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Jupiter near opposition, 2022 Sep: Three v-hi-res images taken by Damian Peach using a C14 in Barbados

Figure 2. Images by Damian Peach in 2022 Sep., illustratiegoest resolution that amateur
observes can now achieve in this domain.



50
Us
(m/s) J

40 ]

20 |

-10 A

-20 +

-180 -100 +50

50
DL2 (deg/30d)

Figure 3. Relationship between DL2 s, for 40.0N (planetographic)

2019 April 5-9 Images by A. Wesley, C. Foster, A. Soares & D. Jones; Map by M. Vedovato (JUPOS team)
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Figure 4. JUPOS mapf part of thesouthern hemisphemith examples of typical S2
domainfeatures labéd. 2016 April 59. Latitudes are planetographic.

JunoCam at PJ17 (2018 Dec.21)

Figure 5. JunoCam map at PJ17, showing part ofsimethern hemisphemgith examples of
typical S2 domairieatures labelledas well a the prograde jet$he S2 domain lies between
the S2 and S3 jefsed arrows).Latitudes are planetocentric.



Figure 6. A selection of our
groundbased mapsovering
the S1 and S2 domaiiisone of
the best from each apparition,
taken from our previously
posted reports.

Maps of S2 & S1 domains in each apparition, 2012-2023

All made using WinJUPOS. N

2012-2014: Lambert equal-area projection, stretched x1.30 vertically: L2.

2015 ff: Equirectangular projection; L3. F. (West) <—i—> P. (East)
s

2012 Oct.10-13  Images & Map: D. Peach, D. Tyler, J. Phillips (SC, USA)

Fe S
Images & Map: D. Peach (Cyprus)
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2015 March 5-6  images by C. Go, T. Oiivetti & B. Macdonald; Map by M. Vedovalo
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2016 June 12-16 Images by Damian Peach  Map by Marco Vedovato
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2017 April 9-10  images by C. Go, C. Foster, D. Kolovos & A. Coffelt ~ Map by M. Vedovato
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2018 May 23-24  images by C. Go, J. Hsien & K Suzuki Map by Marco Vedovato
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2019 June 11-15  images oy C. Go. M. Justice, A Wesley & D. Carish, Map by M. Vecovato & R Buten

2020 July 19-20  images by M. Hood, T Oliett, C. Go & C. Foster. Map by Rob Buten (JUPOS team)
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2021 Sep.1-3 (covering P36)  images by Andy Casely, Clyde Foster & Mie Wong. Map by Andy Casely
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Sections 2 & 3

SSTBn jet spots & recirculation at the STB Ghost in 2016 [from our report on Juno PJ1]
(Right): JunoCam PJ1 images

(Left:) Amateur images in 2016 April
STB Ghost with incoming spots on SSTBnjet <15 G

Figure 7. SSTBn jet spots in 2016, from groubda

Context for JunoCan res images of S. Hemisphere

White
oblong

sed i mages (2016

flyby (2016 August). These images are near the STB Ghost, where SSTBn jet spots were
moving from prograde on the SSTBn to retrograde in the STZ via an anticycloni

6recirculation | oopb6 |

ust f

mainly test images, the quality was not as good as subsequently.)

Zonal drift profile, 2014/15

JUPOS data analysed by Gianluigi Adamoli

(A) Spot tracing by JUPOS
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Figure 8 (left). Zonal drift profiles ZDP9 from JUPOS datan 2014/15 and 2015/16,
covering the S.Tempeta Zone (STZ) up to the S2 jéData for the rest of the S2 domain was
not analysed in detail, apart from the AWOSs, whose latitudes may be artificially constrained in the
JUPOS data; but séegure 12)

Figure 9 (right). Speed of the52 jet.(A) Spot tracking in amateur images, since the first
detections in 1989 (including data from Ref.1). (B) Peak of ZWP from spacecratft, since
Voyager in 1979.(See further comments on the figure.)
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Figure 10. Speed of the S3 jet.
(A) Spot trackng in amateur
images, since the first
detections in 2002 (including
data from Ref.1).

(B) Peak of ZWP from
spacecraft, since Voyager in
1979. (See further comments
onFigure9.)

DL2 (deg/month)

Figure 11. JUPOS maps of the
S1 to S3 domains in 2017
showing prgrading spots on the
S2 jet (blue arrows, dark spots)

and the S3 jet (red arrows, white

spots, presumably cyclonic).

(By the time of -
11, the S3 spot chain had passed
on p. the GRS. The chain can be
seen in JunoCam maps from
outbound inages, but no closeups *
of it were obtained.)
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The black arrowhead marks a neat..
stationary spot in southern STZ.
These maps also show the sector

from Aba to the large FFR p. A5, =

but the FFR appeared to be rather”
quiet during April, so no vortices "
were trackd f. it.
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S1 to S3 domains Maps by M. Vedovato (JUPOS team);
Annotations by John Rogers (BAA)

2017 April 9-10 Images by C. Go, C. Foster, D. Kolovos & A. Coffelt
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Section 4

S2 domain: Zonal drift profile, 2022/23
(JUPOS data analysed by Gianluigi Adamoli)
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Figure 12. Zonal drift profile (ZDP) from JUPOS data for 2022/23. Adapted firarport
2022/23 no.8 with new Appendifg.v. for details).

There is little difference between dark and bright spots, ordemtwongitude sectorslhere may be a slight
difference between large and small spots, but this could be an artefact. The JUPOS measurers sometimes use
the AWOs in this domain as a latitude standard, checking that they are measured close to 40&§i$ tfediho
latitudes do vary. The AWOs on this ch@dd pointsshow variations which parallel the ZWP, and suggest
that the AWOs are at slightly lower latitude than smaller spots with the same drift ratesistent with what
we have found for the S& N2 domains, due to large ovals deflecting the retrograde jet in the middle of the
domain Ref.9b Fig.11, & Ref.23 However this could be an artefact of the adopted standard. The points for
the other large feature, the cyclonic white oblong, alssligghtly off the mean ZDP, by ~0.2°.

Most of he smaller spots asdow-movingdark spotgsee sectiofd). Manywere in the A1A2 sector,
where there was a long pale fawn sector, though it did not clearly have a closed circulation. They wene eithe
its S edge (anticyclonic) an itsinterior (cyclonic) Both groups of spots haghproximately the same drift
rates(DL2 between10 and-27). Those on the S edge corresponded to dark sikedulges; as at PJ26, these
waves probably marked the ¢kaof the retrograde jet (see JunoCam imagésgure16), and may have
constrained spots on both N and S sides



ZWPs for S2 domain from HST images (Tollefson et al., 2017)
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Figure 13. Zonal wind profiles (ZWPsfrom Hubbleimages, fronRef.83 also seéxef.8h
The data were kindly provided by thiaelWong. These ZWPs are also available on the
WFCJ web sitehttps://archive.stsci.edu/hlsp/wfcAlso see acknowledgement unékesf.”.

Zonal wind profiles from amateur images (left) & Hubble images (right)

(A) 2012 Sep-Dec. (B) 2014 Feb. (C) 2014 April
(amateur images: G. Hahn) (amateur images: G. Hahn) (HST images: G. Hahn)
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Figure 14. ZWPsmade by JUPOS team members.

(A) 2012 SepDec., by G. Hahn, several pairs of amateur images by W. JaekcBkarp, D. Peach,

D. Tyler, G. Walker, C.Go (with background curve from New Horizons). Fegrart 2012/13 no.9
(Appendix 5)

(B) 2014 Feb., by G. Hahn, several pairs of amateur images by C. Go, D. Peach, B. Macdonald. From
Ref.17 = eport2013/14 no.10

(C) 2014 April 21, by G. Hahn, HST imagé$=(.24. FromRef.17 [Continueson next page



Figure 14 (continued):

(D) 2019 April, by M. Vedovato, two pairs of amateur images by C. Foster, T. Tran@®o, &T.
Olivetti. Fromreport 2019 no.4

(E) 2019 June 2@7, by M. Vedovato, HST images. Froaport 2019 no.Qoverlaid with a single
ZWP close to the average ofse data (data provided by Marco Vedovato).

(F) 2023 Now 2024 Jan., by G. Hahn, several pairs of amateur images by C. Go & EnSards.
Fromreport 2023/24 no.3 (Appendiy.2

Figure 15 Map of the S1 & S2 domains from JunoCam images at IZ® April 10) with

arrows marking the currents visible by blinking maps of separate images. Fréaureport

(Figure 12) which alsdncludedtheanimagedblinks on which this is based. The underlying map was
made byBjorn Jonsson(Annotations includsome features not mentioned in the present r¢port.
Note the long pale fawn oblong betweenAg, with a rapid retrograde current apits wavy south
edge (see section 4.1); also a very bright white spot at left (see section 6.3).

PJ41 image

Figure 16. JunoCam images at PJ7 and PJ41/PJ43, showingamghtude waves along the
S edge of light brown sectors of the SSTB, apparently reptieg waves in the retrograde
SSTBs jet as at PJ2BiQure 15. (Asterisks mark northward crests). JunoCam images
processed by Gerakichstadt



S$2 domain, 2015-2023: Diagrammatic summary from JUPOS & JunoCam data L’ = (L2 — 1.0 deg/day)

Fatros

Cyclonic oblongs: . Dark; White; Pale fawn; FFR (weak or unobserved)
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Figure 17. Chart showing diagrammatically the tracks of the AWOs and the presence of
different types of gclonic structure between them, from 2eA@23.1t is derived from the
JUPOS chartAppendix A) at 1/4 vertical scale, with approximate tracks of FFRs represented by

texturing. [Adapted froniRef.18(EPSC Abstract), with some corrections and additions.]



History of SSTC speeds
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Figure 18. History of SSTC speeds. Fraref.2(1887%1991),Ref.1(1991-2013), and this
work (20122023).

Section 5

JunoCam PJ6 image126

Figure 19. JunoCam view from over the south polar region towards the S2 domain with five
AWOs vVvisiSbréengtoé ®Rearl so. Excerpt from PJG6

Figure 20. Two JunoCam closeups
of S2AWOs.




JunoCam map, PJ24 (2018 May 24) Credit: NASA/ SwRI / MSSS / Gerald Eichstédt / John Rogers

May 26, 2018 12:43.1 UT
© Christopher Go (Cebu, Philippines)
CM1191.8°CM Il 14.4° CM Ill 243 6°

2018 May 26, 21:39 UT May 28,2018 13:16UT
Antonio Lasala (Spain) © Christopher Go (Cebu, Philippines)
Cl 7 4 1:168 11: 335 1Il: 205 (17 min)

CN =335.2 Cl

Figure 21. Merger of AWOs A6 & A7, 2018 May 228 (PJ13 map, May 24; Chris Go & A.
Lasala, May 26 & 28).



JUPOS chart of white spots at lats.-42/-390, 2015-2017 (mostly AWOs)
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Figure 22. Excerpt from the flilJUPOS chart (ilAppendix A) in 20162017, highlighting
the small slowmoving white spots (green arrows) which appear to have merged into oval

Ab5a (mergers circled). Green points are white spots, mostly AWOSs; for key to some other
features, see the futhart inAppendix A.



Figures2329 show SSTBn jet spots at the Oreci

and the SSTB sector betwasral A5a & the large FFR, with small vortices within it.

Maps of a sector of S2 domain, 2016 Jan.-March
Maps with north up, aligned in L3. All maps by Marco Vedovato (JUPOS team) unless otherwise stated.
S2-AWOs labelled in cyan: long-lived A3 to A8; new A5a (labelled A*); & very small ones (arrows)
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Figure 23. Maps of part of the S2 domain, 201&J&larch, showingnini-AWOs in the

sector p. Aba (labelled A*), f. the large FFRIso shows a dark sp(8TB DS§ evolving

into the STB Spectre, alongside the FFR with SSTBn jet spots recirculatingfedaand

becoming neastationary in the ST4From report2016/17 no.§

rcu



Interactions of spots on SSTBn (with STB Spectre)
& in SSTB (with new oval A5a), 2016 June

Diagram showing jets and circulations, STB-DS5 ('STB Spectre’)

on a background image from 2016 Jan.

including partial anticyclonic circulation
between the FFR and DS5

? Dark spot in STZ retrograding Sf. the STB Spectre, having recirculated from SSTBn on June 3.

Merging S2-AWOs. The new small AWO encounters an even newer and smaller one.
They likely merged on or after June 20.

[Compilation by D. Peach, C. Go & J. Rogers] STB Spectre

June 3,2016 S:6-7/10 T:2-3/5
© Christopher Go (Cebu, Philippines)

11:56UT 1. 336 11:268 11l 305 (11 min)

2016 June 10, 22:46.4 UT
Damian Peach (Barbados)

2016 June 12, 23:23 UT
Damian Peach (Barbados)

2016 June 15, 22:44.8 UT
Damian Peach (Barbados)

2016 June17, 23:05.4 UT
Damian Peach (Barbados)

June 20,2016 S:9/10 T:2/5
© Christopher Go (Cebu, Philippines)

11:11UT 12 110 112273 111: 314 (15 min)

Figure 24. Amateur images2016 June, showing the sector from A5a to the large FFR, with
mini-AWOs between them. Red arrows indicate A5a (left arrow) about to merge with a
smaller miiAWO (right arrow). Also shows the recirctitan loop atthe STBSpectre pink
arrow marksa dark spot retrograding f. the Spectre after recirculdtkdppted fronreport
2015/16 no.13



Merger of two mini-AWOs in the S2 domain, 2017 March  North up  [Compilation by John Rogers, BAA]

AWO-a swings round the N edge of AWO-b on March 5-7, leaving a just-visible spiral trail on March 7,

then remnants of it (and/or induced cyclonic spots) spread f.(W) on March 8-10. (AWO-b = A5a.) Atnght. Enlargements,
some of them specially
North of the merging AWOs,note 2 dark spots on SSTBn; processed by the observer

the smaller catches up and interacts with the larger one.
Also, a wave-train on SPRn (~52°S)
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Figure 25. Amateur images2017 March, showing erger ofA5a with anothemini-AWO

in 2017 March (the bestocumente@xample) Figure fromReport 2016/17 no]8There is
also a very dark spot on SSTBn keeping pace with A5a, interacting with smaller, faster
moving SSTBn jet spotsThere is o recirculation loop in this sector.)



JunoCam maps of SSTB showing large, long-lived FFR
& mini-AWOs that sometimes merge with AWO-A5a

30

PJ1 |
2016 Aug.27

PJ3§
2016 Dec.11}|

PJ4
2017 Feb.2

PJ5
2017 Mar.27

PJ6
2017 May 19
-2

B8 |
2017 Sep.1 [

Figure 26. JunoCam maps of ¢éhsector from Aba through therge FFR, 2016 Audy 2017
Sep.



JunoCam, PJ8: The STB Ghost
& SSTB sector p. oval A5a

John Rogers
Gerald Eichstadt /
ets & circulations are marked

Ghost SSTBn jet spots are indicated by green arrows. There are also several near the limb,
caught n t he oO6recirculation | oop6 just f. the S
the large FFR, with many vortices in that sector.

PJ-11: S. & S.S. Temperate domains (image 25 Credit: NASA/ SWRI / MSSS / Gerald Eichstadt / John Rogers
(2018 Feb.7)

Anticyclonic Cyclonic
eddy in SSTB eddy in STB

— ("

T SSTB-FFR

Outbreak in S3-FFR

Figure 28. (PJ11 image 2532018 Feb.7).The large FFR now extends closer to A5a but an
eddy is still visible betweemém. There are no obvious S2 jet disturbances in this sector p.
BA.



PJ24: Cylindrical map by Kevin Gill (credit: NASA7 JPL/ SwRI/ MSSS / Kevin Gill / John Rogers)

Figure 29. (PJ24, 2019 Dec.26: cylindrical map by Kevin Gil§hows oval BA with ovals
A7/A5a merging. The large FFR now extends up to A5a. There are no obvious S2 jet
disturbance this sector p. BA.

PJ38 image 44 FFRs in southern domains Credit: NASA / JPL / SWRI / MSSS / Gerald Eichstadt / John Rogers

R e

T', o

STB spot 8

SSTB-FFR

Figure 30. (PJ38mage 2021 Nov.29). A chain of four anticyclonic vortices f. a FFR,
apparently leading towards the new (sHoiit v e d )  Abay@nddha @réninatar)[PJ38
report Fig.S1.




Section 6

Transformations in the A7-A8 sector of SSTB
(JunoCam maps)

Longitude marks at 10° intervals

PJ21
(2019 July 19)

PJ23
(2019 Nov.3)

| PJ24
| (2019 Dec.26)

PJ26
(2020 April 10)

| PJ27
1 (2020 June 2)

1 PJ28
(2020 July 25)

Figure 31. Excerpt from the series of JunoCam maps, showing one sector which
successively transformed between the four cyclonic types.



PJ35 (2021 July 21) |-20

350 340 330 320 310 300
Longitude (System Il)

Credit: NASA/JP WRIIMSS sson

Figure 32. PJ35 (2021 July 2Xylindrical map byBjorn Jonsson Map of a sector of the
S1 & S2 domains, showing@mples of cyclonic structuresidluding the small dark spot
adjacent to BA

PJ20 image 45

Figure 33. JunoCam image of a CWODb (PJ20).



New cyclonic white oblong is
methane-bright, 2013 Dec.
('Mickey Mouse Spots’)

——

Figure 34. Thed Mi c k ey Mo absight newpGWddack blue arrowhead)etween
A3 & A4. [New figure]

SSTB: Formation of a white (and methane-bright) oblong, 2018 March-May
CH4

March 19
(C. Go)

April 5
(A. Wesley)

March 24
(A. Wesley)

April 3
(C. Go) ,’ April 30
by R (A. Casely)

April 12
(T. Olivetti)

- _ - May 7/8
May 5 - - (C. Pellier)

(D. Peach)

Figure 35. [Fromreport 201810.6 Fig.12. New CWO in 2018, brilliant white and methane
bright (bracketed)
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2023 Aug.20, 09:17 UT
Gary Walker (GA, USA)
CM1=111 CM2= 107 CM3= 124

2023 Aug.20, 08:57 UT
Gary Walker (GA, USA)

2023 Aug.27, 09:19 UT
Brian Combs (GA, USA)

A2

2023 Aug.26, 03:33 UT
Nick Haigh (UK)

2023 Aug.30, 07:58 UT
Mike Karakas (Canada)

CMI:203.2 CMIL: 122.4 CMIIL: 142.8

2023 Aug.30, 17:46 UT
Isao Miyazaki (Japan)

CM1:201.1, CM2:117.2, CM3:137.7

CM3=100

Figure 36. CWOb (bracketedpetween A4 A5 in 2023; bright white but methamerk as
usual (esp. towards the limb) (like the STB Spe¢trg,re42). [New figue]

[ 45
Expansion of cyclonic white oblongs
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Figure37. Chart showing the expansion rates of thre

Figure 38. JunoCam image of a dark brown oblong (PJ6).



