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P L A N E TA R Y  S C I E N C E S

A decagon wave around Saturn’s south pole
Agustín Sánchez-Lavega1*, Amy A. Simon2, Michael H. Wong3, Leigh N. Fletcher4,  
Arrate Antuñano1, Ricardo Hueso1, Peio Iñurrigarro1, Aida Flix-Bellmunt5, Arnau Miró5,  
Enrique García-Melendo5, Trevor Barry6, Jean-Paul Oger7, Glenn S. Orton8, Itziar Garate-Lopez1

Saturn has a unique long-lived, nearly stationary hexagon wave close to its north pole that is coupled to an in-
tense eastward jet. Despite decades of observation, no similar wave has been reported so far in the southern 
hemisphere or elsewhere on Saturn. Ground-based and Hubble Space Telescope (HST) images obtained in 2025 
revealed the presence of a decagonal wave at planetographic latitudes ∼58°S to 63°S. HST images in 2023 and
2024 showed vertices with weaker albedo contrasts and linear sides of the decagon, implying an evolving phe-
nomenon. The decagon moves eastward with a velocity of 2.5 meters per second, much slower than the zonal jet 
at 60.5°S with 116 meters per second, and the longitudes of its vertices oscillate with a period of 32 days and am-
plitudes of 4.6° to 8.4°. From its properties, the decagon could be a large-scale meandering wave trapped verti-
cally and confined meridionally by the dominant jet curvature. Shallow water model simulations suggest that the 
decagon may have originated from a spatially periodic disturbance in the jet peak or may have been driven by a 
dark anticyclonic vortex immediately to the north.

INTRODUCTION
Saturn’s north pole hosts a unique atmospheric feature in the Solar 
System: a persistent hexagonal wave centered near the 78.5°N plane-
tographic latitude (1, 2). The hexagon was found in images obtained 
during the Voyager flybys in 1980–1981 and has been observed 
with ground-based telescopes and Hubble Space Telescope (HST) 
and by the Cassini spacecraft since then, indicating a lifetime that 
exceeds 44 years (3–7). The hexagon also manifests in the tempera-
ture field, extending its influence above the upper clouds into the 
stratosphere (8, 9). The hexagon is a stable atmospheric wave that 
sits on an eastward jet with a peak speed of ∼100 ms−1 while re-
maining nearly stationary in longitude with respect to Saturn’s radio-
rotation System III (10–12). Because of the long-term stability of 
Saturn’s zonal jet system (13–15), it could be expected that an ana-
log wave could form in one of the two subpolar jets in the southern 
hemisphere at 60°S and 73.6°S. However, no such wave has been 
previously reported (16), although an ephemeral partial polygonal 
feature was observed in 2004 by Cassini spacecraft (17). Because of 
Saturn’s axial tilt, the visibility of its southern hemisphere from Earth 
ended in mid-2012, and it was not until 2023 that it became visible 
again (fig. S1). Despite the low viewing angle of the southern hemi-
sphere, in October 2023, the HST red-filtered images (wavelength 
>600 nm) showed the presence of a 10-sided polygonal structure—a 
decagon at planetographic latitude ∼63°S (Fig. 1). In August 2024, 
with improving viewing angle, the decagon sides and vertices be-
came more visible, although their contrast was not uniform in lon-
gitude (Fig. 1).

RESULTS
HST images in August and September 2025 show the 10 vertices 
of the decagon fully developed, although with different contrasts 
across the latitude circle (Fig. 1). Three vertices (and sides) were very 
prominent, four were less prominent, and three were less defined. 
Ground-based images from 2025 also captured the decagon (fig. S2). 
The latitude of the wave center in the red filters at wavelengths of 
631 nm, 727 nm (a weak methane absorption band), 763 nm, and 
937 nm was 63°S ± 0.4°. The wave appeared displaced equatorward 
in the 889-nm strong methane band, centered at 60.5°S  ±  0.4° 
(Fig. 1). The decagon wave (wave number n = 10) has a mean zonal 
wavelength Lx = 16,782 ± 1100 km, and the edges of the crests and 
troughs define a sinusoidal wave with a latitudinal peak-to-peak am-
plitude of 2.7° ± 0.3° (2645 km).

A similar but less defined decagonal feature is observed outside 
the main decagon at 763 nm in a dark belt centered at 53°S in 2023 
and 2024 and at 58°S in 2025 (Fig. 1). In 2025, the decagonal undu-
lation is also observable as a white band in HST images in the meth-
ane absorption band at 889 nm at 58.8°S (Fig. 1). The latitudinal 
width of these bands is ∼2° to 3° (∼2000 to 3000 km). This banding 
and the meridional reflectivity profiles at different wavelengths 
(fig. S3) reveal that the decagon patterns extend from latitudes ∼53°S to 
∼66°S (∼13,000 km), suggesting a vertically layered, multilevel phe-
nomenon extending over a broad pressure range, from at least 10 mbar 
to 2 bar (tables S1 and S2), i.e., similar to the hexagon (18, 19).

The decagon pattern is close to a Red Spot (RS) centered at 55°S 
and observed from 2023 to 2025 (Fig. 1 and fig. S4). The RS has a size 
of about 4000 km and was well tracked in ground-based images from 
2023 to 2025, moving with a velocity of 23 ± 1 ms−1. At 763 nm, the
RS showed a high albedo in 2023 and 2024 but appeared darker in 
2025. The RS was bright at 889 nm but dark in the ultraviolet from 
2023 to 2025 (fig. S4). According to the wind profile (15), the RS is an 
anticyclone, which is consistent with its brightness at 889 nm (i.e., 
had higher cloud tops relative to background clouds; table S2). The 
RS is similar to the spot observed in 1981 by Voyager 1 and Voyager 
2 that was informally nicknamed as “Anne’s spot” (13, 20). The role 
of the RS in the formation of the decagon remains unclear, as was 
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initially the case between Anne’s spot and the hexagon (13, 21, 22). 
We see the highest vertex contrast near RS, and the section of the 
decagon with indistinct crests of the wave is on the opposite hemi-
sphere from the RS (Fig. 1).

Longitude motions and wind velocity
The decagon motion was measured by tracking the position in longi-
tude of its vertices in red images (wavelength range of ∼650 to 950 nm) 
obtained with HST and ground-based telescopes from the ALPO 

Japan and Planetary Virtual Observatory Laboratory (PVOL) data-
bases [(23); see Data, code, and materials availability]. The period 
covered extends from 26 June to 11 October 2025. We use the System 
III reference frame for longitude measurements (rotation rate = 
810.7939024°/day and rotation period = 10 hours, 39 min, and 22.4 s) 
(24) and planetographic latitudes. A linear fit to the mean drift in 
longitude of the 10 vertices gives a value of −0.47 ± 0.035°/day, the 
negative sign indicating eastward motion relative to System III (Fig. 2, 
upper panel). This corresponds to an absolute rotation period for the 

Fig. 1. Polar maps of Saturn showing the decagon wave. Polar map projections of Saturn from 40°S to 90°S from HST images showing the temporal evolution of the 
decagon at two wavelengths. The two left columns show the maps over time (first column) and maps generated by subtracting the longitudinal mean brightness (second 
column) showing the decagon troughs (white spots) and crests (vertices appearing as dark spots). A Minnaert function and an unsharp mask were applied to correct the 
limb darkening and enhance the contrast, respectively. The right column shows the decagon at red continuum wavelengths sounding the deeper clouds (763 nm, upper 
map) and in the absorption methane band at 889 nm sounding upper tropospheric aerosols (bottom map). Latitude 60°S is identified by a white bar. Blue dashed lines 
mark the circles of latitude (red marks 80°S).
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Fig. 2. Motions in longitude of the decagon vertices. The vertices are identified as V1 to V10. The upper panel shows their longitudinal drift in System III and the linear 
fit to the motion (red circles and line, respectively). The HST data are identified by blue dots and by the blue line (a linear fit). The green box in the top panel delimits the 
dataset used to study the zonal oscillations. The lower set of panels show the detrended oscillating amplitude from the linear fit for each vertex and the sinusoidal regres-
sion curve (red) with the blue curve showing the upper limit of the amplitude oscillation.
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decagon of 10 hours, 39 min, and 1.8 ± 1.6 s and a mean zonal velocity 
at latitude 63°S of uDEC = +2.5 ± 0.2 ms−1.

The zonal drift of each vertex oscillates relative to the linear fit, as 
shown in Fig. 2 (lower panel). We have studied these oscillations in 
the observation time period with the best data including HST mea-
surements and covering more than a full oscillation. The detrended 
amplitude, i.e., the differences in longitude for each vertex relative to 
the linear fit of its motion, has been fitted to a sinusoidal curve of the 
form A = A0 sin

[

(2πt∕τ)+φ0

]

 , where A is the amplitude, τ is the pe-
riod, t is the time, and φ0 is a phase shift. The resulting longitudinal 
oscillation of the vertices has a mean period τ = 32.5 days (with only 
one of the vertices deviating from this value with a period of 43 days) 
and a mean amplitude A0 = 4.6° with a maximum value A0 (max) = 
8.4° (table S3). This kind of longitudinal oscillation is similar to that 
observed in Jupiter’s Great Red Spot that has a period of ∼90 days and 
an amplitude of ∼1° (25–27). Furthermore, the date on which the peak 
of the oscillation occurs (for example, the date of the minima in Fig. 2) 
is shifted between two consecutive vertices by an average of 2.7 days 
(fig. S5). These properties in the movement of the decagon indicate the 
existence of a complex dynamical behavior, never observed in the hexa-
gon, becoming a subject that deserves future attention.

We have used HST images from August 2025 to measure the zon-
al wind velocity profile u(φ) shown in Fig. 3. The vertices of the main 
decagon as observed in filters F763M and FQ889N are located in the 
poleward side of a jet that has a peak centered at 60.5°S with a speed 
u0 = 116 ms−1. The shape and strength of this jet have not changed
substantially since 1981, as also observed in the other nonequatorial 
jets, within measurements errors (13–15). The decagon moves with a 
velocity relative to the jet at its latitude of uDEC − u(63°S) = −35 ms−1

(filter F763M). However, as mentioned above, the decagon mor-
phology is also observed in bands located further north, occupying 
the entire latitude range over which the jet extends (cyclonic and 

anticyclonic sides) (Figs. 1 and 3 and fig. S6). For this reason, we 
should consider the velocity of the decagon relative to the peak of the 
jet and then uDEC − u0 ∼ −113 ms−1. The negative sign indicates
westward motion relative to the zonal jet. The dynamical situation is 
analogous to that observed in the northern hexagon (1–7).

Temperature and thermal winds
Infrared images of Saturn were obtained on 16 and 17 August 2025 us-
ing the VLT (Very Large Telescope) Imager and Spectrometer for mid-
InfraRed (VISIR) mounted on the 8.2-m-diameter telescope UT-2 unit 
of the European Southern Observatory (ESO) (28, 29). The images 
cover the spectral range from 7.7 to 19.5 μm and provide brightness 
temperatures equivalent to radiances that sound the upper troposphere 
(100 to 300 mbar) and stratosphere (1 to 5 mbar) (fig. S7) (30). Bright-
ness temperature map projections of the south polar region do not 
show a clear signature of the decagon vertices because of the high view-
ing angle of the south polar region (fig. S8). Instead, the images show 
zonal banding, in particular in the wavelength range of 17.6 to 19.5 μm 
sounding the upper troposphere (29), with one of these brightness tem-
perature bands corresponding to the decagon region (fig. S9).

An estimate of the tropospheric and stratospheric temperatures 
was retrieved from VISIR imaging (Fig. 4A) (30). The temperature 
maps show a marked seasonal behavior, with cooler temperatures to-
ward the springtime pole at the same pressure level and, superim-
posed, the temperature fluctuations related to the zonal jet structure. 
These temperature data are used to infer the vertical structure of the 
zonal jets from the meridional temperature gradient and the ther-
mal wind balance equation (Fig. 4B) (30). The jet on which the deca-
gon is located shows decreasing velocities with altitude (31), as do 
the two adjacent jets located equatorward (latitudes 48°S and 32°S). 
The wave is on the flanks of the prograde jet in a region away from the 
strongest negative vertical wind shear.

Fig. 3. Zonal winds and maps of the decagon. Left panel: Saturn’s zonal wind profile from 50°S to 70°S measured in 2025 using HST image pairs (yellow dots) compared 
to that derived from Cassini (light blue line) (15). The orange dot marks the velocity of the decagon vertices as measured at 763 nm. The red oval marks the velocity of the 
RS (not to scale). Central panel: Part of the decagon at 763 nm with two vertices identified by yellow arrows (this map constitutes the background shown in the left panel). 
The vertices in the northern dark belt at 58°S have much lower contrasts and are identified by black arrows. Right panel: Cylindrical projection of an FQ889N image show-
ing four decagon vertices (identified by yellow arrows) and RS. Longitude scales vary in all panels to show more than one decagon vertex, making RS distorted in the right 
panel. Note also the different latitudes of the vertices with wavelength (central and right panels) identified by the dotted and dashed yellow lines.
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DISCUSSION
The decagon is located in a zonal jet in geostrophic balance, given that 
the Rossby number is Ro = u0 ∕ f0L ∼ 0.04, for u0 = 116 ms−1, a Coriolis
parameter f0 = 2ΩIIIsinφ0 = 2.7 × 10−4 s−1, and L = 2700 km from
the jet width in latitude at half maximum ∼2.8°. The ambient vorticity 
ζ = �u∕ �y (i.e., the jet meridional wind shear) ranges from 2 × 
10−5 s−1 in the anticyclonic side to −6 × 10−5 s−1 in the cyclonic side
(∼0.1 to 0.5 times the planetary vorticity f0) (fig. S10). The ambient vor-
ticity has an averaged peak curvature of |�2u/�y2| ∼ 2.5 × 10−11 m−1 s−1,
which is approximately eight times the planetary vorticity gradient 
β = 2ΩIIIcosφ∕RS = 3.2 × 10−12 m−1 s−1 [RS (φ) is Saturn’s radius at
latitude φ; fig. S10]. With these data, and as proposed for the hexagon 
(6, 22), the decagon could be a quasigeostrophic Rossby wave trapped 
vertically and confined meridionally by the dominant jet curvature 
[vertical wave number m2 < 0; (6)] and with an intrinsic phase speed cx 
− u0 ∼ −113 ms−1. However, the decagon is not uniform in longitude,
unlike the hexagon whose sides and vertices are equally contrasted. The 
decagon did not exist in Saturn’s previous year, and it appears to be de-
veloping from 2023 to 2025, rather than the long-term steadiness of the 
unchanging hexagon over the insolation cycle (fig. S1). This would sug-
gest that the decagon is a wave resulting from a dynamical instability of 
the jet occurring in the upper weather layer, as it has also been pro-
posed for the hexagon (32–36). If that were the case, the decagon could 
be a transient evolving phenomenon, whereas the hexagon is a robust 
wave, as shown by its long lifetime and stability, even in the presence of 
nearby intense convective storm activity (10, 12).

Shallow water model simulations
We have used a shallow water (SW) layer model (10, 12, 37, 38) to 
perform a zero-order exploration of the formation and stability of 
the decagon wave. The SW represents a simplified version of Saturn’s 
troposphere at the latitude of the decagon characterized by a fluid 
depth H (we use a range of 5 to 50 km) that defines the Rossby de-
formation radius as LD =

√

gH∕ f0 (range of 850 to 2700 km). We
impose a fluid motion over perturbed velocities that follows the mea-
sured wind velocity profile. The fluid is represented by its vorticity 
field PV(λ,φ) =

(

ζ+ f
)

∕H or by the deviation height η(λ,φ) from 
the fluid depth H. We have run simulations for three cases: (i) evolu-
tion of the fluid following localized Gaussian disturbances in the jet, 
(ii) evolution of the fluid when an anticyclone like RS is introduced 

at its observed latitude, and (iii) evolution of a sinusoidal wave, 
with a Gaussian meridional profile and a wave number of 10 im-
posed initially on the jet peak at 60.5°S. Figure 5 shows a selection 
of results from these simulations. In case (i), by introducing 10 lo-
calized Gaussian perturbations equidistant in length, we obtain a 
stable pattern in potential vorticity field (PV) and η, centered on 
the jet, with a wave number of 10 (Fig. 5A). However, its phase 
velocity is 88 ms−1, much higher than that of the decagon. Using a 
smaller number of perturbations, the system relaxes to a pattern 
with a wave number equal to the number of perturbations intro-
duced. In case (ii) (Fig. 5B), depending on the value of H and tan-
gential velocity Vt of the RS anticyclone, we get cases that perturb 
the jet and generate a periodic pattern in PV and η. We cannot there-
fore rule out the possibility that the formation of RS is ultimately 
the cause of the decagon, which may survive even after the disap-
pearance of the anticyclone. In case (iii) (Fig. 5C), a sinusoidal wave 
in the PV field (wave number of 10) becomes rapidly unstable and 
fragments and forms a stable pattern of anticyclones (located on 
the northern side of the jet peak) and cyclones (on the southern 
side of the jet) with the same wave number. This pattern moves 
with a zonal speed of 46 ms−1, higher than that of the decagon but 
well below that of the jet peak. One possibility is that the decagon 
contains these vortices on either side of its undulation, even if they 
could not be observed because of the limited resolution of the im-
ages. Nevertheless, and even given the simplicity of the SW model, 
the generation of these periodic structures in the jet appears prom-
ising as a possible explanation for this phenomenon and encour-
ages the conduct of simulations with more advanced multilayer 
models (39).

Saturn’s decagon offers a rare opportunity to probe polar jet dy-
namics and the processes that create stable polygonal flows in giant 
planets, including Jupiter’s polar cyclones arranged in polygonal pat-
terns in a weak wind field beyond the 80° latitude (40). Models have 
replicated polygonal structures using various combinations of tur-
bulence, jet instability, eddies and vortices, and waves in shallow and 
multilayer models that include vertical wind shear (33–35, 39, 41–
44). The discovery and characterization of Saturn’s new decagon open 
the door to exploring conditions (e.g., wind profile structure and 
changing insolation) under which models can generate stable or un-
stable evolving polygonal structures.

Fig. 4. Temperature maps and thermal winds. (A) Equator to pole temperatures in Saturn’s southern hemisphere as a function of altitude (from 0.5 bar to 1 mbar) re-
trieved from VISIR thermal-IR observations in different spectral bands. (B) The vertical structure of the zonal wind velocity retrieved from the meridional temperature 
gradients and the thermal wind relation assumed that the cloud-tracked zonal flows are at the ∼500-mbar level. The vertical marks show the latitude of the wave vertices 
at wavelengths of 763 nm (triangles) and 889 nm (squares). Data are for 16 August 2025.
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MATERIALS AND METHODS
Image analysis and measurement procedure
We used images obtained in the visual range with the HST, Wide 
Field Camera 3 (WFC3), for the Outer Planets Atmospheric Legacy 
[OPAL; (45)] programs 16995, 17294, and 17843 on 22 October 2023, 
22 August 2024, and 29 August 2025, respectively, and data from the 
Saturn Equinox program 18102 on 16 and 17 September 2025 (PI 
A. Simon). For OPAL programs, the following filters were used: 
F225W, F275W, F343N, F395N, F467M, F502N, F631N, F727N, 

F763M, and FQ889N. For the Saturn Equinox program 18102, fil-
ters used were as follows: F336N, F547M, F631N, F689M, FQ727N, 
FQ906N, and FQ937N. Details about the filters are available in (46, 
47). Each series of images covers two Saturn rotations.

We also used images obtained with the PlanetCam, a two-channel 
camera installed in the 2.2-m telescope at Calar Alto Observatory 
(48). Images were obtained on 29 August to 1 September 2025, with 
different filters in the visual channel (0.35 to 1 μm) and short-wave 
infrared (IR) channel (1 to 1.7 μm). Additional images were also 

Fig. 5. SW model results. (A) Map showing the evolution of the PV generated by an initial periodic disturbance with a wave number of 10 centered on the jet peak at 
60.5°S. (B) Map showing the evolution of the PV perturbation caused by the presence of the RS anticyclone at 55°S with velocity at periphery Vt = 125 ms−1. (C) Map of the 
evolution of the PV when a periodic sinusoidal wave with an amplitude of 1.3° and a wave number of 10 is initially introduced on the jet peak. For all the cases, we use 
H = 12.5 km and LD = 1329 km. Cylindrical map projections of these simulations are presented as fig. S11.
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provided by a network of observers around the world, contributing 
to the repositories at ALPO Japan and PVOL (Supplementary Mate-
rials). Most of these images were contrast enhanced with unsharp 
mask filters to improve the visibility of the decagon vertices and 
their measurement. We used WinJUPOS software to navigate the 
images and locate the positions of the decagon vertices and other 
features. The images were polar projected around the South Pole. 
Navigation errors in longitude and latitude location are ±0.1°. Be-
cause of the curvature at the vertices of the decagon, ground-based 
images have a precision in vertex longitudes of ±3° (for normal im-
ages), ±2° (for the best images), and ±1° for HST images.

Zonal wind profile measurement
To derive the zonal wind profile, we used HST images from the 
OPAL program taken in August 2025. We selected all available pairs 
of images in the F631N and F763M filters, given that atmospheric 
features show the sharpest contrast, taken one Saturn rotation apart, 
so that the same features are visible but slightly displaced in longi-
tude. These images were converted into equirectangular projection 
maps using the map computation tool of WinJUPOS and then high-
pass filtered to enhance feature contrast.

Zonal velocities at each latitude were obtained using a one-
dimensional brightness cross-correlation between pairs of maps (49). 
The latitudinal resolution of the maps is 0.1°/pixel, and correlations 
are computed for each row of pixels. This calculation yields the longi-
tudinal shift (in degrees) corresponding to the maximum correlation 
value. Physically, this corresponds to the zonal displacement of fea-
tures between the two cylindrical projections (50).

Limb darkening introduces a low-frequency signal in the bright-
ness scans that can dominate the correlation results. Processing the 
images with a high-pass filter reduces the limb-darkening effect, al-
though residuals remain depending on latitude. To further correct 
this, we applied a moving-average filter to the original scans and sub-
tracted it from them, acting as an additional high-pass filter and pro-
ducing flattened brightness profiles. The filter’s window size (i.e., the 
number of data points averaged) controls the performance of the filter, 
which should be short enough to remove the low-frequency limb 
darkening component but long enough to preserve the high-frequency 
variations that contain the actual information of the feature location. A 
shorter window, however, yields noisier measurements. Last, to obtain 
the zonal wind profile, the resulting data points were averaged in 0.5° 
latitude bins, smoothed over 2.5°, and the uncertainty was estimated as 
the standard deviation of the measurements within each range. Addi-
tional sources of error are described in (15).

Brightness-temperature maps from VLT/VISIR
Saturn was observed through thermal-IR imaging by ESO’s VISIR 
(30) mounted on the 8.2-m UT2 telescope at Paranal as part of a 
long-term program of observations to track seasonal evolution of 
temperatures (29). Images were acquired in two 1-hour observ-
ing runs on consecutive nights (16 August 2025, 05:42 to 06:39 UT; 
17 August 2025, 06:19 to 07:16 UT) as part of program 115.283U.001. 
Imaging conditions on both nights were excellent. Images were ac-
quired in seven narrow-band filters between 7.9 and 19.5 μm, although 
one filter (8.6 μm) is omitted from analysis because of the low signal-
to-noise ratio. The diffraction-limited angular resolution varies from 
0.6″ at 19.5 μm to 0.25″ at 7.9 μm. Figure S7 shows images on 16 August 
2025: Wavelengths between 17.6 and −19.5 μm sound temperatures 
in the upper troposphere (100 to 300 mbar) and reveal a belt/zone 

structure superimposed onto a seasonal gradient (from warm northern 
autumn to cool southern spring). Wavelengths at 7.9, 12.3, and 13.0 μm 
sound stratospheric methane, ethane, and acetylene, respectively, and 
can be used to provide a crude estimate of stratospheric temperatures.

Saturn is detected differentially on top of the bright sky back-
ground by rapid chopping and slower nodding between Saturn and 
the sky and then subtracting these beams to remove the sky emis-
sion and contributions from the telescope. Bad pixels are identified 
and cleaned before data are calibrated via scaling to a low-latitude 
average of Cassini/CIRS observations (30). Although Saturn’s tem-
peratures are known to vary with time, the mean temperatures within 
±30° of the equator are expected to remain approximately constant, 
and this crude radiometric calibration enables spectral radiances to 
be inverted to estimate atmospheric temperature. VISIR features a 
1024 by 1024 Raytheon Aquarius IBC detector, with a pixel scale of 
0.045″/pixel over a 38″ field of view, meaning that images were ro-
tated to ensure that Saturn and its rings could fit within the field of 
view. A pattern of vertical and horizontal stripes was removed by 
Fourier-transforming the images into the spectral domain, identify-
ing periodic structures to mask out, before reconstructing the image 
in the spatial domain (29). Last, we use PlanetMapper (51) to assign 
the geometry to each VISIR pixel, enabling polar projection (fig. S8) 
and extraction of the zonal mean brightness temperatures (fig. S9) 
for subsequent retrievals. The uncertainties shown in fig. S9 repre-
sent the average of the background sky observed in fig. S7.

The zonal-mean brightness in six filters (along with the estimate 
of uncertainty; fig. S9) was inverted to provide an estimate of the 
vertical temperatures as a function of latitude, from which tempera-
ture gradients can be extracted to estimate the vertical shear on the 
zonal winds. We use the NEMESIS spectral inversion code (52) to fit 
the six-point spectra at every latitude, presenting the results in Fig. 4 
of the main text. The absolute temperatures at each pressure level are 
rather uncertain (with errors ranging from ∼2 K at 100 mbar to 
∼4 K at 1 mbar), but the positions of the maxima in the temperature 
gradients are well constrained by VISIR imaging, revealing the ver-
tical wind shear in the vicinity of the decagon. More precise con-
straints on the temperature field require thermal-IR spectroscopy.

SW model description
An SW model is a simplified two-dimensional representation of the at-
mosphere. It consists of a thin layer of fluid on a spheroidal surface, and 
it is valid as long as the horizontal motion length scale (L) is signifi-
cantly larger than the vertical scale (H). The SW code used in the simu-
lations presented herein is described in (37, 53) and has been used in 
prior work on Saturn (10, 12, 38). The model is built upon the following 
assumptions: The fluid is incompressible and inviscid, which decouples 
the dynamics from the thermodynamics. Given that L ≫ H, the system 
is assumed to be in hydrostatic equilibrium, and therefore, there are no 
vertical motions. The apparent gravity g is taken to be normal to the 
surface at every point, and also, only the normal component to the sur-
face of the angular rotation vector is considered, for it is the one that 
contributes to the rotation effects. Zonal wind latitudinal variation is 
included in the simulations. These simplifications preserve the essential 
dynamics of planetary waves, geostrophic adjustment, and the hydro-
dynamic response to zonal winds. Consequently, the simulations ac-
count for the effects of rotation and the action of zonal jets in a 
planetary atmosphere. However, the model does not account for ther-
modynamics, stratification effects, and vertical motions. We use a 
single-layer model governed by the following equations
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where λ is the longitude; h is the fluid layer thickness; η is the fluid ele-
vation above the reference level; u and v are the zonal and meridional 
velocities, respectively; g = g(φ) is the apparent gravity; and S(λ, φ, t) is 
any source (perturbation) of η, with other magnitudes defined above. 
The local zonal radius rz and meridional radius rm are defined as

with RE and RP being the equatorial and polar radii of Saturn, re-
spectively. Disturbances to the flow are produced by introducing 
variations of η with a Gaussian shape at a given time and location. A 
Gaussian surface elevation perturbation is equivalent to an injection 
of potential energy, which, under geostrophic adjustment, preserves 
its amplitude. The Gaussian disturbances are introduced as two-
dimensional functions described by

where a =
√

2σλ, b =
√

2σφ , n is a parameter that controls the flat-
ness of the Gaussian top, and h is calculated given a characteristic 
velocity Vt imposing geostrophic equilibrium

The case simulations started with an order zero run, without flow 
disturbances, to test the stability of the jet system along 200 days. Then, 
we proceed with the following cases: (i) series of 1 to 10 localized Gauss-
ian disturbances equally separated in longitude, (ii) simulation of the RS 
anticyclone at 55°S to test its influence on the 61°S jet, and (iii) stability 
of a sinusoidal wave in the jet peak at 61°S with the wave number of 10, 
as observed for the decagon, to test its evolution. In tables S4 to S6, we 
give the range of values for the parameters tested in these simulations.

Supplementary Materials
This PDF file includes:
List of amateur contributors
Figs. S1 to S11
Tables S1 to S6

REFERENCES
1. A. D. Del Genio, R. K. Achterberg, K. H. Baines, F. M. Flasar, P.L. Read, A. Sánchez-Lavega, 

A. P. Showman, “Saturn atmospheric structure and dynamics” in Saturn after 
Cassini-Huygens, M. Dougherty, L. Esposito, T. Krimigis, Eds. (Springer-Verlag, 2009), 
pp. 113–159.

2. K. M. Sayanagi, K. H. Baines, U. Dyudina, L. N. Fletcher, A. Sánchez-Lavega, R. A. West, 
“Saturn’s polar atmosphere” in Saturn in the 21st Century, K. Baines, F. Flasar, N. Krupp, 
T. Stallard, Eds. (Cambridge University Press, Cambridge, 2018), pp. 337–376.

3.	D . A. Godfrey, A hexagonal feature around Saturn’s north pole. Icarus 76, 335–356 (1988).
4. A. Sánchez Lavega, J. Lecacheux, F. Colas, P. Laques, Ground-based observations of 

Saturn’s North Polar Spot and Hexagon. Science 260, 329–332 (1993).
5. K. H. Baines, T. W. Momary, L. N. Fletcher, A. P. Showman, M. Roos-Serote, R. H. Brown, 

B. J. Buratti, R. N. Clark, P. D. Nicholson, Saturn’s north polar cyclone and hexagon at 
depth revealed by Cassini/VIMS. Planet. Space Sci. 57, 1671–1681 (2009).

6. A. Sánchez-Lavega, T. del Río-Gaztelurrutia, R. Hueso, S. Pérez-Hoyos, E. García-Melendo, 
A. Antuñano, I. Mendikoa, J. F. Rojas, J. Lillo, D. Barrado-Navascués, J. M. Gomez-Forrellad, 
C. Go, D. Peach, T. Barry, D. P. Milika, P. Nicholas, A. Wesley, The long-term steady motion 
of Saturn’s hexagon and the stability of its enclosed jet stream under seasonal changes. 
Geophys. Res. Lett. 41, 1425–1431 (2014).

7.	 A. Antuñano, T. del Rio-Gaztelurrutia, A. Sánchez-Lavega, R. Hueso, Dynamics of Saturn’s 
polar regions. J. Geophys. Res. Planets 120, 155–176 (2015).

8.	 L. N. Fletcher, P. G. J. Irwin, G. S. Orton, N. A. Teanby, R. K. Achterberg, G. L. Bjoraker, 
P. L. Read, A. A. Simon-Miller, C. Howett, R. de Kok, N. Bowles, S. B. Calcutt, B. Hesman, 
F. M. Flasar, Temperature and composition of Saturn’s polar hot spots and hexagon. 
Science 319, 79–81 (2008).

9.	 L. N. Fletcher, G. S. Orton, J. A. Sinclair, S. Guerlet, P. L. Read, A. Antuñano, R. K. Achterberg, 
F. M. Flasar, P. G. J. Irwin, G. L. Bjoraker, J. Hurley, B. E. Hesman, M. Segura, N. Gorius, 
A. Mamoutkine, S. B. Calcutt, A hexagon in Saturn’s northern stratosphere surrounding 
the emerging summertime polar vortex. Nat. Commun. 9, 3564 (2018).

10.	 A. Sánchez-Lavega, E. García-Melendo, J. Legarreta, R. Hueso, T. del Río-Gaztelurrutia, 
J. F. Sanz-Requena, S. Pérez-Hoyos, A. A. Simon, M. H. Wong, M. Soria, 
J. M. Gómez-Forrellad, T. Barry, M. Delcroix, K. M. Sayanagi, J. J. Blalock, J. L. Gunnarson, 
U. Dyudina, S. Ewald, A complex storm system and a planetary-scale disturbance in 
Saturn’s north polar atmosphere in 2018. Nat. Astron. 4, 180–187 (2020).

11.	 R. Hueso, A. Sánchez-Lavega, J. F. Rojas, A. Simon, T. Barry, T. de Rio-Gaztelurrutia, 
K. M. Sayanagi, A. Antuñano, J. Blalock, F. Colas, M. Delcroix, J. M. Gomez-Forrellad, 
J. Gunnarson, D. Peach, S. Perez-Hoyos, M. H. Wong, Saturn atmospheric dynamics one 
year after Cassini: Long-lived features and hexagon’s drift rate variations. Icarus 336, 
113429 (2020).

12.	 A. Sánchez-Lavega, E. García-Melendo, T. del Río-Gaztelurrutia, R. Hueso, A. Simon, 
M. H. Wong, K. Ahrens-Velàsquez, M. Soria, T. Barry, C. Go, C. Foster, Interaction of Saturn’s 
Hexagon with convective storms. Geophys. Res. Lett. 48, e2021GL092461 (2021).

13.	 A. Sánchez-Lavega, J. F. Rojas, P. V. Sada, Saturn’s zonal winds at cloud level. Icarus 147, 
405–420 (2000).

14.	C . C. Porco, E. Baker, J. Barbara, K. Beurle, A. Brahic, J. A. Burns, S. Charnoz, N. Cooper, 
D. D. Dawson, A. D. del Genio, T. Denk, L. Dones, U. Dyudina, M. W. Evans, B. Giese,  
K. Grazier, P. Helfenstein, A. P. Ingersoll, R. A. Jacobson, T. V. Johnson, A. McEwen,  
C. D. Murray, G. Neukum, W. M. Owen, J. Perry, T. Roatsch, J. Spitale, S. Squyres, P. Thomas, 
M. Tiscareno, E. Turtle, A. R. Vasavada, J. Veverka, R. Wagner, R. West, Cassini Imaging 
Science: Initial results on Saturn’s atmosphere. Science 307, 1243–1247 (2005).

	 15.	E . García-Melendo, S. Pérez-Hoyos, A. Sánchez-Lavega, R. Hueso, Saturn’s zonal wind 
profile in 2004–2009 from Cassini ISS images and its long-term variability. Icarus 215, 
62–74 (2011).

16.	 A. Sánchez-Lavega, S. Pérez-Hoyos, J. R. Acarreta, R. French, No hexagonal wave around 
Saturn’s southern pole. Icarus 160, 216–219 (2002).

17. A. R. Vasavada, S. M. Hörst, M. R. Kennedy, A. P. Ingersoll, C. C. Porco, A. D. del Genio, 
R. A. West, Cassini imaging of Saturn: Southern hemisphere winds and vortices. J. 
Geophys. Res. 111, E05004 (2006).

18. A. Sánchez-Lavega, A. Garcia-Munoz, T. del Rio-Gaztelurrutia, S. Perez-Hoyos, 
J. F. Sanz-Requena, R. Hueso, S. Guerlet, J. Peralta, Multilayer hazes over Saturn’s hexagon 
from Cassini ISS limb images. Nat. Commun. 11, 2281 (2020).

19. J. F. Sanz-Requena, S. Pérez-Hoyos, A. Sánchez-Lavega, A. Antuñano, P. G. J. Irwin, Haze 
and cloud structure of Saturn’s North Pole and Hexagon Wave from Cassini/ISS imaging. 
Icarus 305, 284–300 (2018).

20. B. A. Smith, L. Soderblom, R. Batson, P. Bridges, J. Inge, H. Masursky, E. Shoemaker, 
R. Beebe, J. Boyce, G. Briggs, A. Bunker, S. A. Collins, C. J. Hansen, T. V. Johnson, 
J. L. Mitchell, R. J. Terrile, A. F. Cook II, J. Cuzzi, J. B. Pollack, G. E. Danielson, A. P. Ingersoll,
M. E. Davies, G. E. Hunt, D. Morrison, T. Owen, C. Sagan, J. Veverka, R. Strom, V. E. Suomi, 
A new look at the saturn system: The Voyager 2 images. Science 215, 504–537 (1982).

21.	 A. Sánchez-Lavega, J. F. Rojas, J. R. Acarreta, J. Lecacheux, F. Colas, P. V. Sada, New 
observations and studies of Saturn’s long-lived North Polar Spot. Icarus 128, 322–334 (1997).

Du

Dt
−

(

f +
sinφ

rz
u

)

v = −
g

rz

�η

�λ
(1)

Dv

Dt
−

(

f +
sinφ

rz
u

)

u = −
g

rm

�η

�φ
(2)

𝜕H

𝜕t
= −∇ ⋅

(

h �⃗u
)

+ S(λ,φ, t) (3)

rz =
RE

√

1 +
(

Rp

RE

)2

tan2φ
(4)

rm =
rz ∕cosφ

sin2φ +
(

RE

Rp

)2

cos2φ
(5)

η(λ,φ)=hexp

{

−

[

(

λ−λ0

a

)2

+
(φ−φ0

b

)2
]n}

(6)

h =
rm f bVt

2ng

(

1−
1

2n

)

2n−1

2n

exp
(

1−
1

2n

)

(7)



Sánchez-Lavega et al., Sci. Adv. 12, eaee4251 (2026)     2 September 2026

S c i e n c e  A d v a n c e s  |  R e s e ar  c h  A r t i c l e

9 of 9

22. M. Allison, D. A. Godfrey, R. F. Beebe, A wave dynamical interpretation of Saturn’s polar 
hexagon. Science 247, 1061–1063 (1990).

23. R. Hueso, J. Juaristi, J. Legarreta, A. Sánchez-Lavega, J. F. Rojas, S. Erard, B. Cecconi, 
P. Le Sidaner, The Planetary Virtual Observatory and Laboratory (PVOL) and its integration 
into the Virtual European Solar and Planetary Access (VESPA). Planet. Space Sci. 150, 
22–35 (2018).

24. B. A. Archinal, C. H. Acton, M. F. A’Hearn, A. Conrad, G. J. Consolmagno, T. Duxbury, 
D. Hestroffer, J. L. Hilton, R. L. Kirk, S. A. Klioner, D. McCarthy, K. Meech, J. Oberst, J. Ping, 
P. K. Seidelmann, D. J. Tholen, P. C. Thomas, I. P. Williams, Report of the IAU working group 
on cartographic coordinates and rotational elements: 2015. Celest. Mech. Dyn. Astron.
130, 22 (2018).

25.	H . G. Solberg, A 3-month oscillation in the longitude of Jupiter’s Red Spot. Planet. Space 
Sci. 17, 1573–1580 (1969).

26.	 J. M. Trigo-Rodríguez, A. Sánchez-Lavega, J. M. Gómez, J. Lecacheux, F. Colas, I. Miyazaki, 
The 90-day oscillations of Jupiter’s Great Red Spot revisited. Planet. Space Sci. 48, 
331–339 (2000).

27. A. A. Simon, M. H. Wong, P. S. Marcus, P. G. J. Irwin, A detailed study of Jupiter’s Great Red 
Spot over a 90-day oscillation cycle. Planet. Sci. J. 5, 223 (2024).

28. P. Lagage, J. Pel, M. Authier, J. Belorgey, A. Claret, C. Doucet, D. Dubreuil, G. Durand, 
E. Elswijk, P. Girardot, H. Kaufl, G. Kroes, M. Lortholary, Y. Lussignol, M. Marchesi, E. Pantin, 
R. Peletier, J. Pirard, J. Pragt, Y. Rio, T. Schoenmaker, R. Siebenmorgen, A. Silber, A. Smette, 
M. Sterzik, C. Veyssière, “Successful Commissioning of VISIR: The Mid-Infrared VLT 
instrument,” The Messenger (2004), no. 117, pp. 12–16; www.eso.org/sci/publications/
messenger/archive/no.117-sep04/messenger-no117-12-16.pdf.

29. J. S. D. Blake, L. N. Fletcher, G. S. Orton, A. Antuñano, M. T. Roman, Y. Kasaba, T. Fujiyoshi, 
H. Melin, D. Bardet, J. A. Sinclair, M. Es-Sayeh, Saturn’s seasonal variability from four 
decades of ground-based mid-infrared observations. Icarus 392, 115347 (2023).

30. L. N. Fletcher, G. S. Orton, P. Yanamandra-Fisher, B. Fisher, P. D. Parris, P. G. J. Irwin, 
Retrievals of atmospheric variables on the gas giants from ground-based mid-infrared 
imaging. Icarus 200, 154–175 (2009).

31. P. L. Read, B. J. Conrath, L. N. Fletcher, P. J. Gierasch, A. A. Simon-Miller, L. C. Zuchowski, 
Mapping potential vorticity dynamics on Saturn: Zonal mean circulation from Cassini and 
Voyager data. Planet. Space Sci. 57, 1682–1698 (2009).

32. A. C. Barbosa Aguiar, P. L. Read, R. D. Wordsworth, T. Salter, Y. Hiro Yamazaki, A laboratory 
model of Saturn’s north polar hexagon. Icarus 206, 755–763 (2010).

33. R. Morales-Juberías, K. M. Sayanagi, A. A. Simon, L. N. Fletcher, R. G. Cosentino, 
Meandering shallow atmospheric jet as a model of Saturn’s north-polar hexagon. 
Astrophys. J. Lett. 806, L18 (2015).

34. M. Rostami, V. Zeitlin, A. Spiga, On the dynamical nature of Saturn’s north polar hexagon. 
Icarus 297, 59–70 (2017).

35. A. Antuñano, T. del Río-Gaztelurrutia, A. Sánchez-Lavega, J. Rodriguez Aseguinolaza, 
Cloud morphology and dynamics in Saturn’s Northern Polar Region. Icarus 299, 117–132 
(2018).

36. A. Antuñano, T. del Río-Gaztelurrutia, A. Sánchez-Lavega, P. L. Read, L. N. Fletcher, 
Potential vorticity of Saturn’s polar regions. J. Geophys. Res. 124, 186–201 (2019).

37.	E . García-Melendo, A. Sánchez-Lavega, Shallow water simulations of Saturn’s Giant 
Storms at different latitudes. Icarus 286, 241–260 (2017).

38. A. Sánchez-Lavega, G. Fischer, L. N. Fletcher, E. García-Melendo, B. Hesman, 
S. Pérez-Hoyos, K. M. Sayanagi, L. A. Sromovsky, “The Great Storm of 2010-2011” in Saturn 
in the 21st Century, K. H. Baines, F. M. Flasar, N. Krupp, T. S. Stallard, Eds. (Cambridge 
University Press, Cambridge, U.K, 2019), pp. 377–416.

39. R. Morales-Juberías, K. M. Sayanagi, T. E. Dowling, A. P. Ingersoll, Emergence of polar-jet 
polygons from jet instabilities in a Saturn model. Icarus 211, 1284–1293 (2011).

40. A. Adriani, A. Mura, G. Orton, C. Hansen, F. Altieri, M. L. Moriconi, J. Rogers, G. Eichstädt, 
T. Momary, A. P. Ingersoll, G. Filacchione, G. Sindoni, F. Tabataba-Vakili, B. M. Dinelli, 
F. Fabiano, S. J. Bolton, J. E. P. Connerney, S. K. Atreya, J. I. Lunine, F. Tosi, A. Migliorini, 
D. Grassi, G. Piccioni, R. Noschese, A. Cicchetti, C. Plainaki, A. Olivieri, M. E. O’Neill, 
D. Turrini, S. Stefani, Clusters of cyclones encircling Jupiter’s poles. Nature 555, 216–219 
(2018).

41. R. N. Ibragimov, G. Lin, Longitudinal dimensions of polygon-shaped planetary waves. J. 
Appl. Nonlinear Dyn. 4, 153–167 (2015).

42. B. F. Farrell, P. J. Ioannou, Statistical state dynamics based theory for the formation and 
equilibration of Saturn’s north polar jet. Phys. Rev. Fluids 2, 073801 (2017).

43. R. K. Yadav, J. Bloxham, Deep rotating convection generates the polar hexagon on Saturn. 
Proc. Natl. Acad. Sci. U.S.A. 117, 13991–13996 (2020).

44. A. Constantin, R. S. Johnson, Nonlinear atmospheric flow patterns confined to zonal 
cloud bands: Saturn’s hexagon. J. Atmos. Sci. 82, 1815–1832 (2025).

45. A. A. Simon, M. H. Wong, G. S. Orton, First results from the Hubble OPAL program: Jupiter 
in 2015. Astrophys. J. Lett. 812, 55 (2015).

46. WFC3 Instrument Handbook [accessed 2026]. https://hst-docs.stsci.edu/wfc3ihb/
chapter-1-introduction-to-wfc3/1-4-wfc3-quick-reference-guide.

47. Filter data available at Spanish Virtual Observatory, Centro Astrobiología, CSIC [accessed 
2026]. https://svo2.cab.inta-csic.es/theory/fps/index.php?&mode=browse&gname=HST
&gname2=WFC3_UVIS1.

	 48.	I . Mendikoa, A. Sánchez-Lavega, S. Pérez-Hoyos, R. Hueso, J. F. Rojas, J. López-Santiago, 
Temporal and spatial variations of Jupiter’s and Saturn’s absolute reflectivity from 0.38 to 
1.7 μm using PlanetCam-UPV/EHU. Astron. Astrophys. 607, A72 (2017).

49.	E . García-Melendo, A. Sánchez Lavega, A study of the stability of Jovian zonal winds from 
HST Images: 1995-2000. Icarus 152, 316–330 (2001).

50. A. Sánchez-Lavega, L. Sromovsky, A. Showman, A. Del Genio, R. Young, R. Hueso, E. García 
Melendo, Y. Kaspi, G. S. Orton, N. Barrado-Izagirre, D. Choi, J. Barbara, “Gas giants” in Zonal 
Jets, B. Galperin, P. Read, Eds. (Cambridge University Press, 2019), pp. 72–103.

51. O. King, L. N. Fletcher, PlanetMapper: A Python package for visualising, navigating and 
mapping Solar System observations. J. Open Source Softw. 8, 5728 (2023).

52.	 P. G. J. Irwin, N. A. Teanby, R. de Kok, L. N. Fletcher, C. J. A. Howett, C. C. C. Tsang, 
C. F. Wilson, S. B. Calcutt, C. A. Nixon, P. D. Parrish, The NEMESIS planetary atmosphere 
radiative transfer and retrieval tool. J. Quant. Spectrosc. Radiat. Transf. 109, 1136–1150 (2008).

53. M. Soria, E. Garcia-Melendo, A. Miró, Shallow Worlds 2 v1.2.0, Zenodo (2023), http://doi.
org/10.5281/zenodo.10255095.

54. Misulski Archive Space Telescopes, The Hubble Space Telescope Outer Planet 
Atmospheres Legacy (OPAL) (2026), https://archive.stsci.edu/hlsp/opal.

55. WinJUPOS 12.4.1 (2026), http://jupos.org/gh/download.htm.
	 56.	T he Planetary Virtual Observatory Laboratory (PVOL) (2026), http://pvol2.ehu.eus/pvol2/.
57. ALPO Japan, Association of Lunar and Planetary Observers in Japan, Saturn (2026), 

https://alpo-j.sakura.ne.jp/indexE.htm.

Acknowledgments: This research is based on observations made with the NASA/ESA HST 
obtained from the Space Telescope Science Institute, which is operated by the Association of 
Universities for Research in Astronomy Inc. under NASA contract NAS 5-26555. A.S.-L., A.A., 
R.H., P.I., and I.G.-L. acknowledge the observations collected with PlanetCam instrument at 
Centro Astronómico Hispano en Andalucía (CAHA) at Calar Alto, operated jointly by Junta de 
Andalucía and Consejo Superior de Investigaciones Científicas (IAA-CSIC). L.N.F. acknowledges 
VISIR observations collected at the European Organization for Astronomical Research in the 
Southern Hemisphere under ESO program 115.283U.001. For the purpose of open access, the 
authors have applied a Creative Commons Attribution (CC BY) license to the Author Accepted 
Manuscript version arising from this submission. A portion of this work used the ALICE 
high-performance computing facility at the University of Leicester. We are very grateful to the 
ensemble of amateur observers who submit their observations to the PVOL and ALPO-Japan 
databases (see the list of contributors in the Supplementary Materials). Funding: A.S.-L., A.A., 
R.H., P.I., and I.G.-L. were supported by Grupos Gobierno Vasco IT1742-22 and by grant 
PID2023-149055NB-C31 and, A.F.-B., A.M., and E.G.-M. by grant PID2023-149055NB-C32, both 
PIDs funded by MICIU/AEI/10.13039/501100011033 and 391 by FEDER, UE. Some of this 
research was carried out by G.S.O. at the Jet Propulsion Laboratory, California Institute of 
Technology, under a contract with NASA (80NM0018D0004). HST observations are associated 
with programs 16995, 17294, 17843, and 18102. A.A.S. and M.H.W. are supported by a grant 
associated with these programs. PlanetCam observations were supported by the project 
Elkartek grant KK-2025/00106 (Basque Government, Spain). L.N.F. was supported by STFC 
Grant reference UKRI1205. A.F.-B. research is supported by the predoctoral program AGAUR-FI 
ajuts (FI-SDUR 2024), which is backed by the Secretariat of Universities and Research of the 
Department of Research and Universities of the Generalitat of Catalonia, as well as the 
European Social Plus Fund. Author contributions: Conceptualization: A.S.-L., A.A.S., L.N.F., 
A.F.-B., E.G.-M., and R.H. Methodology: A.S.-L., A.A.S., M.H.W., L.N.F., A.A., R.H., A.F.-B., E.G.-M., 
and A.M. Investigation: A.S.-L., A.A.S., L.N.F., A.A., R.H., P.I., A.F.-B., E.G.-M., T.B., J.-P.O., I.G.-L., and 
A.M. Visualization: A.S.-L., A.A.S., L.N.F., A.A., R.H., E.G.-M., A.F.-B., and A.M. Funding acquisition: 
A.S.-L., R.H., A.A.S., M.H.W., L.N.F., E.G.-M., and G.S.O. Writing—original draft: A.S.-L. Writing—
review and editing: A.A.S., M.H.W., L.N.F., A.A., R.H., P.I., A.F.-B., E.G.-M., T.B., J.-P.O., G.S.O., and 
I.G.-L. Competing interests: The authors declare that they have no competing interests. Data, 
code, and materials availability: All data and code needed to evaluate and reproduce the 
results in the paper are present in the paper and/or the Supplementary Materials. The HST 
OPAL program images are available in the OPAL archive (54). The WinJUPOS code used for 
image measurements can be downloaded from (55). Other images used for this work are 
available at the PVOL (56) and at ALPO Japan, Association of Lunar and Planetary Observers in 
Japan (57). No physical materials were generated in this work.

Submitted 2 December 2025 
Accepted 24 July 2026 
Published 2 September 2026 
10.1126/sciadv.aee4251

https://www.eso.org/sci/publications/messenger/archive/no.117-sep04/messenger-no117-12-16.pdf
https://www.eso.org/sci/publications/messenger/archive/no.117-sep04/messenger-no117-12-16.pdf
https://hst-docs.stsci.edu/wfc3ihb/chapter-1-introduction-to-wfc3/1-4-wfc3-quick-reference-guide
https://hst-docs.stsci.edu/wfc3ihb/chapter-1-introduction-to-wfc3/1-4-wfc3-quick-reference-guide
https://svo2.cab.inta-csic.es/theory/fps/index.php?&mode=browse&gname=HST&gname2=WFC3_UVIS1
https://svo2.cab.inta-csic.es/theory/fps/index.php?&mode=browse&gname=HST&gname2=WFC3_UVIS1
http://doi.org/10.5281/zenodo.10255095
http://doi.org/10.5281/zenodo.10255095
https://archive.stsci.edu/hlsp/opal
http://jupos.org/gh/download.htm
http://pvol2.ehu.eus/pvol2/
https://alpo-j.sakura.ne.jp/indexE.htm

	A decagon wave around Saturn’s south pole
	INTRODUCTION
	RESULTS
	Longitude motions and wind velocity
	Temperature and thermal winds

	DISCUSSION
	Shallow water model simulations

	MATERIALS AND METHODS
	Image analysis and measurement procedure
	Zonal wind profile measurement
	Brightness-temperature maps from VLT/VISIR
	SW model description

	Supplementary Materials
	This PDF file includes:

	REFERENCES
	Acknowledgments




