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We analyzed 21 radar speckle tracking observations
of Venus’s instantaneous spin state spanning almost 15
years to characterize its interior structure, length of day,
and the remarkable influence of the atmosphere on the
length of day [1]. The observing protocol and data re-
duction technique closely followed those used for simi-
lar observations of Mercury [2, 3] that were confirmed at
the 1% level by subsequent spacecraft observations [4].

Spin orientation, precession, and moment of inertia:
We used a three-parameter least-squares fit to the data to
estimate the spin axis orientation of Venus as well as its
precession rate. The first two adjustable parameters are
the right ascension (RA) and declination (DEC) of the
spin axis in the equatorial frame of J2000.0. The third
adjustable parameter is the normalized moment of inertia
C/MR2, which is inversely proportional to the preces-
sion rate. We estimated confidence intervals with 2000
bootstrap trials, which confirmed the robustness of the fit
results with respect to inclusion or exclusion of certain
data points. The spin axis orientation of Venus is de-
termined with an overall precision of 2.7 arcsec, which
improves upon the Magellan estimates by a factor of 5–
15. The normalized moment of inertia is determined with
fractional uncertainties of 7%. The results are not yet
sufficient to rule out certain classes of interior models,
whose normalized moments of inertia computed in a re-
cent study [5] span the range 0.327 – 0.342.

Spin period and length-of-day variations: The data
show that Venus exhibits substantial length-of-day
(LOD) variations that exceed the range seen in published
values of Venus’s average spin rate [6, 7, 8]. The median
value of 21 measurements with an average fractional un-
certainty of 5 ppm provides a robust estimate of the av-
erage length of day on Venus, P=243.0226 ± 0.0013
days (1σ), where the uncertainty is obtained by boot-
strap resampling. Natural variability around the mean
is ± 0.0047 days (1σ). Our improved determinations of
the spin axis orientation, precession rate, and spin pe-
riod form the basis of a recommended orientation model
for Venus. Without this model, the targeting of landed
missions could be in error by 29 km at the equator and
this error would continue to grow by ∼ 1 km per year
past 2021. Stochastic LOD variations over a 30-day pe-
riod contribute an additional uncertainty of ±300 m (1σ),
which will complicate the establishment of new geodetic

control networks and the measurement of the spin pre-
cession from orbital or landed platforms.

The fractional excursion in instantaneous spin rate
observed to date is 61 ppm, which corresponds to vari-
ations in spin period of 0.015 days or 21 minutes. We
suggest that changes in atmospheric angular momentum
(AAM) are primarily responsible for the LOD variations
at Venus, with a ∼3 ppm variation at semidiurnal fre-
quencies due to solar torques on Venus’s permanent de-
formation and sub-ppm variations due to core-mantle in-
teractions [9]. The AAM variations are so large that they
likely prevent the resonances with Earth that have been
hypothesized for decades [10].

If the AAM budget on Venus is 2.9×1028 kg m2 s−1

[11], the 61 ppm fractional excursion in spin period mea-
sured to date provides a lower bound on the fractional
change in AAM of ε = 3.8%. The 9±5 ppm variations
observed on consecutive Earth days correspond to spin
period changes of 3.5 minutes and ε = 0.6%. These
measurements provide useful calibration data for GCMs.

The data indicate a possible diurnal variations in
AAM, which may be explained in part by mountain
torques. Mountain torques are hypothesized to cause re-
markable planetary-scale features observed in the rapidly
rotating upper atmosphere that are stationary with re-
spect to the slowly rotating surface [12, 13]. The torques
affect the rotation rate of the solid body [14], and our data
suggest slower rotation after midday over low-latitude
highlands. However, the approximate simulations con-
ducted to date suggest diurnal changes in LOD of 2 min-
utes [14], whereas we observe LOD variations of at least
20 minutes.
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