Jupiter in 2010: Report no.9,  2010 Sep.28 
Jupiter in 2010:  Interim report: Northern hemisphere

John Rogers, Hans-Joerg Mettig, Gianluigi Adamoli, Michel Jacquesson & Marco Vedovato 

(BAA & JUPOS project). 

Summary

This is the second half of an interim report on the phenomena recorded in amateur images of Jupiter in the first half of the 2010 apparition.  


In the North Tropical Region, changes continue across the NEB.  Most of the large NEBs dark features have disappeared and extraordinary super-fast motions (up to DL1 = -78 deg/month) have reappeared.  Several distinct NEB rifts are very conspicuous and dynamic, often interacting with barges.  New barges and white ovals have appeared in the aftermath of last year’s NEB broadening event.  A merger of two anticyclonic white ovals was better observed than any previous event of this kind. 

In the narrow residual N. Tropical Zone, the drift rate of a narrow blue band has been estimated for the first time, revealing a rapid drift on the flank of the NTBs jetstream.

In the North Temperate Region, the N. Temperate Disturbance (NTD) still existed up till August, with an active rifted region at its p. end confirming that this is a key component of a NTD.  However, very few retrograding or recirculating spots could be found, which may be why the NTD now appears to be clearing away.  Meanwhile there is continuous intense activity of spots in the NNTBs jetstream.

In an Appendix, the NTD is described in more detail.  This leads to a general conjecture about the behaviour of anticyclonic dark spots in zones on the planet: that they are unusually free to wander in latitude and thus in speed, possibly because they are only shallow vortices, compared to other types of spots which are more stable and possibly deeper. 

This is the second part of our interim report; see the first part (Report no.8) for introduction and acknowledgements.
N. Tropical Region:
NEBs: Reappearance of super-fast motions
Last year, large dark formations (projections and plateaux) reappeared, but most of them have not lasted long.  Figure 13 shows the appearance in 2010 July-Sep.  There were still four major dark formations – long low plateaux – from L1 ~ 40-160 (Aug.1), and a conspicuous projection near L1 = 330.  Even these seem to be subsiding in Sep.  They are still retrograding, DL1 ~ +13. 

As the major formations diminished, a few dark features appeared with DL1 = -29 to -36 deg/mth; and then, some with DL1 up to -78!  A detailed analysis of the first one, in July (Fig.14)  confirmed that one small but normal-shaped projection/festoon moved with DL1 = -78 (July 22-31).  Preceding it were two other projections with DL1 ~ -44 and -49.  In August, the last slow-moving projection in the sector L1 ~ 180-310 disappeared, leaving only small tenuous festoons.  At least some of these were moving with DL1 = -75, and the trend of other points on the chart suggests that this has been the dominant drift rate throughout the whole sector.  Such rapid speeds have only been observed once before, in 2008 [http://www.britastro.org/jupiter/2008report06.htm], but we now suspect they indicate the surfacing of the full-speed NEBs jet when the major formations are absent. 
Several small white spot eruptions in the NEBs have been noticed, arising as NEB rifted regions pass NEBs projections.  One, pointed out by Rolando Chavez, appeared on July 20, at L1=98, then broke thru into the EZn on July 24. Then at the start of August, white spots erupted in two adjacent NEBs dark projections at L1 = 40-60 in the wake of a passing rift (producing what Dave Tyler called ‘railway arches’). We have noticed similar white spot eruptions just f. NEBs plateaux before, but they are not often covered in detail as they are small and quickly evolving. This phenomenon is probably common (and is evident in the Cassini movie), but is worth further study. It suggests that turbulent cyclonic lanes (rifts) produce powerful thunderstorms (bright spots) as they pass the edge of large cloud-free wave structures (dark projections). 

NEB Rifts:

By the end of 2009, rifting had extended all around the NEB.  Rifting has still been extensive in 2010, but increasingly focussed into several distinct rifts, which move rather slowly. (Fig.15).  The main rifted regions have DL2 ~ -36 to -74 deg/mth, though there may well be faster motions within them.  Accordingly, they are centred quite far north in the NEB.  Highly active rifts can be seen in many of the figures in this report.  


Casual inspection of images suggests that rifts often appear or revive with a small brilliant white spot adjacent to a barge, which is then stretched cyclonically (anticlockwise) around the barge.  Examples include:

--White spot appeared near a barge at L2 ~ 200 on Aug.23, then spun around it on Aug.28-30.
--White spot approached a barge at L2 ~ 300 then spun around it on Aug.26-28; then another bright white spot at L2 = 295 on Aug.31, which extended an orange filament around a barge at that location on Sep.3-5. (Just f. the merging AWOs in Fig.18)

--White spot on Sep.5, in contact with a barge at L2 = 77, then spun around it by Sep.11. 


One new rift appeared spectacularly in June, beginning as a white spot on June 10 beside, or quite possibly within, a barge at L2 = 293 (Fig.16).  (The white spot was absent on June 9 in amateur images; however the HST image on June 7 shows the barge, and it has white clouds within it which may well be the first sign of the rift eruption! This barge was not visible after June 9, as the rift developed.  Note the similarity to SEB outbreaks erupting in barges.) 
NEBn: The appearance and merger of AWOs  (Fig.17):

White spots Y and Z (WSY and WSZ) are still present, forming a stable triplet with a dark barge between them: DL2 = -5 deg/mth.


As expected after the NEB broadening event, a chain of new barges and anticyclonic spots has developed within the NEBn.  Three new barges had formed by the start of the apparition in April, and another two formed in June-July, producing a chain of five barges 20-40 deg. apart, separated by small dark anticyclonic spots (some of which were oscillating), or further f. by AWOs (‘portholes’). (There were also two pre-existing barges.) 


Further f., two portholes were rapidly prograding.  One of these reached DL2 = -29 deg/mth in June, and on June 10 spectacular outbreaks of new rifts occurred p. and f. it.  (The rift p. it replaced a barge: Fig.16).  All this activity then comprised a fast-moving sector, from L2 ~ 280 to 50, within which all features were moving with DL2 = -18:  rift, porthole, rift, and then another porthole and rift. While this drift is fast for portholes, it is exceptionally slow for rifts, which accordingly had an unusually northerly latitude.  This arrangement persisted until late July, although the rifts were gradually expanding and spilling around the leading porthole.


 In late July, both of them decelerated – the leading one (at L2 = 283) apparently because it had approached to just 14 deg. f. a slower-moving AWO.  These two rebounded, but then converged again, and in late August they merged (Fig.18). 

This merger was covered extremely well.  The ovals did not orbit round each other before merging, but spiralled together within a single outline within one day (Aug.27-28).  The merging oval still had a ‘yin-yang’ shape for a few days, with the internal boundary varying from day to day, up to Sep.3, when it threw off a small white cloud on the f. side (which elongated over the next 2 days then disappeared). After Sep.3, the merged oval has been single, though dull and diffuse (up to Sep.12). Meanwhile, a new dark barge appeared S of the merging oval on Sep.2 and elongated in the f. direction for a few days, but then became tangled up in a vigorous prograding rift, which is probably now destroying the barge.  

No other merger of AWOs has been covered at such high resolution, especially none on NEBn.  The previous best-observed merger of NEBn AWOs was in 2006 June-July [http://www.britastro.org/jupiter/2006report10.htm]: it  involved white spot Z and a smaller oval p. it, which shrank to a tiny spot as it approached WSZ, and apparently squeezed past WSZ before disappearing.  A similar event may have happened in 2006 Sep., and two mergers of other AWOs (not WSZ) in 2007 Feb; these events just before and after solar conjunction were not fully documented.  However we need to review the records of these events, and previous ones if any, in the light of this year’s perfectly observed event. This may have been the first on NEBn that involved two ovals of equal size.  The appearance of the (briefly) retrograding barge is very interesting as it fulfils the prediction of P. Marcus’ model of mergers; this was also confirmed in a merger of SSTZ AWOs [Rogers et al. (2006) Icarus 185, 244-257:  http://www.britastro.org/jupiter/icarus.htm]. 
NTropZ:  Rapid winds on the flank of the NTBs jet:
A narrow bluish North Tropical Band has developed, consisting of a chain of tiny dark streaks in v-hi-res images, which can be seen moving at very high speed.  Measurements on the Aug.18 blink pair of images [Fig.4] gave DL1 ~ -45 (+/-20) deg/mth.  The features measured were at 22.0°N, on the southern edge of this band, but they appear to represent the motion of the little dark streaks that comprise the band itself, at 22.8°N.  The speed is very close to the Cassini value for this latitude, on the S side of the NTBs jet.  The jet peak itself, normally at ~23.7°N, is presumably still much faster, but cannot be traced this year.  

N. Temperate Region:
NTB: N. Temperate Currents A and B. [Fig.19]
Many tiny dark spots are prograding in the NTB with DL2 = -62 to -72 deg/mth, p. the N. Temperate Disturbance (NTD). This corresponds to the N. Temperate Current B (NTC-B).  The spots appear ~40 deg. p. the rifted region at the p. end of the NTD, and are no doubt being produced from it, as in 2009. 

Otherwise, almost all features in the NTB and NTZ are moving with the NTC-A, DL2 ~ +18, apart from the numerous spots on the NNTBs jetstream (see below). 
N. Temperate Disturbance (NTD):  Rifting continues, recirculation declines, NTD clears.  [See Appendix & Figures 19-22 for details] 
The NTD is a region where the NTZ is largely darkened by shading and/or small dark spots.   At its p. end there is still active though small-scale rifting in the NTB.  One spot has been seen retrograding in the NTBn jetstream, but otherwise there is no sign of the abnormal prograding and retrograding motions that were recorded last year in the NTD. Perhaps as a consequence, the NTD has now (2010 Sep.) largely cleared.


One interesting event was identified in the NTZ outside the NTD: a pair of small dark spots which merged, in May [details in Appendix] [Fig.22].  The merged spot (DS1) then oscillated in speed and latitude, and then contacted a NTBn projection and reversed its drift from retrograde to prograde—the only such event that we have seen in 2010.  There was good correlation between speed and latitude throughout these events. 

N.N.Temperate Region to N. Polar Region
NNTBs jetstream spots: Exceptionally intense activity 

Many NNTBs jetstream spots are tracked at all longitudes except within the NTD.  They have DL2 = -80 to -87 at most longitudes. There are typically ~20-25 of them around the planet, not including the NTD.  Most of the tracks start near the p. end of the NTD, with DL2 = -77, and at least some can then be seen to accelerate to the normal speed.  They then continue all around the planet (except for the few weeks when DS1 was prograding in the NTZ; they disappeared on reaching it). 

 
Only a few have been tracked into the NTD, but image compilations (e.g. Figs.20 & 21)  indicate that probably these spots all penetrate through the NTD, but have not been measured here because the region was complicated and low-contrast.  Three were tracked across it, decelerating to ~-77 as they approached it and then (in 2 cases) to -64 in the middle of the NTD.  

NNTZ: The long-lived ovals  
NN-LRS-1 had a steady drift, DL2 = -9 from 2009 Sep. to Dec., despite colliding with two smaller ovals (AWOs) during this period. Then it had a steady DL2 = -12 from 2010 Jan. to July.  It was still strongly red, although not so obviously as last year, mainly because the colour became restricted to a smaller central oval (Fig.20). But the colour also weakened, so by Sep. it was only slightly redder than its surroundings.  A long-lived methane-bright AWO in NNTZ, WS-4, also persists.

NPR:  The filamentary regions resolved

From spacecraft imaging we know that sprawling turbulent cyclonic areas (‘Folded Filamentary Regions’: FFRs) are a permanent, widespread feature of the NPR.  V-hi-res images in mid-Sep. by Peach, Wesley, and Combs managed to resolve them into innumerable chaotic spots, and to show rapid changes in them. These have been displayed by Vedovato as polar projections (Fig.23), which allow the chaotic motion of the FFRs to be tracked, insofar as their rapid chaotic changes allow.  The latitudes of these regions, and of adjacent white ovals, fit perfectly between the mean latitudes of prograde jets as revealed by spacecraft (47.4, 55.8, 63.8 deg.N), confirming that the images detect cyclonic FFRs from 47-55 deg.N and 56-62 deg.N, and AWOs at 45, 54 and 62 deg.N. 
______________________________________________________________________
Appendix:  North Temperate Disturbance (NTD) in 2010, and a general conjecture about the behaviour of anticyclonic dark spots 
John Rogers

SUMMARY:


The N. Temperate Disturbance (NTD) is a region where the NTZ is largely darkened by shading and/or small dark spots.   At its p. end there is still active rifting in the NTB, confirming that this is a necessary feature of the NTD.  However, apart from one spot tracked in the retrograding NTBn jetstream, there is no sign of the abnormal prograding and retrograding motions that were recorded last year in the NTD. Perhaps as a consequence, the NTD has now (2010 Sep.) largely cleared. 

I propose that anticyclonic dark spots generally – when present in the NTZ, STZ, NTropZ, or STropZ – are unusually free to wander in latitude and thus in speed, following the zonal wind gradient. In this they differ from other types of spots, which are more constrained in latitude and speed.  The difference may be because anticyclonic dark spots are shallow, like jetstream spots, which are the same type of spots but trapped against a jet. 

The North Temperate Disturbance: Introduction

The NTD appeared in 2009, and our analysis of it then [http://www.britastro.org/jupiter/ 2009report08.htm] led to a model of the NTD involving two processes: NTB rifting, which generates the p. end of the NTD plus disturbance on the retrograding NTBn jet; and recirculation at one or more NTBn projections, which generates the f. end of the NTD.  In 2010, NTB rifting has indeed continued to be a major feature of the p. end of the NTD.

Reviewing the few hi-res images available of historical NTDs, there was also extensive NTB rifting along the NTD of 1973-74, in images from Pioneers 10 & 11.  Images of the NTDs in 1952 (Mt. Palomar), 1990 (Pic du Midi), and 1997 (HST), did not have sufficient resolution to prove rifting activity although suggestive streaks were present. So the observations are all consistent with rifting being a necessary feature of the NTD (although it is not a sufficient feature, as HST and Cassini images often showed NTB rifting when no NTD was present). 
On the other hand, disturbance and recirculation on the NTBn jet cannot be identified without longer sequences of v-hi-res images. We have found little sign of these processes in 2010, although the images are very satisfactory – which is probably why the NTD has now subsided.  

The NTD in 2010

In a search for these unusual motions, extensive compilations were made of images of the p. and f. ends of the NTD in July and early August.  Small excerpts from them comprise   Fig.20  and  Fig.21.  However, with one or two exceptions noted below, all the spots are moving with the NTC-A or with the NNTBs jetstream. They do not recirculate nor collide.  Details are as follows. 
NTD (p. end):  [Fig.20] 
The NTB rifted region is still present alongside the p. end of the NTD: small in scale, but packed with many tiny and rapidly-changing bright spots in v-hi-res images.  
Details:   A dark spot in the NTZ, at the Nf. end of the NTB rift, seems to mark the p. end of the NTD.  It drifted with NTC-A in July [L2=250 (July 5) to 263 (July 26)]; then it got caught in a retrograding stream from the rift for a few days, but it reappeared at L2 = 268 (Aug.6-9).] Five NNTBs jetstream spots were tracked in July-August prograding within the NTD then passing this spot and exiting the NTD. Only the largest two of these were visible transiting the NTD on the JUPOS chart; others were too obscure to be measured within the NTD.  One of them duplicated as it passed the NTZ dark spot (July 10), but the two ‘daughters’ merged again on July 17.  The other jetstream spots were not obviously affected; and others followed them in August.

Thus, NNTBs jetstream spots were passing thru the NTD en masse, though with decelerated drift – which may make them more crowded, and may connote altered latitude. 

NTD (f. end):   [Fig.21] 
This is adjacent to a long, pale orange oblong in the NTBn (at L2 ~ 20-50 on July 19).  The chart shows that this developed from one or both of the very dark streaks that existed last year: Streaks 3 and 4.  Streak 3 had turned red and disappeared in 2009 Oct-Nov., and as a residual projection it became the new f. end of the NTD.  This was still the arrangement in 2010 Jan., with Streak 4 still very dark f. it.  During solar conjunction, Streak 4 probably reddened and faded in turn, and became the orange oblong. 

The f. end of the NTD in 2010 June-August was a large dark area spanning the NTZ around the p. end of this oblong. In compilations of images, dense crowds of streaks and spots in the NNTBs jetstream were prograding into it and passing through into the NTD.  There was no clear evidence for recirculation, but the spots were rapidly changing their appearance as they passed through the complex dark area.  One spot was identified in the NTBn jetstream, DL2 = +75 deg/mth (July 13-18), 33 deg.N, running up to the f. end of the NTD, where its fate was unclear.  

In early Sep., the NTD seems to be clearing. Towards its f. end the NTZ contains 3 grey spots in the NTZ, with NTC-A drift, but no large dark mass any more; and an endless parade of NNTBs jetstream spots prograding past them without evident interaction.  As the NTD clears, the dark bars of NTBn alongside it have become extremely dark. 
Unusual dynamics outside the NTD:

One interesting event was identified in the NTZ outside the NTD (G. Adamoli): a pair of small dark spots which merged, in May. [Fig.22]  The merged spot (DS1) then oscillated in speed and latitude, and then contacted a NTBn projection, swung north and reversed its drift from retrograde to prograde. 
DETAILS (from analysis by Gianluigi Adamoli):  Two small dark spots moving with NTC-A (DL2 = +27, lat.31.9 N) halted and moved N from 32 to 33 N, merging in mid-May at L2=84 (DL2 ~ 0, lat.32.7 N). The resulting dark spot (DS1) resumed retrograding with the NTC-A (DL2=+32, lat. 31.9 N, with marked fluctuations in which speed and latitude were still correlated*.  But it halted in July and then shifted N and reversed its drift when it contacted a (rather inconspicuous) NTBn projection, and thereafter prograded (DL2 = 
-29, lat. 33.4 N).  This prograding DS1 blocked NNTBs jetstream spots.  In early August, it came alongside a very dark NTBn barge at L2 = 115, and faded to a faint point, which disappeared on Aug.9-10, probably by merging with a passing NNTBs jetstream spot whose speed was unchanged. 

This is the first such event we have found in 2010, similar to the behaviour of NTD-related spots last year, though it was not associated with any large-scale NTD structure. 

The detailed lat-vs-speed chart (Figure), shows that the movements of this spot precisely paralleled the zonal gradient from spacecraft. The speed ranged between DL2 = -27 and +53, the latter value being at 31.4 deg.N, on the peak of the NTBn retrograding jetstream.

A general conjecture about the behaviour of anticyclonic dark spots
Spots on Jupiter may be dark or bright, and cyclonic or anticyclonic.  Anticyclonic dark spots (ADSs) are perhaps the least well known class, apart from the jetstream spots (ADSs which travel along jets at almost peak jet speed).  ADSs away from the jets are seldom abundant or conspicuous.  In 2009 and 2010, we have observed them in several zones, and the results suggest the following generalisations about them.   
--They often wander in latitude and in speed;

--They sometimes oscillate;

--These wanderings follow the zonal wind gradient established by spacecraft;

--They readily merge.

These properties differentiate them from other classes of spots, which are more stable in speed (in the slow current for the domain) and in latitude.  I therefore suggest that ADSs, unlike other spots, are not stably constrained to a characteristic latitude or speed.
This conjecture has yet to be tested by a thorough survey of our data for recent years, but is at least broadly consistent with our reports in recent years as follows:

NTZ:  In 2009, various dark spots in the NTD and similar formations. This year, DS1.  

NTropZ:  In 2009, the prominent dark spots produced at the two initial sources of the NEB broadening event, and several smaller later ones.  This year, 3 small ADSs persisting in the expanded NEB.  Similar prominent ADSs called Little Brown Spots have been observed in earlier years, esp. at the onset of NEB broadening events.  These ADSs do  not merge (because they are always trapped between barges) but they often oscillate.
STropZ:  In 2006, retrograding spots wandering off the SEBs to recirculate in the STropZ, which may have initiated the STropDs of 2007.  In 2007, the spots recirculated at the STropDs, but did not reach the full STBn jet speed; they had various latitudes and mostly merged. 

STZ:  In all years, slow-moving or retrograding dark spots Sf. dark STB segments, which sometimes accumulate in one very dark ring at the Sf. end.  In 2010, especially, the merging spots Sf. STB-2. 

[See also Footnotes 1 & 2.]

Jetstream spots are ADSs, but they appear to be trapped alongside the peak of the jet. This may be because they are attracted towards it but cannot penetrate it.  All ADSs are anticyclonic vortices, and often appear as rings rather than solidly dark spots. 
Why should ADSs be unstable in latitude and speed, while other classes of spots are more stable?  I suggest that ADSs are shallow (i.e., not extending much below the visible cloud layers).  This extends a previous conjecture [JHR book p.260 & p.270] that jetstream spots are shallow, whereas stable ovals and barges extend much deeper.  Jetstream spots were suggested to be shallow eddies because of their behaviour in Voyager time-lapse sequences. On this model, ADSs including jetstream spots are shallow vortices, comprising little air mass, and fully entrained by the jets and  zonal wind gradients that are observed at the cloud-tops.  Conversely, anticyclonic white and red ovals are thought to extend deep, especially red ones [Rogers JH, Adamoli G & Mettig H-J (2009) JBAA, in press: [http://www.britastro.org/ jupiter/newpress.htm]].  They have a speed-vs-latitude relation which is much less sensitive, and dependent on the size of the oval, such that they all move with a speed close to the slow current. 
_____________
Footnote 1:

The behaviour of ADSs is reminiscent of that of hurricanes on Earth, in spite of the great difference from jovian meteorology.  Although hurricanes are of course cyclones, they likewise follow a generally anticyclonic course (from westward to northward in the northern hemisphere), guided both by the prevailing winds and by the Coriolis effect; but with unpredictable swerves, as they slide laterally over the surface of the ocean.  

Footnote 2:

In each domain, non-jet ADSs commonly originate, directly or indirectly, from a turbulent belt segment, and thus cross the local retrograding jet to appear in the zone.  Thus: 

NTZ:  Rift in NTB --> NTBn jet disturbance --> recirculate into NTZ in NTD.

NTropZ:  Rift & barge in NEB --> outbreak directly across NEBn creating large ADS.*
STropZ:  Rifts in SEB  --> SEBs jetstream spots --> recirculate into STropZ. 

STZ:  Turbulent STB --> retrograding ADSs in STZ.

Alternatively they may occasionally arise from spots on the prograde jetstreams (NNTBs into NTZ, STBn into STropZ), although movement in this direction seems to be uncommon.  
*The observations of large ADSs (Little Brown Spots) being formed by clouds from ‘rifts’ ejected directly across the NEBn retrograding jet have always been puzzling. These events are easier to understand with this hypothesis that they are entirely superficial, with the retrograding jet proceeding undisturbed underneath. 
________________________________________________________________________
Figures [see separate files]: 
Fig.13.  Maps of the equatorial region, 2010 July-Sep, aligned in L1. 

Fig.14.  Rapidly moving projection on NEBs, 2010 July. The speed was DL1 = -78 deg/mth.  Two other minor projections p. it had DL1 = -44 and -49 deg/mth.

Fig.15.  Maps of the NEB, 2010 July-Sep., aligned in L2.  Rifts are marked A to D above.  Prominent AWOs are identified at bottom.

Fig.16.  Development of a new rift in the NEB, associated with a barge and AWO.  The first white spot (blue arrow) appears on June 10, in or adjacent to a barge at L2 = 293, which is never seen again.  A second white spot (red arrow) appears adjacent to it within a few days.  The rift then expands but its brightest region does not move far from its source.  F. it is a rapidly prograding AWO (red arrowhead), and a second rift appears f. the AWO on the same date.  The rifts eventually expand and merge to form Rift C (Fig.15), spanning this AWO and another AWO p. it.  These two AWOs subsequently merge (Fig.18).  
Fig.17  = {+14/+17/+21_composite.tif}:  JUPOS chart of the NEBn/NTropZ, with maps identifying the more stable spots.  For more maps see Fig.15. 

Fig.18 = {NEBn-AWOs-Merger_2010aug_finalset.jpg}.  Merger between two AWOs in the NEBn, 2010 August, at L2 _ 270.  
Fig.19 = {Fig_+29+33_labeld.tif}   JUPOS chart of the NTBn/NTZ (29-33 deg.N), with maps identifying the NTD.  On the chart, mauve bands identify the p. and f. ends of the NTD (the f. end shifted 50 deg. f. in 2009 Nov.).  Brown lines and green points represent features in the NTB at latitudes 25-29 deg.N: the rifted region at the p. end of the NTD, and a line of small dark spots prograding from it in the NTB.  Grey shading indicates prominent dark streaks on NTBn ( <  >, p. and f. ends). 
Fig.20.  P. end of NTD. (Excerpts from larger compilations.)

Fig.21.  F. end of NTD. (Excerpts from larger compilations.)

Fig.22.  Merger of two small dark spots in NTZ in May, creating DS1, which oscillated around a mean NTC-A track, before eventually recirculating to the N and prograding in late July.
Fig.23.  The extensive chaotic activity in the NPR.  North polar projections from images by Damian Peach and Brian Combs, Sep.13-20, in which the chaotic cyclonic folded filamentary regions (FFRs) of the NPR are resolved and tracked.  The first image is repeated with FFRs roughly outlined in light blue, AWOs arrowed in pink, and lobes of the N. Polar Hood outlined in mauve; and a zenographic latitude scale. The observed structures fit precisely into the domains as expected from the  latitudes of the prograde jets.  White ovals are all anticyclonic (AWOs), just S of the jets. Folded filamentary regions (FFRs) are cyclonic but fill virtually all of the high-latitude domains.
