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Summary
This report summarises the completion of the SEB Fade, and the progress of the SEB Revival from 2010 Nov.9 to 2011 Jan.13.  Fifteen white, methane-bright plumes appeared, 7 being at the source and 6 (plus smaller ones) along the leading edge of the central branch; their positions and motions are reported.  Each plume at the source appeared to form the focal point of a large coherent cell, and these cells constituted the central branch.  The southern branch showed remarkable changes in the form of the spots and in the wind profile of the retrograding jet, details of which are given in separate Report no.22.  The northern branch developed more slowly.  These results provide an interesting comparison with the SEB Revival in 2007, and they substantiate previous descriptions of SEB Revivals with much greater precision. 
__________________________________________________________________________
Introduction

The SEB Revival is the most spectacular meteorological phenomenon to be seen on Jupiter [ref.1], but only occurs at irregular intervals. Since the modern era of hi-res imaging, observers and scientists have looked forward to an opportunity to investigate one in detail.

A Revival did occur in 2007, and was a well-observed event which taught us much [ref.2]. Nevertheless, the 2007 Revival was weaker than some in the historical records, occurring with the SEB only partially faded.  Also, as the Revival started close to the GRS, the northern branch did not develop, the central branch did not last long, and the southern branch displayed unusual phenomena because of the presence of S. Tropical Disturbances.  And it could have been even more intensively observed had weather and declination been more favourable. Therefore, planetary scientists were still keen to observe another SEB Revival which might reveal the typical phenomena more decisively.
In 2010, the SEB had faded again, much more completely.  The Revival began with the planet on the celestial equator so that both southern and northern hemisphere observers were able to image it at high resolution. And the Revival produced brilliant and well-organised spots at the source, and extensive northern and southern branches, so it was typical in every respect.  Thus we had the opportunity to study a full-scale SEB Revival under favourable conditions for the first time.  

Historically, SEB Revivals have been considered to comprise a source region and three branches which stream out from it [ref.1].  At the source, visibly bright plumes emerge, as though from a deeper storm which is the source of it all.  This source produces vigorous disturbances which spread in latitude (either by winds or by destabilisation of the adjacent clouds) and are entrained by the permanent zonal winds so they spread in longitude.  The central branch is a turbulent sector of reviving SEB, slowly prograding; the northern branch is rapidly prograding, restoring the SEB(N); and the southern branch consists of chains of dark spots rapidly retrograding to restore the SEB(S). 

These divisions have been confirmed by the observations this year, which have also shown that the source and central branch are even more organised than might have been suspected.

We have already posted detailed analysis of the SEB Fade [refs.3,4], and many interim reports on the SEB Revival outbreak [ref.5], including compilations of images of the source region and central branch on every available rotation (up to Jan.10); and of the interaction with the GRS (Jan.11-31).  (For a more systematic assembly of images of the SEB Revival, from 2010 Nov. 7 to 2011 Mar. 9, see the beautiful compilation by Yuichi Iga [ref.7].)  A detailed analysis of the southern branch is now given in an accompanying report no.22 [ref.6].  Here, we summarise the results so far and consider their implications for the atmospheric dynamics of Jupiter.
We are very grateful to all the observers who have contributed images.  A full list will be posted after the apparition is complete.

1) The SEB Fade

The development of the SEB Fade was already covered in our main reports on 2009 and summer 2010, up to September [refs.3,4].  Here we summarise the main characteristics of this Fade.
1)  Fading began in 2009 very soon after convective activity ceased.

2)  As soon as the convective activity stopped,  a series of cyclonic ‘barges’ appeared in the SEB, suggesting reconfiguration of the retrograding jet. 

3) As the SEB faded, the GRS became isolated and increasingly red.

4)  The GRS accelerated westwards.

5) As the SEB faded, a bright plume erupted N of the GRS (intermittently).  The bright plume was methane-bright, i.e. it extended to high altitude, & created a blue-grey streak p. it, which is a common feature of the faded SEB. 

6) A chain of faint spots developed all along the SEBs.  The speed and latitude were initially close to the normal zonal wind profile, but eventually indicated a significant deceleration of the zonal winds.  However, gaps in the chain moved with peak jet speed. 

Have these phenomena been recorded in previous SEB Fades [refs1,2]?-- 
1)  Fading begins very soon after convective activity ceased:  Yes (1989, 2007).
2)  Cyclonic ‘barges’ appear:  Sometimes (2007).
3)  The GRS becomes isolated and redder: Yes (almost always).
4)  The GRS accelerates westwards: Yes (almost always).
5)  A bright plume erupts N of the GRS (intermittently): Yes (1990, etc.);
& creates a blue-grey streak p. it:  Yes (often). 
6)  A chain of faint spots develops along SEBs:  Yes, but probably only in prolonged Fades (1974, 1993). 
Many historical examples were not observed intensively enough to recognise all these features (especially 1 and 2), but the evidence indicates that all these features of the 2009-10 Fade were typical.  It can be taken as a canonical example of the SEB Fade. 

The latitude of the GRS did not change perceptibly during the Fade, within the uncertainties of the measurements, although a slight decrease might be suggested. The raw JUPOS data indicated a small decline in the GRS latitude from summer 2009 to late 2010, but measurements of such variations are not among the aims of the JUPOS project, as the JUPOS measurers often check the fitting of the planet's disk by checking that the derived latitude of the GRS is close to the historical mean (22.3 deg.S). Therefore, Michel Jacquesson has measured hi-res images, checking the fit of the planet's disk by reference to satellites or their shadows. The mean latitude was 22.2 (+/- 0.3) from 2009 July-Oct. and 22.1 (+/-0.3) from 2010 May-Dec., with no significant trend over this interval. (As always, quoted uncertainties are standard deviations; the standard error of the means is 0.1 deg.). If there were a decline in latitude, it would make physical sense, as the GRS would be shifting N (closer to the SEBs jet) as it decelerated (increasing positive DL2) during the prolonged SEB Fade.  However, any such change is too small to be established by these data.

2) The initial outbreak, source, & central branch
The Revival began on Nov.9, when Chris Go noticed a tiny bright spot within the whitened barge b2, at L2 = 288, which was absent the previous day.  The appearance within a barge was significant, as the 2007 Revival (also discovered by Chris Go) also began in a barge, and Voyager images in 1979 had shown a mid-SEB outbreak beginning precisely in the centre of a miniature barge. Revivals in 1949 and 1993 also began close to pre-existing small barges.  So this is confirmed as a favoured location for the initial eruption.  
The outbreak did not coincide with any of the longitudes that E.J. Reese (1971) proposed as permanent sub-surface sources for SEB Revival outbreaks: these would have been at L2 = 352 (A), 167 (B), 61.5 (C).
Ten hours after its discovery, this white spot (WS1) was already spectacularly brighter: in fact it was the brightest feature on the planet at all wavelengths, and one of the brightest spots ever recorded in the methane band.  This implied that it was a cloud plume projecting far above the normal cloud-tops, exceptionally high and/or dense – presumably a convective plume which had burst up through the clouds from a source below.  It was the first of more than 12 such plumes – methane-bright white spots -- that would appear in the expanding disturbance over the next 2 months.  These plumes marked the boundaries of the expanding central branch of the SEB Revival, from its leading front  (p.end) to the source (f.end). 
We have already posted compilations of images which show this region from Nov.9 to Jan.9 [Ref.5; also see Ref.7].  Here we add a complete listing of the white spots with their life histories, longitudes, latitudes, and speeds (Tables 1&2 and Figs.1-3), and galleries of selected images comparing the successive plumes (Fig.1) and showing the larger cells which formed around them (Fig.4).   The numbering system is the same as in our interim reports: although it is not entirely consistent, it is chronological, and we still use it here so that the reader can refer to previously posted images.  

Over the first few weeks, it became evident that the brilliant, methane-bright plumes were appearing in just two areas: the source, and the leading edge of the central branch.  

Plumes at the source:

The spots at the source were:  WS-1,2,3,7,10,12,13; plus WS8 and WS11, both ~11 deg. p. the source longitude.  As Fig.2A shows, the first three spots at the source were still on the longitude track of barge b2, and at the same latitude (17.3 deg.S; barge b2, 16.8 S before the outbreak).  Later spots at the source, WS7, 10, 12, had slightly lower longitude and latitude compared to this track, as the Revival developed, but were close to the extrapolated initial track of WS3; clearly, this line continued to mark the source at the f. end of the central branch.

Some plumes at the source grew or brightened very rapidly even within 10-20 hours, especially WS1 and WS3 (see Table 1).  However, plumes at the source did not appear to expand much thereafter, contrary to expectations based on lower-resolution observations from previous events. (Plumes only expanded greatly when they drifted north of ~13.5 deg.S, notably WS-N and WS9a at the front; see below.) But if the plume itself remained small, a large expanding ‘cell’ did form around it in each case; these would have been regarded as white spots in lower-resolution observations. 
Each new plume at the source, by the second or third day (Fig.1), had acquired a very dark spot or streak bordering its f. side. Over subsequent days, this extended N to form a very dark narrow streak – the classical ‘dark column’ that has often been the most conspicuous feature of the source in historical SEB Revivals. This streak defined the f. boundary of a larger cell surrounding the plume, and persisted even if the plume, being smaller than the cell, was not in contact with the ‘dark column’, or if the plume faded away altogether (Fig.4). 
Thus each plume can be regarded as the focal point of a larger cell, which expanded N to span the belt. These cells were long-lived and comprised the whole of the central branch (Fig.4). WS3 prograded and merged with or replaced WS2, but maintained its cell around it.  The pattern was also maintained by the only two bright spots that appeared within the central branch rather than at its p. or f. edges: WS8 appeared within a space vacated by the rapid motion of WS3, temporarily forming a new cell f. it; and WS11 formed within the cell of WS7, after WS7 itself had disappeared.  The evidence suggests that WS8 and WS11 were weaker than those plumes which arose at the two principal locations, at least initially.  WS8 only lasted for 3 days (there were no methane images in this interval), and WS11 was initially not methane-bright, although it became so later.
Each cell later developed reddish-brown diffuse shading in the southern part, starting in early Dec. These amorphous coloured regions were light in methane images, indicating that the brown material was a high-altitude haze,  not a thinning of the cloud. It may have been emitted around the plumes, as reddish haze tends to appear at locations of vigorous activity on Jupiter. 

From WS3 onwards, each plume at the source, after being near-stationary for a few days, suddenly accelerated p.  Remarkably this happened without any sudden change in latitude, although each of them was gradually drifting north, so the mean latitude during their rapidly prograding phase was 14.2 (+/-0.1) deg.S.  Nor did the accelerations coincide with any obvious change in appearance: the plume was still a compact, very bright spot, although some faded from high to moderate methane-brightness around this time.  The prograding speeds were DL2 = -53 deg/month (WS3), -25 (WS7) ,-37 (WS11, replacing WS7), -41.5 (WS10), -42 (WS12): mean = -40 deg/month  These are the speeds of the mature cells consituting the central branch.

Of the later plumes, WS10 was outstandingly methane-bright like the earlier ones, but WS7,8,11 were either not methane-bright or only briefly so, and WS12 was only weakly methane-bright.  Thus the frequency and scale of the plumes at the source seems to have decreased after mid-Dec.  And after Jan.5, the pattern of cells was no longer evident, as there was greater small-scale complexity throughout the central branch without very conspicuous spots. [However, images after Jan.5 have not yet been studied closely.]  A final small bright spot appeared at the source on Jan.14, but failed to grow, and was not visible after Jan.15. 
It may be significant that a bright plume appeared somewhere in the disturbance every 2-6 days up to Dec.13 (excluding WS9; see below). This overall rate is more regular than the rates for either the source region or the front taken separately (Table 1).  Moreover, sometimes one bright plume appeared around the time that a nearby one faded or disappeared (WS1, WS-N; WS7, WS8, WS10, WS11).   This suggests that the disturbance tended to focus its convective activity into just one new plume at a time. WS9 may be ‘the exception that proves the rule’ as by that time the front was sufficiently far from the source region that correlation was no longer maintained. However, methane images did sometimes show several plumes active simultaneously. 
Plumes at the leading edge:

The first of these appeared just 3 days into the outbreak: WS-N, on the Np. edge of WS1. As subsequent weeks passed, it became evident that such plumes were appearing along a broad front comprising the oblique leading edge of the advancing disturbance: ‘the mother of all weather fronts’, with vigorous bright storms erupting at any point along it from 14 deg.S to 19 deg.S.  By late Nov., this leading front was well defined (Fig.4B), consisting of the extended bright area derived from WS1, in which the new bright plumes arose, and an oblique dark streak on its f. side derived from the original column f. WS1.  After WS-N the plumes were WS4, WS5, and WS6, at a range of latitudes from 16 S to 19 S, but all with DL2 ~ -3 to -6.  WS6 moved south while WS5 moved north in a cyclonic swirl (Dec.1-3). There were other, smaller and shorter-lived bright spots in the same latitude from Nov.27 onwards:  indeed, a chain of five on Dec.15, one of which became very bright, along the S side of the expanding central branch. Later, from amid the continuing complex of bright streaks at the front, appeared the very conspicuous WS9 and WS9a, arising at 14-15 deg.S and prograding more rapidly; and several unnumbered spots at the start of January, again spanning a great range of latitudes (Figs.1 & 2).  All these spots were methane-bright, most of them being as brilliant as the plumes at the source. 
In past revivals, the leading edge of the central branch has often been identified as a coherent structure, often with a bright white spot there.  The hi-res observations in 2010-11 strikingly confirm that this was indeed a distinct structure and a locus of extremely vigorous storms, comparable to those at the source; and that there was little new activity in between these p. and f. ends of the central branch. 

Both WS-N and WS9 in turn extended northwards and then elongated rapidly eastwards, still methane-bright, each becoming a long oval (surrounded by a large dark loop), which accelerated into the northern branch of the Revival (see below). 

Latitudes and speeds:

The chart [Fig.3] shows the range of speeds and latitudes, and compares them with the zonal wind gradients deduced from spacecraft images.  The first three plumes at the source (WS1, 2, 3) all appeared on the same track as former barge b2, and in the same latitude (17.3 +/- 0.2 deg.S), which lies on the spacecraft gradient.  But with subsequent northward shifts of these spots, and others appearing in other latitudes, there was a very wide scatter of latitudes and speeds.  At slow speeds, the broad range of latitudes confirms that the cells were coherent structures across the width of the SEB, from 19 S to 12 S.  White spots at the p. or f. edges of the central branch, with DL2 between +4 and -12 deg/mth, were found all across this latitude range, including WS2 and WS3 which descended by several degrees in latitude without changing their speed.  On reaching 14-15 S, most spots did accelerate, but to a very variable extent, with speeds ranging between -6 and -53 deg/mth.  
Mean speeds for white spots, from Table 2, are:


for lats.18.0 to 15.5 deg.S:  mean DL2 = -3.0 (+/-6.2) deg/month.


for lats.15.5 to 12.5 deg.S:  mean DL2 = -33.3(+/-15.9) deg/month.

Thus the Revival behaved as a coherent whole: bright spots tended to remain in their cells, with little sign of the normal gradient of speed across the belt, except for those spots and streaks which broke free into the northern or southern branches.

Further study may be needed to determine how abnormal this behaviour is.  In normal times, zonal wind profiles of the SEB from spacecraft do show broad ranges, sometimes multiple gradients [Fig.3], whose origin has not been studied carefully.  At such times there are frequent bright spots arising and circulating within ‘rifted’ sectors of the SEB.  Our impression is that these are generally less coherent than the cells identified in the SEB Revival.  The only ‘normal’ apparition which we have analysed in such detail is 2006, and the SEB white spots in that year did adhere better to the spacecraft gradient, though there were not many data in the relevant range (G. Adamoli et al., report in preparation). 
3) The northern branch
Initially the outbreak had little effect on the SEB(N).  However, a blue-grey streak or wedge repeatedly developed p. the leading edge of the central branch (Fig.4, & Refs.5&7), and although the visible shading was variable, it became a persistent methane-dark feature.  It first developed from Nov.14 onwards, from a small blue-grey spot p. WS-N which elongated rapidly eastwards.   By Nov.22-24 it was faint visually, but still comprised a methane-dark wedge . Within this, a more distinct blue-grey streak reappeared as the Sp. border of the expanded WS-N on Nov.27-Dec.1. Again it faded away, but WS-9 repeated the process (see below).
Otherwise, the northern branch up to mid-Dec. comprised just a narrow dark segment of SEB(N).  This reached the GRS on Dec.11, and continued on past it.  This preceding part had turned dark brown, but further f. the reviving SEB(N) still had the mysterious slightly greenish tint of the faded SEB(N) [which had been notable on the N side of the expanded WS-N in early Dec., and was noted by G.Walker, D.Parker, & A.Wesley, in their images on Dec.13-17], giving way to dark bluish or dark grey (and methane-dark) in the oblique dark streaks at the p. end of the central branch.  

On Dec.11, WS9 was eddying clockwise, scooping the SEB(N) into a very dark grey streak on its p. and S sides, which was methane-dark (Dec.13-23). As WS9 elongated rapidly eastwards (like WS-N before it), the dark streak became the first substantial feature in the northern branch, elongating ahead of WS9.  By Jan.1, it had become a long, indistinct, dark  (and methane-dark) sector of revived SEB(N), with some dark spots prograding along it. Also, a fainter blue-grey wedge  reappeared on its S edge, p. the still-bright leading edge of the central branch. 
On Jan.5, there was a dramatic change in this large, pale blue-grey wedge: it suddenly broke up into a series of waves spaced ~6 deg apart.  This occurred within only 20 hours!  Could it be due to an atmospheric wave causing simultaneous breakup of the top cloud layer over this whole region?  Over the next few days, the waves became much darker and grey, and spread out in the p. direction so the spacing was ~9 deg. by Jan.9, down to the GRS.  Meanwhile, also on Jan.5, dark features on the SEB(N) started to interact with the adjacent Red Spot Hollow, which is thereby darkened, and the bright plume N of the GRS was displaced. [Ref.5, report no.20]
4) The southern branch
The southern branch comprises the dark spots which move rapidly westwards with the strong SEBs jetstream. According to the New Horizons profile, the peak speed is DL2 ~ +133 deg/mth at 19.5 deg.S.  Visible spots generally move with DL2 ~ +110 to +120.  Here we summarise the surprising and puzzling results of a detailed analysis of these spots so far.  For the full results and references, please see Ref.6 (Report no.22, posted herewith).  (NB: For this section only, ‘faster’ and ‘slower’ refer to speeds in the retrograde (westward) direction, i.e towards increasing longitude.)
The pre-existing chain:

Before the Revival, and in sectors not yet affected by it, there was a regular chain of small bright spots separated by faint grey projections, 5-6 deg. apart (described up to September in Ref.4 ).  This chain was on the southern flank of the SEBs jetstream.  The speed was generally DL2 = +75 deg/mth, but some sectors had slower speeds, down to +51.  Overall, provisionally, we can assign a mean speed of -69 and mean latitude of 20.7 (+/-0.25) deg.S for this chain.  At the time of outbreak, the speed was +68 to +74 (Fig.5). 

However the latitude, initially 20.9 S, gradually declined, down to 20.2 S in the sector where the outbreak started. These values became significantly different from the normal spacecraft profile.  Also, a zonal wind profile in 2010 Sep. by Grischa Hahn [Ref.8] showed a peak of +94 deg/mth at 20.0 S, significantly reduced from the usual peak value.  Thus there was a modest slowing of the jet and its southern flank at cloud-top level during the SEB Fade.
On the other hand, short gaps in the chain still moved with DL2 ~ +134 deg/mth, which is the peak speed of the jetstream as established by spacecraft, indicating that the peak jet wind speed still existed at some level, even though no distinct features could be seen on it.

Southern branch of the Revival:

At the start of the Revival, the first dark spots in the southern branch (named P1 to P3) appeared to form from a few of the pre-existing projections, which suddenly darkened as they passed the source and simultaneously accelerated to full jet speed (DL2 = +132, soon slackening to +110; Fig.5), without decrease in latitude. 

Then, larger dark spots appeared from the turbulent region close to the source, which had complex shapes (they did not appear to be vortices).  They also moved with nearly the full jet speed (DL2 = +114 to +134, lats. 20.0 to 21.3 S) even though they were up to 1.8 deg. south of the canonical jet peak. Thus, the normal zonal gradient was violated as a band on the S side of the jet peak suddenly accelerated to nearly twice its previous speed.  

This band became the revived SEB(S), with well-defined edges at 19.4 and 21.6 (+/-0.3) deg.S.  The N edge is close to the usual jet peak.
Some of the dark spots drifted to the S edge of the SEB(S) (mostly at 21.9 S) and had slower speeds (mostly DL2 ~ +44 to +60), more consistent with the normal spacecraft profile.  
Meanwhile, the previous chain pattern re-established itself over large sectors of the SEB(S).  Most of the leading dark spots disappeared or merged, giving way to a faint chain with DL2 ~ +75 as before, on which the first spot (P1) maintained DL2=+110 by shifting from one projection to the next.  Other sectors within the reviving SEB(S) again developed chains of small bright ovals (at 20.1 S) which resembled the pre-outbreak chain. Their speeds have yet to be analysed in full but were probably much slower than the dark material around them, as indicated by DL2 ~ +51 for several small projections between the bright ovals.

Conclusions and questions:

This analysis reveals the behaviour of the SEB(S) both before and during the Revival in more detail than ever before, but it raises more questions than it answers, both about the nature of the 
spots, and about the changes in the jetstream profile.
Nature of the spots:


The pre-outbreak chain of spots is still mysterious. They could be travelling waves, or standing waves moving with the zonal winds, or small bright vortices. They resemble the usual chain of ‘chevrons’ on the SEBn, about which the same questions persist.

The dark spots formed in the outbreak, surprisingly, are apparently not vortices, but irregular patches of dark material, streaming into the SEB(S) from dark spots at the source.  Whether these are dark aerosols, or thinnings in the brighter clouds, or both, might be determined from professional infrared observations. 
Zonal wind pattern:


During the Fade, the speed was slower than the normal zonal profile at cloud-top level (though the peak speed was still observed as gaps in the chain, suggesting that the jet was unchanged deeper down).

When  the Revival started, the speed immediately became faster than the normal zonal profile, across a broad band south of the jet peak.  I suggest that the SEBs jet broadened at depth, either as part of the buildup to the outbreak, or as an immediate reaction to it. Then the outbreak source was such a large, deep and powerful storm that it caused a sudden massive perturbation of the jet.  One possible mechanism could be that the storm deflected the prograding flow within the SEB at ~14 deg.S, causing it to recirculate into the SEBs jet, which thereby acquired a greater flux of air and spread further south; however this is speculative and cannot be confirmed from the images, which do not show any tracers approaching the source in this latitude. 

During the later stages, fast speeds for the dark spots and slow speeds for the chain are coexisting. This seems to require either that they were driven from different levels, or that the chain consisted of travelling waves. Either explanation raises further difficulties that have yet to be resolved. 
5)  Discussion:  The organisation of the SEB Revival.   
The observations analysed here are consistent with historical accounts of major SEB Revivals [ref.1].  But the unprecedented temporal and spatial resolution of the 2010 observations has allowed us to define the features much more precisely, and to infer dynamical processes that were previously obscure. They largely validate the historical descriptions of these events – the major features recognised in them, albeit at lower resolution, are indeed the large structural features described here.  
It will be interesting to revisit the historical records to see whether previously unrecognised details are also consistent with the patterns recorded this year. This has yet to be done.  For now,  we can list the major conclusions about the 2010 SEB Revival, and compare them with the 2007 Revival [ref.2]. Some interesting similarities and differences emerge.  
1)  The Revival started with a bright white plume erupting in a pre-existing barge.  Subsequent white plumes continued to appear on the track of this barge, which was the location of the sub-surface source of the whole Revival. 
2007:  Yes.

2)  These plumes were extremely methane-bright (thrusting up to very high altitudes), especially when new.

2007:   Yes in HST images of a newly erupting plume on June 5.  But otherwise, the white spots were only modestly methane-bright, and one new one observed (May 27) was not methane-bright at all. (Methane images were not plentiful in 2007, but sufficient.) All this suggests that the plumes were less vigorous in 2007.

3)  Brilliant white spots (methane-bright plumes) also appeared along the leading edge of the  central branch.

2007:  No.  Our report states:  “Central branch ...early bright spots were rapidly distorted or disappeared, and later ones were very small and transient, with much small-scale turbulence; and even the leading edge of the ensemble was very oblique.” As we thought at the time, the 2007 Revival was less energetic than some historical examples. 
4)  The central region of the outbreak was entirely composed of large convective cells, each of which was initiated by a bright plume, but the plume only occupies a part of the cell.  Each new plume at the source  marked the creation of one of these expanding cells, and a very dark streak (‘column’) persisted to define its f. edge.  

2007:  Probably, but the cells were perhaps smaller in 2007, because of crowding near the source, and because SEB(N) was already broad and dark and they did not encroach on it. 

5)  The southern branch began with darkening of pre-existing mini-projections.

2007:  No, because:  (i) As the SEB fading had not proceeded for long, no pattern of mini-projections was present;  (ii) As the SEB outbreak was adjacent to a S. Tropical Disturbance, any such coherent features on SEBs would have been diverted away. 

6)  Dark spots in the southern branch are not coherent vortices. 

2007:  No:  many or all of the SEBs dark spots were probably anticyclonic vortices.
7)  Dark spots in the southern branch had typical SEBs jetstream speed but were unusually far south.  This indicates a large real acceleration westwards of the latitude band 20-21 deg.S, to the same speed as the jet 1 deg. further north. 

2007:  Yes — for the early dark spots only. 

---------------------------------------------------------------------------------------------------------
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Tables [in separate Excel file]:
Table 1:  
The bright plumes: history of each one.  
(Left panel:) Mean L2 and latitude (zenographic) on the first 2 rotations when it was observed. 
(Right panel:) History of visibility of the white spot. Each entry lists: 
In visible light, the date (decimal date where relevant) on which it was first seen as a very small white spot (notes indicate if it was not or might not have been seen), then first seen as a conspicuous bright white spot; date on which it accelerated; date on which it was last seen to be very bright, then last seen distinctly at all (although some persisted as minor white spots as they were tracked for a few more days from JUPOS measurements). 

In methane band: Whether it was methane-bright when first seen in visible light: --, no; (+), weak; +, moderate; ++, very bright.  (Where there was no methane image on the date of first visible appearance, the date of the next methane image is given in brackets.) Then, date on which it was last seen to be very methane-bright, then last seen methane-bright at all.  
(Abbreviations: Vis, visible light; CH4, methane absorption band at 890 nm; band; MB, methane-bright, i.e. bright in CH4 images; mod., moderately; nd, not determined (no image); WS, white spot.)  

Table 2:  
Mean drift rates and latitudes of the bright plumes.  Drift rates are DL2 (deg/month); latitudes are zenographic.  (For initial longitudes and latitudes, see Table 1.)
Figure legends:
Fig.1.  Images of each bright plume on its first and (when possible) third day, in visible (RGB) and methane-band where available.  

(Left) WS1, and plumes in the leading edge complex.  (Right) Plumes at the source. 

This gallery of images, selected from previously posted compilations, allows qualitative comparison of the plumes at different stages of the Revival.  Note that the images differ greatly in resolution and processing so the plume brightness cannot be compared quantitatively; the brightness in methane images is especially dependent on processing.  Also, apparent differences between plumes on the first day may reflect the very rapid growth that some showed even within 10-20 hours: WS1 and WS3 brightened especially quickly (see Table 1). Of the later plumes, WS9a (at the front) and WS10 (at the source) were outstandingly methane-bright like the earlier ones, but others at the source (WS7 and WS12) were not.  

Fig.2.  
(A) JUPOS chart of longitude vs time for bright and dark spots in the southern half of the SEB, latitude range 15 to 18 deg.S.   Pink, bright spot in barge b2; red, other bright spots, mainly plumes in the SEB Revival; black, dark spots.  Large red dots are the first appearances of the plumes at the source, which all fall on the track of barge b2. 

(B) Chart of longitude vs time for the bright spots (plumes) in the SEB Revival, produced from JUPOS data by Michel Jacquesson, colour-coded by spot number.  

(C)  Chart of latitude vs time for the same spots, produced by Michel Jacquesson. 

Fig.3.  Chart of latitude vs speed for the bright spots (plumes) in the SEB Revival, from data in Fig.B and Table 2.  Dashed lines are the mean zonal wind profiles from HST, 1994-1998 (Garcia-Melendo & Sanchez-Lavega, 2001) and from Cassini, 2000 (Porco et al, 2003). (Even in those ‘normal’ years, they showed considerable scatter across this region, including multiple gradients as shown for Cassini, which may represent different longitude sectors). 
Fig.4.  The overall structure of the Revival. (Images selected from previously posted compilations.) (A) The developing cellular structure of the central branch. Red arrows below indicate plumes at the source. Blue/cyan arrows above indicate plumes in the leading edge complex.  
(B) Images and maps with the main components of the Revival labelled.

(C) Diagram showing the evolution of the large cells derived from the bright plumes from the source.
Fig.5.  Chart of longitude vs time for dark spots in the southern branch:  JUPOS data, re-plotted using Excel, in a longitude system moving at +3.0 deg/day relative to System II.  Spots are colour-coded by latitude, allowing spots in slightly different latitudes to be distinguished.  The ubiquitous chain of small bright spots and projections was drifting with DL2 ~ +72 deg/month.  P1 was a small pre-existing projection which suddenly darkened and accelerated; P2 and P3 were similar. DS1 to DS5 were larger and darker spots.  (However this chart shows only the JUPOS measurements made up to late Dec.  For other versions of the chart, including a larger range and additional measurements of  identified spots, see the detailed analysis in Report no.22.)
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