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Since 1999 we have reported the origimd continued existence of the South Equatorial Disturbance
(SED) (refs.14). In ref.3 we gave a corteie history of it up to 2009In ref.4, the further history up to

2010 was summarised; but as this was not the main focus of that paper, we givecamyiete

accounthere Also, whereas Ref.4 used conventions for orientation of figures which are the opposite of
our usual ones, here we illustrate it with images and charts in our usual convention of south up and east
the left. This summary was compilad011 Oct. and finalised for posting in 2012 August. Further

details have been given in interim reports posted for each apparition on our web site.

The South Equatorial Disturbance (SEB)a largewvavelike feature at ~95, with complex and
variableappearancéef.3& Fig.1). Attimes itis conspicuousr 0 awith a distinét bright

o6ri ftdéd through t heattBesdBimebassepemledaadargadnticyclonmavali n g
in the southern EZ, which is sometimes very bright. At othersttheeSEDis inconspicuousr

0 g ui e butiestiltmarked by a bright strip in southern EZ alongside a persistengbdye

streak near the equator. These two aspects are associated with different dynamics on the SEBn
jet stream (refs.3,4).

Becaus of the variable appearance, a variety of techniques have been needed to track the SED
over the years. We have visually identifieth each year, defining its longitude as that of the
discontinuity in the SEBn, and kept track of it by measuring it ipalty on many image

We have also tracked it using the JUPOS databasthe routine JUPOS charisdoes not

appear as a simpfeaturetrackbecasuse of its complexity, kit track can be seen
unambiguouslyas follows:

(i) when it is conspicuoysizoneof low density of chevrons, with an obvious boundagginst

a highdensity region to the east (p:Jhe chevrons arise near this boundary,-2Q0E of the

SED.

(i) when it is not conspicuous, tieest €.) end of a bluegrey streak in southerEZ (alongside

a white strip)

Although such features would not appear notable in isolation, their association with the SED is
evident because they are unique and persistentligml well with the track of thevisually
identified SED. Here we presergynoptic JUPOS charts (prepared by Haosrg Mettig and

thr JUPOS team), with the track of the visually identified SiwBrlaid

19992005:

The changing appearance and dynamics of SE® were described in refsd. Thesynoptic
chartwas published aSupplementary Online Material wittef.3, and is repeated hereFrig.2

with the track of the visually identified SED marked in purfilee main chart shows dark spots

at 5-8°S (almost albeingchevrons, showing the detysboundary); the inset showsdrds of

dark streaks aB-6°S. The black arrows on the figure connect up tracks between apparitions,
either from the chevron densitpundary or from the f. end of the streak.

Sources of SED tracks:
1999/2000: Visually identified SED: Our published reg&tgers et al., 2003; JBAA 113]10



2000/01 and 2001/02: Visually identified SED: Our published r¢pagers et al., 2005;
JBAA 115,70]

2002/03: F. end of the streak from theet chart
2003/04: Visually identified SED.
2004/05: F. end of the strefdom the inset chart

In the years when the f. end of the streak was the main marker, note that the boundary of
chevron density was also still visible although more subdued.

To demonstrate that tlieend of the blugrey streak is indeed a consistent nearfior the SED,
which can be recognised in its quiescent state wheeshimages are availablee showa set

of images from 200%Fig.3).

20062010:

To show that the SED persisted similarly up to 2009/2@&0howthe JUPOS charts for these
years(Fig.4), and the same with the visually identified SED marked in pfde5). Again,
SEBn and EZ(S) are shown separately. The scales are different fr@yafigf-ig.5 shows
brightfeatures (red pointsds well as dark featuréklack points)

Sourcesf SED tracks:

2003/04: Visually identified SED (individuaheasurements are showimhe SED was
conspicuous with its classic structure as reportedfiB.

2005: F. end of the streak from the EZ@)art The SED was inconspicuous but still tracked
(e.g.Fig.3). The SEBnN jet showed maximum speed at all longitudes (ref.3).

2006: Visually identified SED (individual measurements are sho®np panel has been
posted in a short interim report:
http://lwww.britastro.org/jupiter/2006report09.htm

In this year, greypbrown shadings were accumulating in the &Zthatthe SED the
chevrons, and the EZ(S) streak wereddficult to see and the SEBnN jet speed coiuld not
be measuredHoweverthe SEDwas visible on each passage past the G&RShe
passages in April and June, it welsse taits original track, buit then shifted~35-40
deg.east before the next passage in July, and agai36 2feg. east before the next
passage in Seplhelimited and reproducible range of these offsatsl the clssic form
of the SED observed after thesuggests that they were shifts of the existing SED, not
new features, and indeed the chart suggests that then@¢[bave reverted to the original
track during solar conjunction

It is unambiguoushat in he following year:

i) When New Horizons imaged it in 2007 Jan., the SED wasaaconspicuous feature
veryclose to its original track, with its classic outline indicating anticyclonic circulation.

i) During 2007, the main complex again sbdt30 deg. east and then progressively reverted
to its original track, all being documented in desailnoted belowsupporting the reality
of similar events in 2006.

2007: Visually identified SEDQ(pair of Great White Spotdracks delineated from tRRJPOS
chart and from individuaheasurements)There was still extensive dark shading in the
EZ, but theSED had become very conspicuous, displaymglassic structure as a Great
White Spot. As it passed the GRS in mkekb.,the SED duplicated, with new main
complex developin@0 deg.east ofthe existing oneThe old onegradually faded\aay,
while the new onevas a spectacul@ED. In June, idecelerated aneixpanded



westwardsbecoming a huge white lozeng80 deg. long., which eventually-fermed a
classicaimain complex exactly on the original tradikhus, the shifeastwas only
temporary and the SED resumed its original track. A detailed report has been posted:

http://www.britastro.org/jupiter/2007report19.htm

Chevrons had the same ganof speeds as in previous years when the SED was
conspicuous, but with exceptional variability east of the SED, which masked the usual
longitudinal gradient of the SEBnN jet.

2008: Visually identified SED (Track plotted by Gianluigi Adamoli & JHR)he SED was
conspicuous, as illustrated in tred.4. The longitudinal gradient of chevron speeds was
very clearly shown (see ref. 4, 72008@ur fi

2009: F. end of the streak from the EZ(S) chart (blue line), enitecof the white strip (purple
line: JUPOS measurements plotdMichel Jacquessonilso, the chevron density
boundary isagainevidentalthough subdued. The SED was quiescent throughout 2009,
but clearly visible [Fig.6d). Many chevrons were trackeglsp. p. the SED, and had a
constant, unusually slow speed of DL190 deg/mth at all longitudes.

2010: Probably still visible in 2010 Mafif.6b), as in 2009, but not thereaftdt.disappeared
as the SEB was fading, and did not reappear in the 2BB(R&vival.

In conclusion, th&&ED has beeanambiguouslyrackedas a unique featura groundbased
observations from 1999 to 2009

The history of the SED gives further credence to the idea that it is sustained by energy from the
convect i wagions 6f the $EB.eldhas)long been suspected that thetshartevivals

of the SED after ipasses the Great Red Spot (GR®8)e due tanteraction with the convective
regionf. the GRS. bngerterm variations in theisibility of the SEDalso seentonsistent with

its beingsugained bysimilar interactiors over a broader regipas follows (from refs.3 & 4)

In addition to the continuous activity west of the GRS, there have beeSmBEHMDuUtbreaks of

bright convective storms in 1998, 2003, 2005, 2QB& SEB Revival), and 2008. Resurgences

of the SED in 2004 and 2006 followed the AEB outbreaks in 2003 and 2005he SED
remained prominent in 2007 when the SEB activity stopped, possibly because the subsequent
SEB fading lasted only a few monthsfore the SEB Revival began with its intense convective
storms. The SED was strong again in 2008 as the SEB Revival was followed by extensive mid
SEB outbreaks, and it was visibly connected to them by a bright cloud streak on several
occasions. Howeveit became quiescent after passing the GRS in 2008 Oct., and was never
again a prominent featureln 2009, the SEB convective activity stopped completely and the
SEB quickly began fading (whitening). The SED then finally disappeared in 2818 SEB

fading proceeded (The same had occurred in 1989, wathonglived SED disappearing as the

SEB faded.

Therefore the birth, lifetime variations, and death of the SED were all broadly consistent with
dependence on convective activity in the SEBth a lagof ~6-12 months. This lag would
consist mainly of the time for changes in RS&B activity to spread to the northern part of the
belt; the actual response of the SEprobablymuch faster. However, the correlation is only
gualitative, andve do not yeknow what the physical process involved might be

If the SED is a solitary wave (refs.3,4ne may suggest that its variable asjpegend on the
amplitude of the wavewhich is governed by the wang supply of energy frongonvective



outbreaks ithe SEB When the wave is driven tagh amplitude, the SED becomes
conspicuous, with a strong anticyclonic circulation and strong suppression of the jet stream
downstream from it. \Wen it hadow amplitude, the SED still exists but is visually
inconspicwus and does not have these large dynamical effects.

References for or papers on the SED:

(1) Rogers J, Mettig HI, Peach D & Foulkes M (2003), JBAA 113 (no.1)310
Qupiter in 1999/2000, Part I: Visible wavelengéhs.
(2) Rogers JH, Cidadéao A, Alksu T, Mettig HJ, Peach D, Orton GS, JBAA 115 (no.2);78
(2005). @AJupiter in 2000/2001: Part Ill: The South Equatorial Disturbafidarge scale
wave in a prograde jét.
(3) Rogers JH & Mettig HJ.(2009 , 61 nfl uence of Disiupbanceeonjets Sou

Sstream speed?o. 338BAA 118 (no.6), 326
(4) SimonMiller AA, Rogers JH, Gierasch PJ, Choi DJisén MD, Adamoli G, Mettig HJ
(2012). oO6Longitudinal wvariation and waves i

218, 817830. [d0i:10.1016/j.icarus.2012.01.022]
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Fig.1: Diagram showing typical appearances of the SEDSouth is up.

Fig.2 [next page} JUPOS charttracking the SED, 19992006.

Reprinted from the Suppl. Online Material of Ref.3, plus tracks markekeoidually identified SED.

Main chart: Latitudes-5.0 to-8.0. Lomgitude scale moves at +0%day in System |
(-6.683/day in System Itl +95.5m/s for 7.3S). Diagonabluelines indicate LX 0.

Only dark features are shown.

+ = spot (mostlchevrons); < > streak; < > p.(E) and f.(W) ends.
Time runs downwards, and longitude increases to the right, for consistency with maps that have
south up, in accord with our standard convention.
Inset: Latitudes-3.0to -6.0, on same scales, showiagly f. ends of dark streaks in EZ(S).

The black arrows conneap tracks between apparitidbgerlaid in colour ar¢he tracks for the

visually identified SEQ(purple) or thd. end of the grey stregklue, from the inset chart)
Dashed purple lireconrect up the SED track between apparitidhss trackis ~1020 degW

of the boundary in chevron density.
The SED longitude was measured ak e

deepest

poi nt

of

t he

Obay:

darker SEB(N) (just f. the rift), which is normally about the same point; and/or (when the
SED is inconspicuous) the f. end of the birey streak in southern EZ, which lies alongside it.

Thesereference pointall generally lie within <~19of each otherwithin the SED any spread
or scatterbetween the is within the range of shetérm variation of the SED, and is

insignificant on the scale of the tracking that we report.
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Fig.2 [caption above].




; 13 March 2005 osasur 16 Mar 2005, 14h25m51s UT,
SED, 2005 March-April Don Parker (Florida) CM1:43.7, CM2:274.9, CM3:303.5 1 April 2005 23:50ut  Dave Tyler

Main complex defined by F. dark SEBn/p. blank SEBn, and CMI=11i7.CM27268.1.CM3=280.8 Isao Miyazaki, Japar CM136.5 CM2 142.4 CM3 175.4

f. dark bluish streak EZ(S), was at L1=0 around Feb.5, DL1 = +26;
thus at L1 ~ 31 (Mar.13), 61 (Apr.17); passed GRS in early April.

April 3, 2005 14.41.41 UT 08 Apr 2005, 13h33m09s UT, 17 -18 APRIL 2005 Jests R. Sanchez j2005/04/22 red610nm
00:23 U.T. |

.. CMI18.2 ; ;
Zac Pujic CMIl 111.8 CM1:46.6, CM2:102.3, CM3:137.0 CM.: 64,9° 486" 85,8 CMI=79.3 CM2=25.4

Brisbane Australia  cmill 143.9 Isao Miyazaki, Japan

Il n 22:50-52 UTC & RGB
Ralf Vandebergh

APRIL 20th, 2005 APRIL 27th, 2005 APRIL 29th, 2005
01:01UTC D. Peach 00:50 UTC  D. Peach 01:38UTC  D.Peach
CM1=44.0, CM2=12.2, CM3=48.7 CM.: 63.2° 338.0° 17.6 C.M.: 48.3° 307.7° 347.8

Fig.3. Imagesin 2005 March-April , showingthe SED in its quiescent aspect. South is up.
Green amws indicate components of the SED: Arrow above, p.end of dark SEB(N); arrow
below, f. end of blugrey streak in EZ(S); oblique arrowhead, p. end of long bright white strip.

Fig.4. JUPOS chart, 20042010 [next page}

This isarranged likd=ig.2 althoughthe scales are different.

The longitudescalemoves at +1.0 deg/day relative to Systenrt13633/dayrelative to System
lll, or +91m/s for 7.3 deg.S)Time runs downwards with the start of each year marked.
The faint diagonal light blue line inchtes 0° longitude in Sys. I.

Left, latitudes-3.0 t0-6.0; note the weltracked f. end of dark streak (>) in 2005 and 2009,
which coincides with the SED (and a shiored feature in 2006 which was unrelated).

Right latitudes -5.0 t0-8.0; as in Figl, dark spots are almost all chevrons.

Fig.5 [next page] [Fig.5 is the same as Fig.S2 in Ref.4, but in opposite orientafiofull-resolution
version can be supplied on requgst.

(L) Same as Fig.But showing bright spots (red points) as well ak dpots (black points),

and with the tracks marked for the visually identified SED (purple, as described in the text) or
thef. end of the grey streak (blue, from the inset chdrnt)2007 theoverall extenof the Great
White Spot is showby mauveshading. Dashed purple lines connect up the SED track between
apparitions.

(R) Some of the best images in each apparition. South is up.

(The HST images from 2009 Sep-18, one of which is shown here, atee only spacecraft

views ever obtairgkof it inits quiescent state.)



Fig.4 [caption above]



The SED, 2004-2010

) JUPOS chart; (R) Some of the best images

2004 Mar.1,22:01 ut
CM1=111.8, CM2=359.7, CM3=286.1
Damian Peach

2004 Mar.21, 04:46 UT
Ed Grafton (Texas, USA)
(Gany. & Sh. in transit)
CM1 =121

April 3, 2005 14.41.41 UT
CMI18.2
Zac Pujic i s

Brisbane Australia  cmin 1439

APRIL 27th, 2005
00:50UTC . Peach

(lo & Sh in transit
on NEB)

2006 APRIL 14 05:15UTC
CM1=330.6, CM2=78.3, CM3=211.8
Damian Peach (Barbados)
(lo & Sh in transit

on NEB)

2006 July 27 . Parker
00:42:35 UT  Coral Gables, AL
CM1=28.7 CM2=64 4 CM3=2256

New Horizons
2007 Jan.21, 03:52 UT

2007 March 3

2009 Aug 13
Paut

2009 Sep.18, 15:18
HST (IR: FQ937N)




Fig.6a. Images in 2008howing the SED in its quiescent stat8outh is up.Green arrow
aboveindicates the p. end of dark SEB(N), approx. coinciding with the f. end of the brilliant
white stip and the f. end of the blugrey streak in EZ(S)gree arrow below)

Fig.6b. Images in 2010 Maywhich are probably the last views of the SED (green arrow).



