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Abstract
Gravity data from NASA’s Juno mission finally con-
strain the depth of Jupiter’s fierce zonal winds, in-
dicating that they must slow down considerably at a
depth of about 0.96 rJ , where rJ is the mean radius
at the one bar level. Juno’s magnetometer reveals
the planet’s internal magnetic field with unprecedented
details. We combine the new zonal flow and mag-
netic field models with an updated electrical conduc-
tivity profile to assess the zonal wind induced dynamo
action, concentrating on the region down to about
0.96 rJ where the dynamo dynamics is dominated by
Ohmic diffusion (Rm<1). Since the Dynamo action re-
mains quasi-stationary it can reasonably be estimated.
We predict that the locally induced radial field reaches
rms values of about 10−6 T in this region and may
just be detectable by the Juno mission. Very localized
dynamo action and a distinct pattern that reflects the
zonal wind system increases the chance to disentan-
gle it from the background field. New estimate of the
zonal flow related Ohmic heating show that they never
exceed new revised predictions for the total dissipa-
tive heating in Jupiter and therefore cannot be used to
constrain the depth on the zonal winds.

1. Introduction
Juno gravity measurements indicate that the speed of
the equatorially antisymmetric zonal flow contribu-
tions must be significantly reduced at a depth of about
3000 km below the one bar level, which corresponds to
a radius if 0.96 rJ [4] and [5]. This conclusion likely
extends to the equatorially symmetric wind contribu-
tions, which obey the same physical processes.

A lower depth of about 0.96 rJ was already sug-
gested previously [6] since the zonal-wind induced
Ohmic heating would otherwise exceed the total heat
emitted from Jupiter’s interior. More recently, mean
field dynamo models predict that the radial compo-
nent of the related Locally Induced Field (LIF) may
reach 1 % of the background field and could thus be

detectable by the Juno magnetometer [1].
We readdress the question of zonal wind related dy-

namo action based on a new electrical conductivity
profile [3], the new magnetic field model JRM09 [2],
and two zonal Juno-based flow models [4, 5]. A third
option of a geostrophic flow is also explored.

2. Method
We restrict our analysis to the region where the mag-
netic Reynolds number based on the magnetic dif-
fusivity scale height remain smaller than one. For
the flow models and electical conductivity models ex-
plores here, this roughly correspond to the region
above 0.965 rJ . Dynamo simulation [7] confirm
that the dynamo action in the region remains quasi-
stationary and the the current density j obeys the sim-
plified Ohm’s law

j = σ
(
U× B̃

)
(1)

where σ is the electrical conductivity, U the zonal flow
and B̃ the background field, which can be deduced
from downward continuing the JRM09 model under
the potential field assumption.

The locally induced field can then reasonably be es-
timated by uncurling j = 1/µ∇×B, assuming that the
gradients imposed by the electrical conductivity pro-
file dominate derivatives.

A reassessment of the energy budget shows that the
total Ohmic heating should be balanced by the convec-
tive power input. The power input can be estimated
to 1.2 × 1018 W, which is 3.6 times larger than the
heat flux out of the planet. Zonal flow related Ohmic
heating can simply be estimated based on the electrical
current estimates.

3. Results
The maximum dynamo action is always reached at
the bottom of our considered layer, i. .e. at r1 where
the magnetic Reynolds number reaches one. Radius
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r1 lies somewhere between 0.96 rJ and 0.97 rJ , de-
pending on flow and conductivity model. The locally
induced field (LIF) is rather small scale and reaches
rms amplitudes which are three orders of magnitude
smaller than the background (or surface) field.

The LIF has a specific pattern that reflects the
correlation of background field and the zonal zonal
wind system. Figure (1) compares Jupiter field model
JRM09 with the locally induced field. The LIF is par-
ticularly strong where the strong zonal winds around
the equator meet the ’big blue spot’ in the field model
JRM09.
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Figure 1: Panel a) Radial field in the Jupiter field
model JRM09 [2]. Panel b) Estimated locally induced
radial field for a given zonal flow model [5]. Panel c)
Heat flux due to zonal flow induced Ohmic heating.

The total Ohmic heating never exceeds the estimate
upper bound of 1.2 × 1018 W in the layer above r1
considered here, even for our geostrophic flow model.
The heat production can thus not serve as an additional
constraint for the depth of the zonal winds. However,
the Ohmic heating shows strong lateral variation illus-
trated in panel c) of figure (1). These may lead to lo-
cal variations in temperature or dynamics that could be
detectable by a spacecraft.

4. Summary and Conclusions
Zonal flow and magnetic field models constrained by
Juno mission data were used to estimate the dynamo
action of the zonal winds down to about 0.96 rJ , their
anticipated depth. We predict a locally induced radial
magnetic field which is about three orders of magni-
tude smaller than the background field. Though being
rather weak, the specific small scale pattern, which re-
flects zonal winds and the background field, may help
in its detection by a spacecraft. Similar conclusions
hold for the Ohmic heating pattern. However, the total
Ohmic heating never exceeds the newly estimated up-
per bound and cannot serve as an additional constraint
for the depth of the zonal winds.
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