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by Gianluigi Adamoli (JUPOS team) & John Rogers (BAA)

Summary

The N. Temperate domain in 2009 showed many striking features, including an array of projections from NTBn, some of which developed very dark streaks inside them, and unusual dark spots in the NTZ.  These features have been analysed from the complete JUPOS database.  Most features followed the normal currents in spite of their unusual appearance.  However some of the NTZ spots moved unusually fast, especially in a darkened sector called the N. Temperate Disturbance (NTD).  The NTD was analysed in detail, providing the first full account of its dynamics.  In its p. half, there were dark cyclonic streaks and bright ‘rifts’ displaying intense small-scale turbulence. In its f. half, unusual dark anticyclonic spots were appearing in the NTZ and moving with a wide range of speeds.  At least some of these spots resulted from recirculation of spots from the retrograding NTBn jetstream.  The NNTBs jetstream was not deflected and its spots entered the NTD, but they were then intercepted and eliminated by individual spots in the NTZ.  We infer that the NTD is created by conjunction of two phenomena: convective ‘rifting’ in the NTB, which defines its p. end and leads to disturbance of the retrograding NTBn jetstream; and recirculation at a NTBn projection, which defines the f. end and generates dark spots and streaks in the NTZ.  This is the most detailed analysis yet of a suite of phenomena that have occurred on previous occasions after energetic NTB outbreaks like that of 2007. 


______________________________________________________
Introduction
One of the most interesting regions of Jupiter from 2007 to 2010 has been the North Temperate domain. Since the great NTBs jetstream outbreak and NTB revival in 2007, the NTBn has been of particular interest, as it has displayed a series of northward undulations or projections that look like very-high-amplitude waves. Within some of these, light orange spots or dark streaks have developed, and the activity has progressed to create a North Temperate Disturbance (NTD), in which dark features largely obscure the NTZ.  These phenomena seem to be a multi-stage sequel of the events of 2007, and they raise several general questions:

--Are the NTBn features governed by real waves in the retrograding jet, or by circulations as in most domains of the planet?

--What is the NTD?  Does it involve recirculation between jets like a S.Tropical Disturbance?
--Are these phenomena regular sequels of energetic outbreaks like that of 2007?

To investigate these questions, we have completed the analysis of JUPOS records for this domain in the 2009/10 apparition, for latitudes 27-37 deg.N. (See our interim report [ref.1] for a summary of the JUPOS project and contributors.)  From the JUPOS charts (Fig.1), individual spots were identified, and the JUPOS records for each one were selected and analysed in Excel, to calculate the mean speed (in System II longitude, DL2, degrees per 30 days) and latitude (zenographic) for each track segment with reasonably constant speed.  Typically, the standard deviation (SD) of latitude measurements was 0.3-0.6 deg, and the number of observations (n) was >10.  Data were excluded if SD > 0.6 or n < 7, unless otherwise stated.  

Throughout this report, NTBn projections are numbered N1, N2, etc.  Dark spots are numbered according to latitude: NTB-1,-2... (abbreviated B1, B2....) for spots in NTB(N); NTBn-1,-2... (n1, n2...) for retrograding jetstream spots; NTZ-1,-2... (Z1, Z2...) for both slow-moving and prograding spots in NTZ.  Prograding spots in NTZ or on NNTBs are usually indicated by dark blue arrows in the figures.  


These data are here combined with an expanded version of the assessment from [ref.1], to provide a final report on this region for the apparition.  Fig.2 presents hi-res maps of the domain and identifies the features tracked.  Table 1 summarises the numerical results, and Fig.3 shows the latitudes and speeds of all features tracked.   Figs.4 and 5 show aspects of the NTD in detail, then the conclusions about the NTD are summarised in Fig.6. 

The N. Temperate domain is bounded by prograding jetstreams, as defined by spacecraft: the NTBs jet at 23.7ºN (generally quiet this year), and the NNTBs jet at 35.1ºN (which often carries small dark vortices).  In between is the retrograding NTBn jet at 31.1ºN (usually not detectable from Earth).  Visible features normally drift with the slow current for the domain, the N. Temperate Current (NTC), which is modestly retrograding, with a historical mean speed of DL2 = +17 deg/mth (range ~ +10 to +30 deg/mth).  This current has also been called NTC-A, to distinguish it from the much faster speeds occasionally detected for dark streaks or rifts within the belt, called NTC-B (historical range DL2 ~ -128 to -84 deg/mth). 

NNTBs jetstream
There were no NNTBs jetstream spots until one appeared in June. This one (no.4 in Fig.2 & Fig.4b: DL2 = -84 deg/mth) appeared within the NTD and prograded out of its p. end without change of speed.  Four others appeared in July, and many others from mid-Sep. to mid-Dec., all appearing around L2 ~ 250-265, near the p. end of a dark NNTB segment (outside the NTD). This NNTB segment appeared complex in Peach’s v-hi-res images, and was apparently a typical cyclonic sector with internal turbulence, throwing out vortices onto the jetstream. 

The volley of jetstream spots that arose in July was well tracked, with DL2 ~ -85 deg/mth (Figures 1 & 2 & 4b). They disappeared after they entered the NTD in Sep.(see below).  The later spots had sparser tracks because there were fewer good images then.


Fig.3c shows the chart of latitude versus speed for the NNTBs spots. Most of our points cluster around the average jet peak revealed by spacecraft.  There were several slower spots in the same latitude, especially no.1 (the leading spot in the outbreak, for just its first month), suggesting local fluctuation in the peak speed of the jet.  No.3 (35.9ºN) was clearly abnormal, being visibly further N than the NNTBs edge and than other jetstream spots with the same speed. Therefore, we suspect that this spot was not an anticyclonic vortex like the others. 
NTB/NTZ, outside the NTD
All the major features of the NTBn were drifting with the usual slow current, the NTC, whether dark streaks, bright spots, or projections. The dark streaks and spots were mostly at 29.6-30.1 ºN, the usual latitude for cyclonic structures in this belt, where the NTC matches the mean zonal wind speed as measured from spacecraft (Fig. 3). A few of them, and two bright spots [WS1, WS3], were slightly further S in the NTB, down to 28.8ºN, while projections to the N were recorded at 31-32ºN; but all these features may well have been associated with structures in the standard cyclonic latitude, seen as pale orange cores for most of the projections. Thus, the data are consistent with all these features being centred on cyclonic systems at 30ºN.

There were two very dark streaks at 30ºN (Streaks 3 and 4), which were presumably cyclonic belt segments just as in other domains. Streak 3 became fainter and redder after mid-October, then disappeared suddenly in early November.  This is an example of a general phenomenon: that cyclonic dark streaks or barges turn red just before they disappear [ref. 2].  Remarkably, as it faded away, the projecting p. edge of Streak 3 caused two retrograding NTBn jetstream spots to recirculate into the NTZ. This seems to have been an extension of the phenomena of the NTD, and so is described below with the NTD.

Dark spots in the NTZ were not common outside the NTD, but several were seen in May and June in the range L2 150-240, lat. 32-33ºN.  In May, several of these were tracked [spots Z1,-2,-3,-5]; they had a remarkable range of speeds from DL2 = -15 [Z2] to +29 [Z5]. They were mostly consistent both with the NTC and with the zonal wind gradient established by spacecraft (Fig.3), although the faster ones may have been more unusual.  In June, hi-res images showed that this sector had the same structure that we will describe below for the NTD (Fig.4a  & Fig.2).  Following dark streak 2 was an area with a mini-rift, a dark spot in NTZ [Z3], a tiny retrograding spot on the NTBn jet, and features of a NTD f. there: apparently a miniature NTD. All this suggests that conditions similar to the NTD were possible at other longitudes as well.  
Discussion: The sinuous NTBn edge
The remarkable sinuosity of the NTBn in 2008 and 2009 prompted the question:  Were these wave-like projections primarily waves propagating along the NTBn jet (as might be suspected from their appearance), or eddies stabilised as circulations in the NTC slow current (as in other domains)?  If they were waves, we would expect the drift rate to be independent of latitude but it might depend on the wavelength. If they were circulations, we might expect the drift rate to depend weakly on the latitude of the centre of the circulation (not the tip of the projection).


In fact, the data do not resolve this question, as they do not show either of these hypothetical correlations.  The chart does not show any sign of regular wave-trains with speeds related to wavelength, neither in 2008 nor in 2009.  Although these projections had a range of speeds within the NTC, the speeds were not obviously correlated with the distance between projections, nor with the appearance of the projection (whether it enclosed a dark streak or not), nor with its latitude (since the speeds and latitudes did not spread over a sufficient range to show a significant gradient). 

The sinuous NTBn edge overlaps the latitude of the NTBn retrograding jet, and it would be interesting to know whether the jet actually follows this sinuous course, but this question cannot be answered in the absence of visible tracers.  Images from the Hubble Space Telescope (HST) might be able to answer it.  


As we noted in [ref.3]: “The extreme waviness in the NTBn latitude was actually present, at low contrast, in HST blue-light images on 2007 March 25 before the outbreak (Dr. Amy Simon).  It was also present in a 1979 Voyager close-up, but not in 1999 HST nor 2000 Cassini images. So it may be a correlate of the super-fast state of the NTBs jet, and now it has been visualised by the revival of dark material in the NTB.  

“No NTB revival has ever been observed at such high resolution before.  The orange colour, the sinuous N edge, and the formation of barges by eddying within the waves, all resemble the phenomena of the NEB, and may be a similar response to the vigorous outbreak within the previous year.”
North Temperate Disturbance (NTD)

This was a sector of the NTZ which was largely occupied by many dark streaks and spots, some in the NTZ as well as on the NTBn, as well as general shading. Hi-res maps (Fig.2) show that it had quite well-defined ends, drifting with the NTC.


Such formations in previous years have been named ‘N. Temperate Disturbances’ [ref.5, p.103], by analogy with S. Tropical Disturbances, but they have never been proved to involve recirculation of the jets.  Some (but not all) NNTBs jetstream spots disappear on reaching the NTD, but actual recirculation has never been observed at the NTD.  Present observations are good enough to resolve this question, and indeed one isolated NNTBs spot in 2008 was observed to recirculate at a NTBn projection [ref.4].  So we now have the opportunity to determine whether a NTD distorts or recirculates the adjacent jets. 


The NTD spanned L2 ~ 280-20 in March, ~ 0-80 in July, and ~ 30-130 in Sept, proceeding with the NTC.  In Nov., the NTZ in the p. half cleared (although the NTBn dark streaks remained), whereas new activity extended the f. end to the former p. end of Streak 3 (see below), so the NTD spanned L2 ~ 170-250 in early Dec.

Up until July, with limited image resolution, few features were tracked within the NTD – mainly the large dark streaks – and their motions were not exceptional. In July-Oct., better observations allowed it to be analysed in detail.  The NTD can be divided into two halves:

1) P. sector (~60 deg. long) (Figs.2 & 4b): This consisted of two long dark streaks on NTBn at 30 N (DL2 ~ +22 deg/mth), with small bright spots in the NTB alongside them comprising narrow ‘rifts’, presumably representing intense convective turbulence in the belt.  The rifts were always present in v-hi-res images (Figs.2 & 4b).  
2) F. sector (L2 ~ 75-125 in Aug-Sep.) (Figs.2, 4c, 5):  This sector contained no major structures in the NTB, but dark spots and streaks in the NTZ at 32-33ºN.  These spots revealed a variety of unusual motions:


a) Three of these dark spots, at lat.32ºN, moved with the NTC, including one that marked the f. end of the NTD [Z13].  


b) Several dark spots were prograding in the NTZ: at least 4 in July-Sept. [Z6,-7,-8,-9], and probably similar but poorly-observed spots in May. Latitudes were 32.3 to 32.9ºN.  These all originated at the f. end of the NTD.  These spots underwent various encounters and mergers until they encountered a slower-moving NTBn dark spot and disappeared (Fig.1).
In more detail (Figs.2, 4c, 5): These 4 prograding dark spots all originated at the f. end of the NTD: the last 3, at least, split off from the dark spot which marked the f. end of the NTD (Z13; DL2 = +24; lat.32 N).  Z6 may have become Z12 (retrograding with NTC).  Z7 collided with Z12 but survived, but lost its prograding speed; thereafter  named Z11.  Z8 passed Z12 without either one changing speed, then merged with Z11; this merged spot (Z11: DL2 = +3), survived until it reached the f. end of the NTBn dark streaks, and then it may have moved S to the NTBn and decelerated to retrograde with the NTC, being renamed B2.  Z9 passed Z12, which immediatelydisappeared, and Z9 continued prograding until it reached B2, at which point both spots disappeared with some turbulence [Fig.5a].

c) At least 2 small dark spots [NTBn-1, -2] were tracked in the rarely observed NTBn retrograding jetstream. And both of them recirculated into the NTZ when they reached the f. end of the NTD.  The first [NTBn-1], in July, moved with DL2 = +72, the full speed of the jet, never before observed from Earth!  When it reached the small spot Z13 at the f. end of  the NTD (Fig.4c), it performed a loop around it then prograded in the NTZ as Z8. The other such spot [NTBn-2] (Fig.5b) was larger, with more modest speed, DL2=+39, and recirculated in early Nov.; the region was not well observed thereafter.  It is possible that the earlier prograding dark spots in NTZ had come from similar recirculating spots, which were not recorded.

d)  A volley of NNTBs jetstream spots, with DL2 ~ -85, entered the f. end of the NTD and disappeared on reaching one of the dark spots in the NTZ: Z9 (3 spots) or Z10 (one spot), all in Sep.
The dark spots in NTZ were all at lats. 32-33ºN, in spite of their different drifts.  The chart of speed versus latitude (Fig.3a) shows that most of them followed a consistent gradient, extending smoothly from the retrograding NTBn jet peak (30.5ºN) to the prograding NNTBs jet peak (35.1ºN). The NTZ spots outside the NTD (Fig.3b) also fit onto this gradient. The gradient agrees very well with the consensus of the zonal wind profiles from spacecraft, and especially with New Horizons (Fig.3d). (Note that the differences between the 4 spacecraft profiles, which partly reflect systematic errors, are greater than the scatter within our own results.) 

However, some of the spots prograding in NTZ did not fit on this gradient: they were moving anomalously fast for their latitude [Z6,Z8].  This suggests that there was some disturbance of the usual wind profile within the NTD. 
Further extensions of the NTD:
Preceding the NTD, v-hi-res maps [Fig.2] showed narrow, dark blue-grey streaks and spots rapidly prograding within the NTB. They were too ill-defined to be tracked by JUPOS, but the maps imply a speed of DL2 ~ -70 to -80 deg/mth, which falls within the N. Temperate Current B.  These features may represent disturbance emanating from the rifts in the p. part of the NTD.

Following the NTD, in Oct-Nov., recirculation of NTBn jetstream spots led to an extension of the f. end of the NTD  (Fig.5b).  Six small dark NTBn spots seem to have arisen from some new mini-rifts. They then merged in pairs, to form spots NTBn-2 (DL2 = +39), NTBn-3 (DL2 = +97!), and NTBn-4 (similar DL2).   In addition, each of these then recirculated into the NTZ: NTBn-2 at the existing ‘f. end of NTD’; NTBn-3 and -4 at the projecting p. end of Streak 3 (which was fading and reddened).  During Nov., this region of NTZ became cluttered with little dark spots, some from these recirculations and others from an incoming NNTBs jetstream volley, thus extending the NTD up to the former p. end of Streak 3 (as shown in Wesley’s image on Dec.9).  

Earlier, there had been a ‘mini-NTD’ at L2 ~ 150-230 in May-June [see above, & Figs.2 & 4a].  These events imply that the NTD was not necessarily unique, but that similar phenomena could arise in various sectors of the N.Temp. region.

Discussion: The nature of the NTD

The NTD seems to be mainly a sector of strong disturbance on the NTBn, along with NTB rifts (cyclonic convective turbulence, in its p. half) and NTZ spots (anticyclonic vortices, in its f. half).  We propose that the key features are the NTB rifts, where the activity is generated, and the sinuous course of the NTBn, which leads to recirculation of NTBn spots into the NTZ, thus trapping vortices and dark material within the NTD. (This is the opposite of the situation in a S.Tropical Disturbance, in which recirculation between the jets causes jetstream spots to be excluded from the Disturbance.)

The NTBn and NNTBs jets still operated at full speed and normal latitudes within the NTD, but there were perturbations of the zonal wind gradient:

i) Retrograding dark spots on the NTBn jet (which are themselves very unusual) were recirculated at the f. end of the NTD, to prograde in the NTZ (and similar events were observed at the extraneous NTD-like regions in June and October). All the prograding NTZ spots could have arisen from such recirculation events. 
ii) Some of the prograding NTZ spots drifted exceptionally fast for their latitude;


The NNTBs jet was not deflected, and spots on it were able to both exit and enter the NTD.  However, spots which entered it were sooner or later intercepted and eliminated upon encountering one of the dark spots in the NTZ, presumably through an anticyclonic interaction.

Our inferred model for the dynamics of the NTD is shown in Fig.6.  The driving force is turbulent convective activity in the NTBn in the p. half of the NTD, associated with the very dark NTBn streaks.  This probably generates disturbance on the retrograding NTBn jet, including the visible spots.


In the f. half of the NTD, enhanced eddying in the NTZ  leads to (at least partial) recirculation from the NTBn to the NTZ. The site at which this happens defines the f. end, and this explains the apparently coherent form of the NTD.  The recirculation produces dark spots in the NTZ (anticyclonic vortices), trapped within the NTD, with various speeds, sometimes merging with each other.  Meanwhile, NNTBs jetstream spots (also anticyclonic vortices) entering the f. end of NTD encounter these NTZ spots and are eliminated.  Thus in the NTD, jetstream spots are present but the eddying prevents them from leaving.

Thus the NTD is only partially analogous to a S. Tropical Disturbance (STropD).  At a STropD (at its p. end, at least), recirculation between the jets prevents jetstream spots from entering.  But the underlying phenomenon is the same: enhanced eddying in the zone leads to recirculations of spots, at first stochastically but then systematically.  STropDs have formed in this way in 1979 [ref. 5: Voyager obs’ns] and in 2006-2007 [ref.6].  The difference could simply result from the different parameters of the two zones.  First, the retrograding jetstream is much stronger on SEBs than on NTBn, and when active it carries more substantial vortices, which may be why the recirculation can become a self-sustaining structure in the STropZ.  Second, the STropZ is broader, so the recirculation can flow freely, whereas in the narrower NTZ the various spots collide and disrupt each other.  

The NTD more closely resembles the NEBn/NTropZ when the NEB has an active rifted region, leading to prograding rifts in the NEB, small disturbances on the NEBn retrograding jet, and anticyclonic Little Brown Spot(s) forming in the NTropZ where they prograde or oscillate. 

This suite of phenomena has occurred during the Voyager encounters in 1979 [ref. 5] and during NEB broadening events including 2009 [ref. 1].  Indeed, in 2009,  these NEBn/NTropZ phenomena were happening at the same longitude and the same time as the NTD.  


The NTD also has similarities to the dark STB segments, with their turbulent cyclonic activity and their emission of dark spots and anticyclonic eddies on the f. side [see the Cassini movies]. 


In spite of the different names and structures of these phenomena in different domains, they all emerge from common underlying processes: turbulent activity in a cyclonic belt segment, generating disturbance on the adjacent retrograding jet; and enhanced eddying in the zone, causing retrograding jetstream material to recirculate in the zone.*  

*Footnotes:


i) Systematic recirculation has only been observed from retrograding to prograding, not the other way round. 

ii) Recirculation is often, if not always, incomplete. In the NTD and NEBn/NTropZ cases, recirculation creates prograding dark vortices in the zone but they do  not join the NNTBs or NTBs jet respectively. Even in the STropD, recirculated spots often do not fully attain the latitude or speed of the intrinsic STBn jetstream spots [e.g. 1979, ref. 5; and 2007, ref. 7].

iii) The different dynamics may explain why NTDs have tended to be less well-defined than STropDs.  The large-scale recirculation at the p. end of a STropD appears to be self-sustaining.  In contrast, the extent of a NTD seems to be determined merely by the extent of the rifting at the p. end, and the fortuitous occurrence of a NTBn projection sufficiently prominent to cause recirculation and thus create a f. end. As we have seen, when additional mini-rifts appeared in the NTB, they induced additional NTD-like sectors on their f. side. (This structure would not have been detected in previous years because the NTB rifts are so small.)
Previous NTDs have lasted for several years and had a variety of appearances, so it is possible that this year has not exhausted all the phenomena that a NTD can display. It is still present in 2010, so further observations will be of great interest.
Historical significance
Are the present features common sequels of a super-fast NTBs jetstream outbreak, such as that in 2007?  The present NTD and very dark streaks have developed progresssively out of the great outbreak of 2007, and this sequence may have happened before.  As noted in [ref.4], there had been three NTDs in the previous 40 years, and two of them [ref.5, p.103] followed a few years after NTBs outbreaks which produced strong orange colour as in 2007.  

First, after the super-fast NTBs outbreak of 1970, a NTD appeared from 1972-75. Second, after a suspected NTBs outbreak in 1985 that again led to strong orange coloration, there were very notable dark streaks and spots on NTBn in 1986 and 1987, which progressed to the NTD of 1988-92.  Thus, both of these NTDs may have resulted from a similar sequence of events as that of 2009, each one originating with a NTBs outbreak 2-3 years earlier. 


However the next NTD arose in 1997 without such antecedents, suggesting that NTDs, like STropDs, can have a variety of origins. 
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Table 1:     N. Temperate region, 2009: List of features tracked 
[image: image1.emf]Name N L2(O) DL2 DL2 Lat Dates Name(s)

features (deg/mth) range (mean)

N.Temp.Disturbance:

P.end NTD 1 10 22 - Mar-Dec

=dark spot [B1] 1 9 22.5 29.8 Sep-Nov [B1]

Dark streaks NTBn 3

   (p. & f. ends) 6 21.7 13.4 to 30.4 29.8 May-Nov

D.ss.in NTZ (NTC) 3 24.1 20.1 to 29.2 32.0 July-Oct. [Z10,Z12,Z13]

D.ss.in NTZ (prograding) 3 -22,8 -21.6 to -23.8 32.6 July-Sep. [Z6,Z7,Z8]

D.s. on NTBn jet [n1] 1 (143) +72 30.5 June-July [n1]

D.s. on NTBn jet [n2] 1 80 +39 31.6 Oct. [n2]

F.end NTD 1 115 22 Mar-Dec.

= f. dark streak 1 115 23.0 32.1 July-Sep.

& dark spot [Z13] 1 111 23.6 31.8 July-Aug. [Z13]

Outside NTD:

D.s. on NTBn jet [n3] 1 (323) +97 30.5 Oct-Nov. [n3]

White area in NTZ  1 167 19.5 31.7 July-Oct. [WS2]

Projs. from NTBn 13 22.0 13.0 to 30.5 31.6 May-Nov [N1 to N13]

& bright spots within them 2 29.2 [WS1, WS3]

& dark spots within them 5 29.6

V.dark streaks in NTBn, inc.: 3 17.0 29.7

p. Streak 3 1 186 25.2 30.1 June-Sep.then further p.

f. Streak 3 1 194 20.0 29.9 July-Sep. then faster

p. Streak 4 1 203 17.4 29.9 July-Dec. oscillating

f. Streak 4 1 216 16.8 29.8 July-Dec. oscillating

Mean for NTC: 21.2 29.8 (lat. for dark spots & 

(excluding values in green)  streaks in NTB only)

NNTBs jet:

Small dark spots 12 -85.1 -72 to -96 35.1 July-Dec.


Figure legends
Fig.1.  JUPOS chart of the N. Temperate region, latitudes 29-33ºN, plotted in System II longitude, with the tracked features labelled. Tracks of NNTBs jetstream spots 1-5 are indicated by pale blue lines. 
      Throughout this report, NTBn projections are numbered N1, N2, etc.  Dark spots are numbered according to latitude: NTB-1,-2... (abbreviated B1, B2....) for spots in NTB(N); NTBn-1,-2... (n1, n2...) for retrograding jetstream spots; NTZ-1,-2... (Z1, Z2...) for both slow-moving and prograding spots in NTZ.  Prograding spots in NTZ or on NNTBs are usually indicated by dark blue arrows in the figures.  
       Inset:  Excerpt of the database replotted in a longitude system moving at +2.0 deg/day, to show NTBn jetstream spot n1, and possibly a similar spot f. it. 
Fig.2:  Maps of the N. Temperate region, 2009 June to Sept., with some of the tracked features labelled as in Fig.1. All frames extend from NEBn (at top) to NNTZ (at bottom). South is up in all images.  The extent of the NTD is indicated on each map.  All maps were made using WinJUPOS. 
Fig.3:  Graphs of latitude versus speed for all spots tracked by JUPOS: (a) in the NTD; (b) outside the NTD; (c) on the NNTBs.  Open symbols are points determined from <7 measurements. Solid line is the zonal wind profile from Cassini [ref.8].

(d) Combination of the 3 charts across the whole NTB-NTZ, with the zonal wind profiles revealed by 4 spacecraft. The graphs show:
NTB (25-31ºN): Our points fit well on the profiles, plus some further south in the belt.

NTZ (31-34ºN): Most of our points agree well with a consensus of spacecraft profiles, & especially with NH (2007, just before NTB outbreak).  (Projections, shown as mauve points, are not expected to fit on the same gradient.) But the cluster of fast points still seems anomalous.

NNTBs (35ºN): Most of our points cluster around the jet peak, with a hint of an anticyclonic

gradient if the peak is at 35.3ºN (Voyager profile).  There are several slower spots in 

the same latitude, esp. no.1 (first in outbreak).  No.3 (35.9ºN) was clearly odd.

 (The differences between the spacecraft profiles are greater than our deviation from any one of them. There is a systematic offset between the  HST and Cassini profiles, presumably an error.)

Fig.4:  Sequences showing aspects of the NTD and adjacent regions.  All frames extend from NEB (at top) to N3TB (at bottom). South is up in all images. 
(a)  The miniature NTD-like sector in June.  At left, dark streak 2.  F. it is a mini-rift (where Streak 4 would later form), adjacent to NTZ spot Z3.  F. this is a tiny d.s. retrograding on the NTBn jet (green arrow), and several dark spots in NTZ, one of which is prograding (blue arrow).

(b)  P. end of the NTD in June and July. The p. end is marked by an oblique dark streak (pink arrow).  V-hi-res images show the narrow but very turbulent rifts f. it alongside NTBn dark streaks. Also note the first NNTBs jetstream spot (no.4) prograding within the NTD soon after its first appearance (see also June map in Fig.2), then exiting the NTD.  Also note the long-lived Little Red Spot in NNTZ. 
(c) F. end of the NTD in July-August, showing recirculation of a NTBn jetstream spot.  There is a small dark spot (Z13) fixed at the f. end of the NTD.  Z12 is a large dark spot near-stationary in NTZ.  Z7 is a prograding dark spot in almost the same latitude, which emerged from Z13 on July 19.  On Aug.3, Z7 collides with Z12 but squeezes past its N edge, emerging as the smaller, stationary spot Z11.

Meanwhile, retrograding dark spot NTBn-1 (the first one ever observed with full jetstream speed, DL2 = +72; black arrow) arrives at Z13, and does a loop around it, Aug.1-9, emerging in NTZ as a small prograding spot, Z8; and Z13 becomes more prominent. 

Fig.5:  Sequences showing interactions of spots within and f. the NTD in October.
(a)  Images within the NTD, showing interaction of Z9 (prograding dark spot in NTZ) with B2 (new NTC dark spot on NTBn). The two spots collide on Oct.10, and both disappear; then on Oct.19, B2 is replaced by a similar spot a few degrees p. (B3).  Oblique pink arrows indicate miniature rifts in NTB, which probably created the retrograding NTBn spots shown in (b). 
(b)  Images of the f. end of the NTD, the recirculating NTBn dark spots, and reddened Streak-3.  This activity, identical to that observed in the NTD earlier, represents an extension of the NTD to higher longitude, possibly initiated by the convective activity of the mini-rifted region. On Oct.26, there are at least 6 tiny dark spots retrograding in the NTBn jetstream; they may have emerged from the miniature rifted region on the p. side (oblique pink arrow).  NTBn-3 has the highest speed ever observed in this jetstream (DL2 = +97).  Three of these NTBn jetstream spots (NTBn-2,-3,-4) each merge with another such spot and recirculate into the NTZ: NTBn-2 at the f. end of the NTD, NTBn-3 and -4 at the p. end of a red bar in NTBn. (This red bar is Streak 3, formerly very dark grey-brown: an excellent example of a dark streak becoming red just before it disappears.)  There are also numerous NNTBs jetstream spots entering this region.

Fig.6.  Model for the dynamics of the NTD.    
