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Zonal drift profile from JUPOS data, 2020
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Figure 1. ZDP from JUPQOS data from the NNTZ to the mid-NEB, compared with the ZWP from
Cassini [Porco et al., 2003; Science 299, 1541].



Jupiter’s belts and zones, 2020: Excerpts from cylindrical maps. All maps by Rob Bullen (JUPOS team).
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Figure 2. Slices from maps throughout 2020 to show changes in major belts and zones, notably the
NTB upheaval, the NEB expansion event, and the EZ coloration. This follows on from a series
presented in our 2019 report no.9. Colours and intensities are uncalibrated and in some maps have
been adjusted to give more consistent overall balance. (Polar darkening was removed after May.)

2020 Sep 15 Images & Map by Andy Casely Juno, PJ29
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Figure 3. Map from Sep.15; images & map by Andy Casely, giving the best overview of the NTBs
outbreak. (Another map from various images on the same date, by Rob Bullen, was posted in our
Juno PJ29 report & is in a forthcoming issue of the Journal of the BAA.)



2020 Oct.20-22 Images by C. Foster, E. Sussenbach, T. Barry & S. Ito; map by Shinji Mizumoto (ALPO-Japan)
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Figure 4. Map from Oct.20-22 (by Shinji Mizumoto).

2020 NOV.6-9  Images by A. Casely, C. Foster & E. Sussenbach ~ Juno / PJ30 Map by Rob Bullen (JUPOS team)
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Figure 5. Map from Nov.6-9 (by Rob Bullen; previously posted in our PJ30 report).

Juno PJ31 support maps by Shinji Mizumoto
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Figure 6. Map from Dec.25-27 (Shinji Mizumoto; previously posted in our PJ31 report).



(A) ZDP for N5 domain (s anaysis of uPos data)
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Figure 7. (A) Zonal drift profile for the N5 domain, including some data from 2019 for the large
AWO, compared with the ZWP from Cassini. (B) Drift of the large N5 AWO in L2 and in latitude.

Figure 8 (R). Closeup view of the large N5 AWO from JunoCam at PJ29 (from our PJ29 report).
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Figure 9(a). Images of the high northern latitudes in Aug.& Sep., showing motions around the large

N5 AWO (indicated by a white arrowhead). Other persistent, tracked white spots are indicated with
colour-coded arrows. [Figure 9(b & c) are on following pages]




2020 Aug.25 -- HST (OPAL)
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ZDP for N4 domain (G.A. analysis of JUPOS data)
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Figure 10. (A) Zonal drift profile for the N4 domain, compared with the ZWP from Cassini.
(B) Drift of an N4 AWO in L2 and in latitude.



Best maps (in L3), 2020 July-Nov. N2 domain
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2020 Sep.15-16  images by A. Casely, N. MacNeill & A. Wesley; Map by Rob Bullen
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2020 Oct.1-3  Images by 4 observers, Map by Rob Bullen (JUPOS team)
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2020 Oct.5-6 Maps(L3) by Shinji Mizumoto @ALPO-Japan
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2020 Oct.15-16  Maps(L3) by Shinji Mizumoto @ALPO-Japan
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2020 NOV.6-9  images by A Casely, C. Foster & E. Sussenbach  Juno/ PJ30 Map by Rob Bullen (JUPOS team)
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Figure 11. Maps covering the N2 domain from July to Nov.
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Jupiter in 2020 Apparition / Cylindrical Maps(L3)
by Shinji Mizumoto @ALPO-Japan

2020/10/31

(L3) Q 1:0°

2020/10/15-16
A.Casely
E.Sussenbach
S.Ito
C.Foster
A.Casely

2020/10/18-19
S.Ito
S.0ta
C.Foster
E.Sussenbach
E.Sussenbach

2020/10/20-22
C.Foster
E.Sussenbach
T.Barry
C.Foster

2020/10/23-24
M.Kardasis (IR)
S.Ito (IR)
M.Kardasis
D.Kim
M.Kardasis (IR)

2020/10/25-26
0O.Okamura
C.Foster
N.Minagawa
C.Baez
E.Sussenbach

2020/10/27-28
C.Foster
S.Ito
C.Foster
S.Ito
S.0ta

2020/10/29-30
S.0ta
C.Foster
S.Ito
D.Pistritto

Oct.31 (RB)
T.Barry

or

ZDP for N2 domain ©a. analysis of JUPOS data)

DLZ [*/mth)
0 10

40 30 20 10 20 30 40
2
a
.

.,

1 e
# *ea G,
%0
£

=

£
£y
-0 30 -20 10 0 10 0 30 %0

DL2 {"imth)

Other AWOs

= Otherw.ss.

Dark ss.
PAF. ends
Retrod.s

Figure 12. Excerpts from maps of the N hemisphere in October showing the merger of NN-WS-6 &
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Figure 13 (R). ZDP for the N2 domain. (Note that the speed axis is reversed relative to Fig.14.)



Zonal drift profile from JUPOS data, 2020
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Figure 14. ZDP from JUPOS data from the NNTZ to the mid-NEB, annotated. The pale blue curve is
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diverge from the Cassini ZWP. (Annotated version of Fig.1.)
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Best maps (in L3), 2020 July-Nov. N. Temperate & Tropical domains Compilation by John Rogers (BAA)
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2020 July 19-20  images by M. Hood, T. Olivetti, C. Go & C. Foster; Map by Rob Bullen (JUPOS team)
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2020 July 24-26  images by T Barry, C. Go & A. Casely; Map by Rob Bullen (JUPOS team)
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2020 NOV.22-25  images by C. Foster & T. Barry: Map by Rob Bullen (JUPOS team) Bov 25 16:32.0 C Foster
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Figure 15. Maps covering the N. Temperate & Tropical domains from July to Nov.
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The following figures show large collections of images and maps from Aug. to Oct., covering both the
NTBs outbreak in all its aspects, and the effects in the NEBn, and the methane-dark patch (MDP).

2020 Aug.29
inc. NEB sector with White Spot Z
(WSZ) & Methane-dark patch (MDP)

[Compare HST on Aug.25]

Figure 16. Images from Aug.25-29, in RGB & CH4, including the NEB sector with WSZ and the
MDP. Compare the HST map on Aug.25 (Fig.15). Plus a CH4 image from Sep.10 showing NTBO-1
passing the NEB methane-dark patch (MDP).

September 15th 2020, 09:34 UTC
2020-09-15: 09:214 UT CMI283.6, CMII 155.1, CMIII 248.5, 202009 15 UT 09.59 UT 9 Min
Trevor Barry : NSW Australia Warren NSW Australia

September 15th 2020, 09:45 UTC CH4 889 /20nm
CMI290.3, CMII 161.7 CMIIT 255.1,
Trevor Barry Broken i NSW Australia

Figure 17. RGB & CH4 images from Sep.15&20, showing the NTBs jet outbreak, and the MDP in
the NEB. Top row: RGB images on Sep.15, by three observers, showing NTBO-1; its wake spans the
disk. Middle row: matching CH4 images. Bottom row:[on next page]
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2020-09-20: 09:37.2 UT September 20th 2020, 09:28 UTC
CMI: 354.6° II: 187.9° III: 282.6 CMI 349, CMIT 182.4 CMIII 277.1,
Andy Casely, Sydney Trevor Barry : NSW Australia

NN-LRS-1 (MB) [MB = methane-bright]
NTZ AWO (not MB)

MB white streak Nf. from
f. end of NTBO wake

V. bright & MB cloud on equator

STB dark spots DS6 & DS7

202009 23 UT 09.15UT
Ralph Smith Warren NSW Australia Sep.23, 19:04.9 UT  Clyde Foster
CM1954 CM22659 CM314 194 1261 ;i 357 Centurion, South Africa

S

e ———

A }

BA

Sep.23, 19241UT (e poster

1106 1273 Mo CH4  Centurion, South Africa
2020 09 23 UT 09.40 UT CH4 12 Min
Ralph Smith NSW Australia [gamma-brightened]
CM1 110.6 CM2281.0 CM3 16.5

Figure 18. Images on Sep.23, in RGB & CH4; the RGB images are one rotation apart and can be
blinked to show the winds. Notable features are indicated, esp. those that are methane-bright (MB).
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2020 Sep 15 Images & Map by Andy Casely

NN-LRS-1

NN- WS-6 ws-7 Jun; PJ29

NTBO-2 NTBO-3 WSZ NEB dark patch (MDP, NTBO-1

UV T T T T T T T T T T T
80° 60° 40° 20° o° L3 s40° 320° 300° 280° 260° 240° 220° 200° 180° 160° 100 (STB)
T
3

T T T T T T T
360° 320° 300° 280° 260° L2 240° 220° 200° 180° 160° 140° 120° 100° 80° 60° 400 SSTB

Figure 19. Map from Sep.15 (copied from Fig.3), showing the key features of the NTBs outbreak.
The three plumes are labelled NTBO-1,2,3. Each has a ‘wake’ or ‘tail” of length proportional to its
age. The wake of NTBO-2 has three dark spots; that of NTBO-1 has more but on this date they are in
the irregular phase of their cycle (see text). Note that NTropZs white clouds are invading the NEBn
in a wave-like pattern around the anticyclonic features such as WSZ and the MDP.

Figure 20. Hi-res images showing details of the NTBs outbreak (Sep.18-30).

Left & middle columns: Pairs of images showing rapid motions; the top two pairs also show the MDP
in the NEB (compare Fig.17 for CH4 images & Fig.24 for a map). The bottom two pairs show the
demise of NTBO-3. Right column: Images showing NTBO-1, & the GRS & oval BA.
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15 Sep 2020, 14n18m13s (2min).
CM1:06.9, CM2:326.8, CM3:56.3
1. Miyazaki, Japan

15 Sep 2020, 13n08mS2s, 15 Sep 2020, 14h20m27s,
CMI:SAS, ChL:Z8S 8, CU:104 CM1:98.3, CM2:328.2, CM3:61.7
L Miyazaki, Jap: 1. Miyazaki, Japan

Figure 21. Images on Sep.14, showing NTBO-2, with the very dark spot developing at the f. end of
its wake, which is wrapped in methane-bright streaks that dominate it when seen near the limb. (The
maps in Fig.22 show the dark spot in the context of the growing NTBO-2 wake, and higher-
resolution images are in Fig.18.)

2020 NTBs jetstream outbreak (L1) by Shinji Mizumoto @ALPO-Japan

1. Miyazaki 14:18 |. Miyazaki 1304

A Wesley 10 43 R Smith 08: 14

2020/09/16

S. Ota 11:36

2020/09/18

2020/09/19

2020/09/20

2020/09/21

2020/09/22

2020/09/23

2020/09/24

Figure 22. Maps of NTBO-2 and its wake (by Shinji Mizumoto), Sep.15-24, plotted in L1. (Also see
Figs. 18 & 21.) They show the wake expanding from 3 to 4 dark spots (dark blue lines), aligned with
wave structure on the NEBn; the westernmost dark spot is an anticyclonic ring; bright spots and
streaks extend Nf. from it (dark green lines).
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Excerpts of Shinji's maps, roughly aligned on NEB features,

showing the disruption of WSZ, & the methane-dark patch

(which starts to retrograde); & showing NTBO plumes passing, l Spots in tail 2020/09/15
A

NTBO-1 wake eliciting waves in NEBn, NTBO-3 plume dying of NTBO-1

Long. scales are L1 but maps are aligned approx. in L3 A.Casely 08:21

2020/09/08
K.Suzuki 09:36
C.Go 10:59

2020/09/10
R.Smith 08:31

2020/09/10 (CH4)
I.Miyazaki 10:58
I.Miyazaki 11:57

2020/09/11
C.Foster 16:48
A.Casely 07:51

2020/09/11 (CH4)

S.Ota 10:37,
11:37

2020/09/15 (CH4)
R.Smith 08:55
A.Casely 10:02

2020/09/16

C.Foster 16:04

2020/09/16 (CH4)
C.Foster 16:25

2020/09/17
S.Ota 10:44.0

2020/09/18

Shosterdvi0e C.Foster 16:09.4 *°°
C.Foster 17:56.0

2020/09/12 +40° - K 2020/09/19
S.Ito 10:29.8
T.Olivetti 12:16

2020/09/12 (CH4) 2020/09/20
I.Miyazaki 13:12

2020/09/13 i - 2020/09/22
A.Wesley 08:06 [ -

2020/09/13 (CH4) - 2020/09/23
A.Wesley 08:52 \

Figure 23. Maps by Mizumoto (with scales at the top in L1) have been realigned on the NEBn
features. They show the main series of NEBn circulations including WSZ and the MDP, and NTBO-
1 passing them; waves in NEBn induced by the passage of the wake of NTBO-1; and the MDP,
including its dissociation from the tropospheric features when it began retrograding. Also shows the
demise of NTBO-3.

Figure 24. Images from Sep.20-29, including CH4 images, including the demise of NTBO-2, and the
MDP. Top left: Pair of maps from A. Casely on Sep.20, allowing precise registration of visible &
CH4 maps. Bottom left: Drift of the MDP in L2.
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2020 NTBs jetstream outbreak (L1)
by Shinji Mizumoto @ALPO-Japan
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Figure 25. Maps (Oct.2-14, by Shinji
Mizumoto) showing the demise of
the NTBO-1 plume (small red arrow
at left) as it catches up with the wake
of NTBO-3. Two dark spots in the
wake of NTBO-2 are anticyclonic,
methane-bright rings (red arrow-
heads). Note a small methane-bright
white spot (white arrowhead) f. the
NTBO-2 wake on Oct.2&3, ~17° p.
the NTBO-1 plume, and the same or
another on Oct.7&9 as the plume
starts to weaken. Original images
are in Fig.26 & the map series is
continued in Fig.12.



Figure 26. Images in RGB & CH4 (Oct.1-14), showing the MDP & WSZ & demise of NTBO plume
1, which started fading as it passed WSZ & the MDP. (Also see Mizumoto’s maps from these &
subsequent images: Fig.25 & Fig.12.). Also note methane-bright anticyclonic rings in NTropZ as
described above. The MDP is due S of NN-WS-6&7, but gradually retrograding relative to them.
The last 2 images, Oct.22 & 29 (by Foster), are spectacular, showing vigorous activity: NN-WS-6&7
merging; bright new rifts in the NEB, another bright intrusion from NTropZs into NEBn, perturbing
the remnant of WSZ; & origin of a prograding red blob in NTropZ from an eddy in the
NTropZ/NEBN waves.
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Figure 27. Chart of longitudes vs time for the spots in the NTBs jet outbreak, by Shinji Mizumoto.
(The equivalent JUPOS chart is in Supplement B.)

Speed of NTBs jet (1995-2020)

(Chart by John Rogers, BAA)
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Figure 28. History of the NTBs jet from 1995 to 2020: chart showing its recorded speeds.
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Figure 29. Some v-hi-res images from Oct.21 to Nov.9, when everything from the NTB to the EB
was reddish, giving the appearance of a ‘great northern disturbance’. The images of Nov.7 & 9 cover
the PJ30 track, including the red blob in NTropZ that was imaged by JunoCam.

(A) Sector f. GRS: (B) Sector p. GRS:
NNTBs jet spots impinging on NTBn waves F. end of NTB rifted sector

P

22 November 2020, 22.22 UT
CM1=3169"CMIl = 255°CM

el el Figure 30. Hi-res images in Nov. Features include:
(A) A wavetrain on NTBn, wavelength 8-10°; two
sl Prominent peaks are marked with green spots of different
peerm R shades. A train of 5 very dark spots in the NNTBs jet is
approaching (the 1% & 5 are numbered in red). (They are
shown in the JUPOS chart: DL2 = -80, decelerating
around Nov.17 as they come alongside the NTBn waves).
The first spot appears to interact with the prominent NTBn
Faweey  Projection, but continues past it with no evidence for
Rl recirculation. The NTropZ is streaky and slightly reddish,
with red blobs prograding in it [Nov.4,8,13]. AWOs are
reappearing in the NEBn.

(B) The small bright NTZ AWO, at the f. end of the rifted
sector of NTB (which is rapidly variable). A very dark
streak of NTB(N) developing f. it. No N2 jet spots reach
the AWO, but a pair of tiny dark spots in NNTBs & NTZ

prograde up to it at DL2 ~ -1 deg/day (Nov.3 & 6).
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17:43,0 UT [hhzmm, t] R&B 17:22,0 UT [hhzmm, t]
System: 1MW CM: 2843° 537° 161,8° 17:33,0 UT [hhemm, 1]
CM: 257,0° 664° 1745 Schott 1000nm IR pass fitter CM.: 251,0° 60,4° 168,5°

Custom Scientific CH4 (889nm - 18nm FWHM)
Antonio Cidadao (4. Cidaddo)
Carcavelos - Portugal
14" (355.6mm) LX200 SCT

-‘ 2020 Nov.9
way

17:58,0 UT [hh:mm, t] 17:40,0 UT [hh:mm, 1]
CM: 2663° 755° 1836° CM: 2553° 64,6° 172,7°
Baader U-Venus Filter Astronomik type 2c) BLUE filter

Figure 31. Multispectral image sets: (A) Manos Kardasis (Oct.24); (B) Trevor Barry (Nov.6);
(C) Antonio Cidaddo (Nov.9).

Figure 32. Set of RGB & CH4 images all around the planet in Dec., with arrows indicating NEBn
AWOs (red) & barges (black).
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