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Introduction

This supplemental file contains figures that support the main text, providing ad-
ditional context.

Fig. S1 - S3 discusses our methodology for deriving the flat-field solution used in
this study. Fig. S4 displays 2D maps of the spectral uncertainties for a range of wave-
lengths containing contribution from both the troposphere and the stratosphere. Fig.

S5 highlights the issues we experienced fitting the CH4 Q-branch at 7.66 pm. Fig. S6
and S7 display 3D graphics of the retrieved tropospheric and stratospheric temperature
structure within the MIRI FOV. An image taken by Hubble was used for visible-light
context of the cloud tops in July. In August, visible amateur data is displayed that was
observed on 2022-08-15 (Miyazaki, 2024). Fig. S8 compares the differences in temper-
ature between the July and August epochs. Fig. S9 displays 2D maps of the tempera-
ture retrieval uncertainty (1o). Fig. S10 displays the correlation (or lack thereof) be-
tween NH3 FSH and Saturation Vapor Pressure (SVP) derived from the retrieved tem-
perature structure and between PH3 FSH and retrieved aerosol opacity. The NH3 shows
little difference in the correlation between SVP and NH3s FSH between the outside and
inside of the GRS vortex. The PH3 does display a good correlation, but only inside the
GRS vortex. This is consistent with the theory of the PH3 molecules inside the GRS be-
ing shielded by the excess aerosol opacity from the UV light that would normally pho-
tolyse and remove this molecule as outlined in the main text.
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Fig. S11 displays the calculated 2D Jovian gravity field used to derive the thermal

winds in the main text. This was dependent on the planetocentric latitude (¢.) and the

altitude above the 1 bar pressure level (z) and is given by:

GM;

9(pe,2) = R+ 2)?

where G is the gravitational constant, M is the mass of Jupiter, taken as 1.898x

10%7 kg and:

Re,

R=
\/(cos $e)2 + (1)2(sin 6,.)?

where R, is the equatorial radius of Jupiter, taken as 71492 km and e is the jo-
vian ellipticity, taken as 0.065.

(1)

Finally, Fig. S12 and S13 display 2D maps of the thermal windshear uncertainties,

thermal velocity uncertainty and buoyancy frequency uncertainty.
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Figure SI: (a) Output from stage 3 of the JWST calibration pipeline (Greenfield &
Miller, 2016) for 7.56 pm, containing contribution from the jovian stratosphere and 8.65
pm, displaying contribution from the troposphere. Dither 1 of the Central tile of the

July Epoch is shown here. The GRS is visible in the latter wavelength as an oval of low
surface-brightness. Flat-fielding effects such as horizontal stripes and artefacts are visible
for both wavelengths. (b) Flat field frames derived using data from Saturn as part of ob-
servation GTO 1247 (Fletcher et al., 2023; King et al., 2023). A flat-field was derived for
each observation in this sequence using the 4 dither positions for each tile and the average
of these is presented here. (¢) Applying this derived Saturn flat did little to resolve the
problems seen in the Jupiter data. (d) Flat-fields derived using the Jupiter GTO 1246
data, again taking the average of all the flat-fields derived from each of the observations.
(e) Applying this mean Jupiter flat to the Jupiter data improved the data quality, but did
not fully resolve the flat-fielding problems.
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Figure S2: The July/Centre/dither 1 data is again shown here. (a) Deriving a mean flat-
field using the Jupiter GTO 1246 data following the approach of (Fletcher et al., 2023;
King et al., 2023) in Fig. S1 did not fully remove the stripes and artefacts observed in the
stage 3 pipeline output. (b) New flat-fields were therefore derived using the 4 dither posi-
tions for each tile. This generated flat-fields that were unique to each tile. Note that there
was still sufficient spatial separation between the dither positions to avoid atmospheric
structure appearing in these flats. (¢) Applying these new flat-field solutions to the data
resulted in considerable improvement to the data quality, with previously obscured atmo-
spheric structure becoming visible.
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Figure S3: (a) Spectra obtained from (295.5°W, 20.5°S) corresponding to the approxi-
mate centre of the FOV in Fig. S1 and S2 for the stage 3 pipeline output and each ver-
sion of the flat-field solution. The pipeline output uncertainty, although indicated on

the plot is too small to be seen here due to a known issue where the pipeline currently
underestimates spectral uncertainties by a factor of 10 (Law et al., 2023). Multiplying
this by factors of 4-8 (8 shown here) enabled us to achieve better fitting in the retrieval
process. (b) Difference of each flat-field corrected spectrum to the pipeline output. The
uncertainties (normal and multiplied by 8) in the pipeline output are indicated by the
shaded regions. Mean standard deviation across the wavelength range at this position for
the Saturn Corrected, Jupiter corrected and Self-Corrected data was; 1.17, 1.84 and 1.65
respectively. However, accounting for the underestimated pipeline uncertainties, the dif-
ference in surface brightness between the flat-field corrected and the pipeline output data
is typically a factor of 0.2 - 0.5 smaller than the spectral uncertainties and was therefore
ignored.
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Figure S4: 2D maps of the spectral radiance (@£W c¢cm? sr~! pm~!) uncertainties for; 6.8
pm (probing 800 mbar), 7.5 pm (10 mbar), 7.7 pm (1 mbar), 8.7 pm (1000 mbar) and 10.8
pm (400 mbar). The positions of the peak Hubble wind velocities are indicated by the
dashed orange circle. The first column displays the July epoch uncertainties, the GRS is
centred on (296.0°W, 22.5°S). The second column displays the August data, the GRS here
is centred on (301.0°W, 22.5°S).
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Figure S5: (a) Stage 2 spectral fits to (286.5°W, 22.0°S). The uncertainties obtained
from the JWST calibration pipeline and multiplied by 8 to account for the known is-
sue of the pipeline underestimating uncertainties (Law et al., 2023) resulted in the CHy
Q-branch being unconstrained, resulting in deviation between the data and model. Di-
viding these uncertainties by a factor of 10.0 in the 7.656 pm - 7.678 pm range resulted
in smaller residuals in this region that were comparable in magnitude to the surrounding
(well-fitted) wavelengths (b). The CHy4 Q-branch contains contribution from the high-
est altitudes within this wavelength range, sensing temperatures at the 1 mbar level and
above. Constraining the spectral uncertainties in this Q-branch improved our ability to
probe temperatures in the jovian stratosphere.
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Figure S6: 3D graphic displaying the tropospheric temperatures within the MIRI FOV
for July (a) and August (b). Stage 1 retrieval data is visualised here. Visual context im-
ages from Hubble and Amateur ground-based observations are provided for July and
August respectively. The cold temperature anomaly dominates this FOV at the full range
of altitudes. However, the well-contrasted vortex structure begins to break down at higher

altitudes approaching the tropopause.
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Figure S7: 3D graphic displaying the temperature structure of the stratosphere above

the GRS. Visual context observations provided by Hubble in July (a) and ground-based
observers in August (b) are also displayed. Below 3 mbar, the temperature structure is
dominated by the Jovian QQO (Orton et al., 1991; Leovy et al., 1991). Little east-west
variation is seen at these lower altitudes. At 3 mbar, the two hot-spots residing either side

of the GRS become visible.
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Figure S8: (a) to (g) temperature difference (dT") between the two MIRI epochs (July

- August) for a range of tropospheric altitudes. Note only the central tile is visible here
since the western tile for July and the eastern tile for August are missing. (h) Context
temperature (T') map for the July epoch, centred on the 700 mbar pressure level and at
the same scale as the temperature difference plots. For all plots, the ring of peak wind
velocities is denoted by the blue dashed circle. The 1o temperature uncertainties for each
altitude are denoted by the vertical line in the colour bar, while the contour lines are
spaced by 30 to aid interpretation. No large-scale changes to the structure of the GRS or
the surroundings can be seen in these plots. Although the region north-west of the GRS is
3 £ 1 K cooler at this altitude range, this is most likely to be a retrieval artefact, poten-
tially generated by the degeneracies observed between the 4 parameters retrieved in this
study.
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Figure S9: (a) 2D north-south temperature uncertainty map for the August epoch pass-
ing through the centre of the GRS at 301.0°W. (b) Corresponding derived temperature
uncertainty for the east-west direction, passing through 22.5°S. The positions of the peak
Hubble velocity fields around the edge of the GRS are denoted by vertical dashed lines.
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Figure S10: Analysis of the correlation between NH3 FSH and 800 mbar NH3 Saturation
Vapor Pressure (SVP), derived using SVP = ¢AT7+CT+DT* \Where A = 23.224, B =
-4245.8, C = -2.2775 x 1072 and D = 0.0 (Irwin et al., 2008). The results are displayed
for July (a) and August (c). No discernible differences were found between inside and
outside the GRS. (b) and (d) display the correlation between PH; FSH and integrated
aerosol opacity for July and August respectively. In both epochs, these two parameters
display a strong correlation inside the GRS and little correlation outside. This is consis-
tent with the aerosol opacity shielding the PH3 from the UV light that would normally
photolyse and remove this molecule, allowing it to accumulate above the GRS.
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Figure S11: Estimates of the 2D Jovian gravity field given by Equation 1. Note in the
main text and indeed in all other supplemental figures, planetographic latitude is used.
These were derived for the thermal wind calculations in both the (a) north-south direction
centred on 301.0°W and (b) the east-west direction centred on 22.5°S. Note that the effect

of ¢. on g in the zonal direction far outweighs the minor change in gravitational accelera-
tion with z.
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Figure S12: (a) and (b) Uncertainties in the derived August epoch thermal wind shear
for the north-south and east-west directions respectively. Each plot passes through the
centre of the GRS, located at (301.0°W, 22.5°S). Error propagation was used to deter-
mine these values using the uncertainties in both temperature and temperature gradient.
(c) and (d) Uncertainties for the corresponding thermal wind velocities, derived by error
propagation using the uncertainties of temperature, temperature gradient and prior wind
velocity. An altitude of 1,200 mbar was assumed for the prior Hubble winds. For all plots,
the boundaries of the GRS peak velocity field are denoted by the vertical dashed lines.
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Figure S13: (a) Uncertainty in the derived August epoch north-south buoyancy fre-
quency. (b) Uncertainty in the corresponding east-west buoyancy frequency. All uncer-
tainties were determined by error propagation using the temperature and temperature
gradient uncertainties. The boundaries of the GRS peak wind velocities in the Hubble
prior data are denoted by the vertical red dashed lines. Each plot passes through the cen-
tre of the GRS, located at (301.0°W, 22.5°S).
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