

2×10
−5

1 4.5×10
1

3×10
−1

Takahashi+08

max

LES 6.32×10
1

10
−8

1 2.5×10
3

1.13×10
−1

Aubert+21

DNS 2.97×10
2

10
−4

3×10
−1

6.16×10
3

5 Tassin+21

𝑝𝛾

min

LES 5.58×10
−13

3×10
−12

1 1.43×10
3

1.26×10
−3

Aubert23

DNS 1.42×10
−10

1×10
−6

1 2.43×10
2

2 Schwaiger+19

max

LES 4.54×10
−3

10
−3

5 8.11×10
2

2×10
1

Schaeffer+25

DNS 8.19×10
−1

2×10
−3

1 2.27×10
−3

5 Soderlund+12

Table A3: Extreme values across all dynamos in the Planetary Dynamo Simulation Explorer. Each line corresponds to a simulation that

produces a self-sustained magnetic field (dynamo regime) and reaches an extreme value for a given quantity; columns list a few other

parameters for this simulation. DNS stands for Direct Numerical Simulations that solve the physical equation down to the dissipative scales.

LES stands for Large Eddy Simulation, which uses ad-hoc models to avoid the simulation of the smallest length-scales.
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