Final version, 2020 June 4. This is Part | (Sections 1-5). Part Il will follow later.

The Great Red Spot in 2019 and its interaction with retrograding
vortices as monitored by the amateur planetary imaging
community
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the JUPOS team (Gianluigi Adamoli, Rob Bullen, Michel Jacquesson, M.V., & Hans-Jorg Mettig) &
other leading observers (Anthony Wesley, Christopher Go, Niall MacNeill, Phil Miles, Tiziano Olivetti,
& others).

Figures (small copies):

Figure 1 [below]. Some early images of flakes, illustrating how they appeared attached to the f. side
of the GRS. (Left) Maps from JunoCam (images by the JunoCam team, maps made by Gerald
Eichstddt & John Rogers). (Methane-band images of the GRS were taken at PJ19 and subsequent
perijoves, but not at PJ17 or PJ18.) (Right) Images from amateurs. Orange arrows: red flakes. Dark
blue arrows: incoming SEBs rings.

Red flakes torn off GRS, after arrival of retrograding vortices on SEBs jet
JunoCam PJ17 map (2018 Dec.gn

2019 Jan.30: Clyde Foster (S. Africa)




Maps of the S. Tropical & Temperate domains, 2019 (by the JUPOS team)
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2019 Feb.24-27  images by Chvis Go & Trevor Barry. Map by Michel Jacquesson (JUPOS team) [eded by John Rogers)
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2019 April 19-21  images by T. Oivett, N. MacNedl, L. Pereira & C. Foster: Map by M. Vedovato (JUPOS team)
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2019 June 14-16  images by J-L Dauvergne, A Wesley. C. Go & M. Justice: Map by Rob Bullen (JUPOS team)
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2019 July 19-20  images by P. Enache, ... Dauvergne, C. Foster & Z Pujic; Map by M. Vedovato
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2019 Aug.8-9 Images by F. Carvaio, C. Foster. T. Kumamori & K. Suzuii; Map by R_Bullen
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2019 Oct.19-22 images by A. Wesley & C. Foster; Map by Rob Bullen
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Figure 2



Below: Figure 3. A hi-res JunoCam image of SEBs structures: waves (all along the SEBs), rings (red

arrows), and one of the rings that recirculated into the STropZ. From the PJ23 flyby on 2019 Nov.3.
Credit: NASA /JPL / SwRI / MSSS.
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Below: Figure 5:

Diagram of the likely currents in the GRS region

Base image: 2019 May 22, 14:55 UT, by D.P. Milika & P. Nicholas (Australia)

Jets:
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Typical timecourse of flake generation

t=+3-6 d: Flake t=0: SEBsring
appears towards W end enters GRS Hollow

Sometimes, t = +8-10 d:
Flake appears at E end

& Possible disruption continuing around GRS with P ~ 9-10 days.

Left: Figure 6



Below: Figure 7. Images showing the origin of flake no.1.

Around the GRS, 2019 Jan.25--Feb.2

7 Methane images:

* Ring on SEBs
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Below: Figure 8:

Cylindrical map of SEB & GRS from PJ18 images  credi NAsA/SwRi/ MSSS / Kevin M. Gill/ Christopher Go
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Below: Figure 9:
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Below: Figure 10:

GRS region, around 2019 April 1, showing red material spreading around GRS (=—)
& two small AWOs merging in STZ (=—) (Compilation by John Rogers, BAA)
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GRS, 2020 April 16-22: Emergence of a pair of flakes and the Hook

Compilation by John Rogers (BAA)
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April 18, 07:51 UT

David Carlish (FL, USA)

April 1 34 UT
Phil Miles (A

Note the conspicuous wave-like pattern on SEB(S)
f. the GRS in methane images on April 1
not so regular on dates before or after.
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Figure 11.

Below: Figures 12 & 13:



GRS, 2020 April 22-28: Emergence of the Hook & S.Tropical Band with intermingled flake

Images by Clyde Foster (S .Africa), Niall MacNeill (Australia), Tiziano Olivetti (Thailand), Jose Luis Pereira (Brazil), & Michael Wong (Australia): Compilation by John Rogers (BAA)
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N. MacNeill M. Wong
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C. Foster

April 27, 19:17 UT
T. Olivetti

April 28, 05:04 UT
Jose Luis Pereira

GRS, 2019 April 26--May 9

showing red flakes & fringes resulting from SEBs jet
spot interaction in mid-April (Compilation by John Rogers, BAA)

Blue arrows & brackets: Red material from GRS
Gre rows: White plumes in SEB enlargement
White arrows: P. end STB Ghost (where resolved)

May 5, 06:54 UT
May 5, 06:25 UT Fabio & Gabriela

Aprl 26, 032 A Snros Carvalho

April 26, 03:05 Clyde F

Clyde Foster

May 5, 17:19 UT
April 27, 19:17 . Anthony Wesley
Tiziano Olivetti

May 6, 01:43 UT . May 6, 02:02

Clye e " Clyde Foster
April 28, 15:55 UT Clyde Foster . y

Seb Lukas

May 7, 07:06 UT
i £ Eric & John
April 281 . o1:04UT Sussenbach
00:46 UT .
Clyde Foster

May 7, 17:21
April 30, 07:30 UT May7,17:37uT  § Anthony Wesley
C. Go, M Guerrero, ) Phil Miles
udo J

May 8, 13:32 UT

May 8, 14:05 UT Barry Adcock

Niall MacNeill [& see his
multispectral set]

[
K. Suzuki
(enhanced)

May 3, oxsasur | May9, 08:59 UT

May 3, 0337607 Cyce Fos David Carlish

May 9, 19:39 UT . May 9, 20:05 UT
Phil Miles Phil Miles




Below: Figures 14 & 15. Fig.14 shows the entry of SEBs ring no.9 (May 13) and consequent
appearance of the ‘blade’ or flake no.6a (May 17) with a diagram of the inferred interactions.
Fig.15 shows the expansion of the flake material (black arrows) both W on the SEB(S), and E around
the S side of the GRS to reappear as flake no.6b at the p. end.

GRS, 2019 May 1217 [John Rogers, BAA]

—~— —~—-

2019 May 12, 16:43 UT 2019 May 14, 18:52 UT 2019 May 15, 14:16 UT May 15/16, 23:34 UT May17, 16:20 UT
Anthony Wesley (Australia)  Wang Mocsa (per Facebook)  Phil Miles (Australia) Clyde Foster (S.Africa) Chris Go (Philippines)

. y ; -
- - L 3 ®» e

2019 May 12, 16:43 UT 2019 May 14, 18:18 UT 2019 May 15, 13:55 UT 2019 May 15/16, 23:52 UT 2019 May 17, 16:35 UT
Chris Go (Philippines) Niall MacNeill (Australia) Andy Casely (Australia) Clyde Foster (S. Africa) Chris Go (Philippines)

[&A. Wesley] [& Phil Miles] [& M. Justice & A. Casely & A. Wesley]

Hypothesis for how a retrograding ring (anticyclonic vortex), or a disorganised remnant of it, draws the red material out of the GRS into a ‘blade’.
(The red arrow is relative to the vortex, which of course is retrograding around the GRS, and arrows indicate direction but not speed.)

2019 May 12, 16:43 UT 2019 May 14, 18:52 UT 2019 May 15, 14:16 UT May 15/16, 23:34 UT May 17, 16:20 UT
Anthony Wesley (Australia) ~ Wang Mocsa (per Facebook)  Phil Miles (Australia) Clyde Foster (S.Africa) Chris Go (Philippines)

GRS, 2019 May 18-22: Black arrows: Limits of the red flake material from GRS
Progress of red ‘flake’ material around the GRS Blue arrow: Next incoming SEBs ring (John Rogers, BAA)

May 18, 01:33.4 UT May 18, 21:38.6 UT May 19, 07:15 UT May 19, 18:10 UT May 20, 03:05.4 UT
Clyde Foster (S.Africa) Clyde Foster (S.Africa) Mike Hood (GA, USA) Anthony Wesley (Australia) Clyde Foster (S.Africa)

May 20, 13:27 UT May 20, 23:16 UT May 21, 18:19 UT 2019 May 22, 04:51 UT 2019 May 22, 14:55 UT
Niall MacNeill ( Australia) Clyde Foster (S.Africa) I. Miyazaki, Japan José Luis Pereira (Brazil) D.P. Milika & P. Nicholas (Australia)

(via PACA-Jupiter)

Next page: Figures 16 & 17.

These show some of the best images from May 20-23, as prepared by the observers. On May 22-23,
flake 6b is expanding on the p. side of the GRS, there is also disturbance on the N side, and SEBs ring
no.7 enters the RSH..

Figure 16: May 20, imaged and annotated by Clyde Foster.

Figure 17A: May 22, multispectral set by Andy Casely.

Figure 17B: May 23 (one rotation later), multispectral set by Clyde Foster.

Figure 17C: Cylindrical map projection, May 17-25, by Andy Casely) showing further developments.



Possible new flake

Great Red Spot activity SEBs ring forming

20 May 2019
23:16.1UT

Large SEBs Ring entering

within GRS hollow GRS Hollow (being distorted)

GRS Hollow
Multiple small SEBs rings

Clyde Foster (vortices generated

Centurion South Africa by the SEBs jetstream)

Turbulent outbreaks 4 Direction of South
in the GRS wake - equatorial Belt south (SEBs)
jetstream

Reddish remnants
of the recent large GRS flake T8

Methane (890nm)
wavelength image showing
recent large flake

Figure 16

17th May - @

23rd May X@h==

25th May [

Andy Casely, Sydney

Above left: Figure 17A.
Left:  Figure 17B.
Above: Figure 17C.
(On May 25, as ring no.7
approaches the f. end of
the GRS, flake no.7a
begins to appear there.)

RGB
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01:00UT Centurion South Africa
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Below: Figure 18. Excerpts from S. Mizumoto’s comprehensive series of cylindrical map projections,
here presented with north up. These maps show the development of the two greatest flakes, nos.6
& 7, in RGB (left) and CH4 (right). Blue arrows: incoming SEBs rings. Red arrows: GRS flakes. On May
28-31, these include red arrows marking the p. and f. ends of flake material squeezing round the S
side of the GRS, and a methane-bright blob prograding on the STropB.

Activity of GRS regions by Shinji Mizumoto @ALPO-Japan
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PJ20 (2019 May 29)

Credit: NASA/ SwWRI / MSSS /
Gerald Eichstadt / John Rogers

Left: Figure 19.

Below: Figure 20A.

Disturbances around the GRS, 2019 June 16-23 1, reime

P.end of

Compilation by John Rogers (BAA) Incoming SEBs ring STB Spectre (provisional)

Methane images:

Rift (‘Chimney’)




Great Red Spot around PJ21

Compilation by John Rogers (BAA)

July 20, 08:47 UT
Phil Miles IQid Australia

July 20, 18:21.9UT
Clyde Foster, South Africa

July 21, 04:00 UT
Paul Maxson (AZ, USA)
During PJ21 fly-over

July 22, 10:30 UT

Anthony | , Australia

July 22, 20:42 UT
Joaquin Camarena
(Spain)

Below: Figure 22

GRS & surroundings, 2019 June 20

e “CHIMNEY”

Right: Figure 20B ' =

Grey blob & reddish
flake from p.end GRS
Last ring from SEBs,
recirculated to STropB

Minor w.s. in RSH

Left: Figure 21

Chris Go (Philippines)

STropB
Ring 2/3

o NASA/JPL-Caltech/SwRI/
MSSS/Bjérn Jonsson



Below: Figures 23 (L) & 24 (R)

The GRS and SEB rifting . it, 2019 August 1-8 GRS ‘flakes’, Oct.11-17 e

{ New bright plume in SEB by Shinji Mizumoto @ALPO-Japan
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Credit : NASA / SWRI / MSSS / Gerald Eichstadt / John Rogers

" 2 310 300

Figure 23. Images of the GRS region, August 1-8, Figure 24. The GRS region in cylindrical maps,
in RGB (left) and CH4 (right). They show the first with north up. (A) From amateur images,
appearance of one of the bright plumes in the Oct.11-17; excerpt from the long series of maps
SEB, which rapidly expanded to form a rift. At by S. Mizumoto (ALPO-Japan).

this time there were no SEBs rings nor flakes near (B) From JunoCam at PJ23, Nov.3: RGB & CH4.
the GRS. Streamers derived from flakes are wrapped

completely round the outside of the GRS. Thef.
end of the STB Spectre is passing the GRS; note
that the Spectre is dark in CH4.



Below: Figure 25 (PJ22):

PJ22: Cylindrical map from SEBn to SSTB,
by Bjorn Jonsson

SEB(N)

Below: Figure 26 (PJ23 & PJ24):

JunoCam maps of GRS during solar conjunction
Credit: NASA / SwRI / MSSS / Gerald Eichstadt / John Rogers

PJ23 (2019 Nov.3) PJ24 (2019 Dec.26)

A3
Methane band

Above left: PJ23: Excerpts from the outbound maps, showing the GRS encircled by narrow red
methane-bright streaks, probably remnants of flakes that emerged during the autumn.
Above right: PJ24, Excerpts from the outbound maps, RGB & CH4, not previously published as such.



Below: Figure 27: Drift of GRS (JUPOS charts)
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Next pages: Figures 28-31: Charts of GRS length & width:



Figure 28: Plots of the GRS length in 2019, produced independently by ALPO-Japan and JUPOS
recorders.

Length of GRS, 2019
(A) by Shinji Mizumoto @ALPO-Japan
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Figure 29: GRS length since 2010 or 2011 (again, plotted independently by ALPO-Japan and JUPOS
recorders).

Length of GRS, 2011-2019 (degrees longitude): Plots by three recorders

(A, B) Time marks at start of year. (C) Time marks at end of apparition.
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(A) Graph of the GRS length made with selected images from the JUPOS database:
170 individual images, monthly means, & apparition means. -Michel Jacquesson
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Figure 30: Left: Latitudes of the N and S edges, and the distance between them, from 2011 to 2019.
Right: The same in 2019. (JUPOS data.)

Latitudes of GRS N & S edges (JUPOS data plotted by Michel Jacquesson)
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Figure 31:
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