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Multispectral imaging of the EZ and NTB coloration events
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This is a preliminary account of multispectral images in 2012, especially in the methane absorption waveband at 889 nm. These images can give important information on the different cloud layers on Jupiter.  Methane-band images from 2012 June have been posted with our Report no.1.  Herewith is a montage of images from 2012 July (Fig.3), plus some v-hi-res ones from the Pic du Midi in early August (Fig.4).  This account also puts them into the context of methane images over the past 5 years (Fig.2) (and we are posting a similar account for 2007 as the latest item in the ‘Reports, 2007’ pages on this web site).  
The special interest this year is the widespread coloration event, and especially the strong reddish colour on the EB and the revived NTB(S).  The paradigm (dating back to similar coloration events in the earliest years of methane imaging in 1968-72) is that reddish colour is due to a high-altitude haze, which is thus bright in methane images. In 2007 and 2012, we have the chance to investigate how far this paradigm is consistent with modern hi-res imaging. We find that it is not very consistent after all. 
This is only an interim account, as we have not had time to compile or assess multispectral images systematically in recent years.  Any conclusions are subject to confirmation from more thorough analysis that would also assess the different selectivities of different methane-band filters.  If any of the multispectral imagers would like to compose any reports themselves on these images, they would be very welcome. 

Images are taken in various wavebands from ultraviolet (UV) to infrared (IR), especially in the methane absorption waveband (CH4).  UV images are very sensitive to reddish colours, which appear dark as they are produced by enhanced absorption of UV and blue light (which may represent spreading into the visible spectrum of the omnipresent absorption of UV light by thin haze).  Methane images show high clouds and hazes as bright, because they are above most of the methane absorption in the atmosphere.  Because the planet is so dark in UV and methane wavebands, exposures have to be long and these images have comparatively low resolution, even with modern technology.  In contrast, images in the IR continuum or I-band (~740 nm to 1 micron) have plenty of light,  reflected from the visible cloud-tops or slightly deeper, and reddish features are bright in red or IR light. 

The EZ and EB in methane images
There is usually a methane-bright haze overlying much or all of the width of the EZ, but its boundaries do not coincide exactly with those of the visible EZ, and it appearance is controlled by several largescale variations:

i) Gradual shifting of the boundaries of the ‘methane-bright EZ’ over a timescale of years.  
ii) The S. Equatorial Disturbance (SED), which often had a methane-dark ‘stormy sector’ of EZ(S) preceding it, at least up to 2008.

iii) Possibly also variations connected with festoons, plumes, and coloration events?

In 2007, dark grey-brown shading filled much of the EZ, which I interpreted as a coloration event associated with the global upheaval of that year, since it seemed to be different in colour and extent from the blue-grey streakiness that more commonly appears in association with the festoons from the NEBs.  Indeed, multispectral images showed that it was UV-dark and methane-bright, consistent with a high-altitude reddish haze. However its greyish-brown colour suggested that it was accompanied by clearing of deeper clouds.
The gradual changes since 2007 can be seen in Fig.2, a sample of methane-band images by one observer from 2008 to 2011.  In 2007, most of the EZ was methane-bright. In 2008 and 2009, the EZ(N) became duller in methane, indicating increasing disruption of the haze layer. (The dark NEBs ‘projections’ were then methane-dark as well, even though they were not always prominent visually; in many previous years, these features have been obscured by the methane-bright haze.)  In 2010, the whole EZ was much less methane-bright than usual, and in 2011 the pattern had reversed, so that now the a strip of EZ(N) was methane-bright while all the rest was dull.  This pattern is still seen in 2012, although even EZ(N) has many methane-dark streaks. Moreover, the methane-bright EZ(N) extends several degrees over the visibly dark NEBs (see Table 1), which is quite common though unexplained.
Thus the new orange EB is surprisingly quite dark in methane. It is not uniformly so: the darkest parts coincide with blue-grey streaks along its edges, as though these streaks are very methane-dark while the orange haze itself is methane-transparent.   

In UV images, as expected, the new orange EB  is notably dark, and even the sector which is not strongly coloured visually is fairly dark in UV.  The order of darkness of belts in UV appears to be approximately:


SEB = NTB(S) > NEB = EB (strong) > NTropZ (dusky) = EB (weak).

The NTB in methane images
The methane-dark NTB was still present in its usual latitudes in the years up to 2007 when the NTB was visibly whitened.  It approximately coincided with the canonical latitudes of the NTB between the NTBs and NTBn jetstreams, suggesting that the high-altitude haze is controlled more by the dynamical pattern than by weather changes in the main cloud layers. 

In 2007 April-May, after the NTBs outbreak, it did not change, even though the strongly reddish NTB(S) developed overlying its south edge.  But by early June, the reddish NTB(S) was all methane-bright, and increasingly masked the methane-dark belt. By 2007 Sep., the NTB had largely faded away in the methane band.  It remained very faint in 2008 and 2009.

In 2010 and 2011, as the reddish NTB faded to become merely a pale strip, a narrow methane-dark NTB(S) reappeared, but it coincided with bluish streaks in the NTropZ (23ºN) rather than the canonical NTB(S)—as though methane-bright haze still obscured the middle part of the NTB.

With the NTB revival in 2012, the major part of the NTB is again methane-dark (25-32ºN; Table 1), including the central strip which now appears to be visibly bright due to micro-scale rifting.  However, the new orange NTB(S) (23-26ºN) overlaps the methane-dark NTBs edge (25ºN); i.e. the southern part of the NTB(S) is methane-bright, but the northern part is not.  This is consistent with the same stage in 2007, showing that the new reddish NTB(S) in its early stages is not necessarily methane-bright. Along itse northern edge, either the haze is so thin as to be methane-transparent, or it lies deeper than expected. We may expect it to wholly methane-bright over the coming months, as it did in 2007-2008.
Conclusions
Overall, there is not a strong correlation between the visible colour and methane brightness.
In the EZ, it has long been known that the visible colour can vary between or within coloration events, from bright yellow or orange to dull brown. The events of 2007 and 2012 illustrate the colour range, and also have very different appearances in methane images.  So these coloration events clearly involve changes in multiple cloud layers.  Even if a high-altitude reddish haze is often present – as in the NTB from mid-2007 to 2009 – it is sometimes too thin or too low to appear methane-bright, and it is sometimes accompanied by clearing of the deeper clouds which adds a darker, brown or even grey tone to the visible colour.  Professional imaging at 5 microns will reveal what happens at deeper cloud levels as well.  These events are complex weather patterns that can affect multiple cloud layers in various ways. 
_______________________________________________________________
Table 1. Latitudes of belt edges in UV, visible, and methane bands.
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Zenographic latitude measurements were made by Gianluigi Adamoli on 8 multispectral image sets between July 11 and August 10, taken by T. Akutsu, C. Go, D. Parker, and by M. Delcroix et al. at the Pic du Midi; and also on visible-light images by F. Willems and D. Peach. Some outlying values are omitted. Blue and UV images gave indistinguishable results and are grouped together. 
@Values in boxes appeared to be bimodal.  For NEBs in RGB images, low latitudes represent S edge of long dark streaks. For NTBn in UV and blue images, the edge is very undulating. The large scatter for the NEBs in methane images indicates true variability between ~10 and 13ºN. 

_______________________________________________________________

FIGURES:
Fig.1.  Changes in Jupiter’s belts, 2007-2012, in visible colour maps. Cylindrical projection maps made in WinJUPOS are aligned to show the changing latitudes of the edges of the belts.
Fig.2.  Changes in Jupiter’s belts, 2008-2011, in methane-band images (each one paired with a visible colour image).  For consistency, all are by Tomio Akutsu, except for one by Chris Go,  included to show that different filters gave similar results.  Akutsu used a filter with bandwidth 6.5 nm (centred at 893 nm) up to 2009, and one with bandwidth 15 nm (by IDAS-Japan) from 2010 onwards. 
Fig.3.  Multispectral sets in 2012 July. 

Fig.4.  Multispectral sets in 2012 August from the Pic du Midi, by F. Colas, J-L, Dauvergne, M. Delcrix, T. Legault and C. Viladrich (copyright as indicated). (a) August 8; (b) August 10 (with colour image by Damian Peach). The images have been sharpened, so the raw (un-enhanced) methane-band image is also included to allow better assessment of the relative intensities.
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