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A report of the Jupiter Section (Director: John H. Rogers)

During this very favourable apparition, there was increased activity in several regions on Jupiter, with
interesting events on both large and small scales. The most notable event was the merger of the last two
great white ovals in the South Temperate region, in 2000 March, leaving a single oval which is called ‘BA'.
There was also a remarkable ‘South Equatorial Disturbance’, developing progressively during the appa-
rition. It had a main complex manifested as a bright rift and dark bluish patch, which grew larger and
larger, and a stormy sector spreading on the prograding jetstream which covered more and more of the
circumference as the apparition progressed. The appearance of this disturbance was unprecedented,
but dynamically it resembled great white spots seen in 1979 and 1879.

The Equatorial Band and the festoons in the northern Equatorial Zone were much darker and more stable
than in recent years. Dark material also appeared to be flowing off the NEBn into the North Tropical Zone.
The NEB itself also appeared disturbed, both with persistent barges and bays on the north edge, and with

frequent internal bright rifts.

Introduction

The 1999/2000 apparition wasfavourablefor northern hemi-
sphere observers, with the planet at perihelion and quite far
north. Opposition was on 1999 Oct.23 at declination 10°N,
on the border of Pisces and Aries.

Thisreport followson fromthat for 1998/99.1 Aninterim
report including full details of the South Temperate ovals
merger was published in this Journal in 2000 August.2

Observations began with Miyazaki’sfirst images on 1999
April 24, elthough little could be resolved until June. Asusual,
Miyazaki sentimagesin colour, inwhitelight, andinthemeth-
ane band, atotal of approximately 600 altogether. The first
imageintheyear 2000 wastaken by |kemuraon 2000 January
lat 11.42 UT. Thelastimagewas Miyazaki’'son 2000April 17.

Severa other observers worldwide are now producing
excellent CCD images. These are measured using the PC-
JUPOS computer system, producing a database of unprec-
edented detail and accuracy. Asaresult, the account of local
features and drifts for this apparition, which comprises the
largest part of thisreport, isderived from CCD imagesalone.
Observersand recorders worldwide now comprise aninfor-
mal collaborative network linked by the Internet, with the
best imagersdistributing their imagesto usand to each other
viae-mail or Web sites. M easurement of images, and prepa-
ration of photomosaic maps and longitude charts, are done
using PC-JUPOS by Mettig and Peach (plus Nikolai’smeas-
urementsof hisownimages). Chartsof longitudeswere gen-
erated in the same way for both 1998/99 and 1999/00, and
many spots could be tracked between the two apparitions,
as noted in the tables of this report. The results showed
clearly that thereis no phase effect in the measurements.

Visual observations are complementary to the CCD im-
agery. The Jupiter Section continues to encourage observ-
ersat al levels to observe Jupiter visualy. For this report,
visual observations have been analysed by Foulkes, torecord
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what visual observers were able to see of the jovian phe-
nomena, to report colour and intensity impressions, and to
providearangeof illustrative drawings. Thefollowing ‘ Gen-
era Description’ section recordsthe appearance of each belt
and zone from both visual reports and images. As all CCD
images are enhanced for sharpnessand contrast before analy-
sis, colours and intensities seen in them should not be ac-
cepted uncritically, and visua reportsremain worthwhilefor
comparison. Additionally, advanced visual observersarestill
welcome to contribute detailed sets of observations that fit
into the feature-tracking programme; aset by Horikawahas
been included in this report.6 Section members have con-
ducted a discussion of the future role of visual observae-
tions34 and a new Section programme has been adopted
which reflects their complementary role (reference 4, and
Jupiter Section Web site).

Thevisua observersarelisted in Table 1A. Mario Frassati
provided some beautiful colour drawings (e.g. Figure 3B).
Makoto Adachi provided afine set of 136 drawings which
wereextraordinarily detailed, accurate, and artistic (e.g. Fig-
ures 6, 9, 19A). He saw many small streaks and spots that
eluded most other visual observers, including the S3TB, all
of the S.S. Temperate white ovals, the smaller S. Temperate
ovals, an STBn jetstream spot, the South Equatorial Distur-
bance as early as October, the incomplete North Tropical
Band, North Temperate dark streaks, and lo in transit ap-
pearing orange (October 9).

This report uses the usual nomenclature of belts and
zones.> Longitudes are measured in Systems| or 11, and are
abbreviated as L1, L2; central meridian longitudes, CM1,
CM2; drift rates, DL1, DL 2 (degrees per 30 days). To main-
tain the link between our reports and the direct experience
and history of visual observers, we continue to use longi-
tude System I1, and we will continue to publish images and
drawings with south up. (Conversion to System |11 iseasily
made using the information in the table footnotes.)
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Figure 1. Map of the planet, 1999 Oct. 14-15. Images by Miyazaki were projected into this map by Mettig using PC-JUPOS. South is up, as
in al figures. The white streak and black spot in the south polar region are a satellite and its shadow. Important spots are indicated. Asterisk marks
where the Little Red Spot on NNTBs is interacting with a NNTBs jetstream spot. The main complex of the South Equatorial Disturbance is
passing the Great Red Spot.

Figure 2. Two of the high-
est-resolution images ever
taken with an amateur tel-
escope, by Di Sciullo
(copyright Excelsior Op-
tics, Florida). Both show
the GRS.

Left: 1999 Sep. 30d 06h
50m (approx.), CM1=79,
CM2=46: Includes STZ
spot DS3, close to the
shadow of Ganymede,
and at right Ganymede
itself with surface mark-
ings visible (enlarged 2x).
Right: 1999 Nov. 16d
0lh 47m, CM1=121,
CM2=91: Includes ovals
BE and FA aongside the
GRS, with internal struc-
ture in oval BE.

Figure 3. Colour images of the sector p. the GRS, show-
ing the major S. Temperate spots, the new dark oval in
STropZ (on p. side), and the changes in the SEB.

A. Sep.5d 20h 23m UT, CM1=225, CM2=19 (Miyazaki).
On the STBs are DS2 (streak p. CM) and DS3 (streak f.
CM). SEB is dark orange-brown in its S half, and full of
tiny spots in its N half.

B. Sep.26d 23h 10m, CM1=47, CM2=37 (Frassati draw-
ing). Jetstream spots are now notable on the SEBs and
NTBs.

C. Nov.13d 12h 09m, CM1=27, CM2=17 (Miyazaki). S.
Temperate DS3 is now a ring, just p. the CM. There are
prominent jetstream spots on SEBs but internally the SEB
is unchanged.

D. Jan.10d 01h00Om, CM1=134, CM2=46 (Di Sciullo).
White oval BE is on CM, and FA is dull reddish f. it as it
passes the GRS. Northern SEB is now quieter and a dark
blue streak is appearing within it. (See Part Il for further
change in the SEB in March.)
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Figure 4A. Strip-maps of the S. and S.S. Temperate regions during the apparition, aligned on oval BE. Ovals BE and FA were still separate in
the last map but oval FA was obscure while passing the GRS. Images by Miyazaki were projected into these maps by Mettig. Marks are at intervals
of 50° longitude.

pearance in methane-band images, see Part |1 of thisreport,
as well as notes below on individual features in the North
Tropical and Temperate Regions.

Table 2A gives the visual colour estimates of the major
features. Colours of belts and zones were generally normal.
A number of observers made visual white light intensity
observations, asshown in Table 2B. In addition, Alan Heath

General description

Herewelist the appearance of belts and zones both visually
andin processed CCD images. (The*visua’ descriptionsdo
not include the extra detail shown in Adachi’s drawings,
which were comparable to good CCD images.) For the ap-

Table 1A. Visual observers, 1999/2000
T o —
e Observer Location Telescope
.
= P M. Adachi Ohtsu City, Japan 310mm & 600mm refl.
8 1 - G Adamoli et a* Italy 108mm OG
- L. Aerts Belgium 250mm SCT
A. G Bowyer Epsom 300mm refl.
L = R. Bullen Bognor Regis 210mm refl.
E. Colombo Brugherio, Italy 254mm refl.
E. Crandall Winston-Salem, USA 254mm refl.
P. Devadas Madras, India 360mm refl.
C. Ebdon Highams Park, London  254mm refl.
D. Fisher Sittingbourne, Kent 215mm refl.
U—eu,, e M. Foulkes Hatfield, Herts 203mm SCT, 203mm
OG & 254mm refl.
M. Frassati Crescentino, Italy 200mm SCT
D. Gray Kirk Merrington, Durham 415mm Dall-Kirkham
P. Grego Birmingham 250mm refl.
i E H. Gross Hagen, Germany 210mm & 250mm refl.
C. Harder Germany 250mm refl.
A. Heath Long Eaton, Nottingham 203mm SCT
i C. E. Hernandez Florida, USA 203mm SCT
!g K. Horikawa Yokohama, Japan 160mm refl.
iy i J. Knott Liverpool 216mm refl.
2] g L et - R. J. McKim Upper Benefield, 102mm OG 216mm refl.,
- - Northants 409mm Dall-Kirkham
2 = B Ll T P. Moore Selsey, Sussex 127mm OG, 318mm
J P oy L & C. Lintott refl., 381mm refl.
= P J. Mosch Meissen, Germany 130mm OG
BA P. Parish Rainham, Kent 102mm OG
o T T J. Rogers Linton, Cambs. 250mm refl.
noe 0+ | 1Py 100 S. Naylor Blackpool 203mm SCT
|. Stellas Athens, Greece 102mm OG
Figure 4B. Drift and merger of ovals BE and FA during the appari- R. Tatum Richmond, USA 254mm refl., 180mm OG
tion. This is a PC-JUPOS chart by Mettig from amateur images, plus F. Wachter Radebeul, Germany 80mm OG
Pic du Midi in the last row (April 7). In the last weeks, horizontal lines S. R. Whitby Hopewell, VA, USA 152mm refl.

connect paired nuclei in the single merging complex that became oval
BA, and X marks the centre of the methane-bright oval BA on Pic du
Midi images; it coincided with the more preceding of the paired nucle,
initialy between the tracks of BE and FA, but then moving back onto
the extrapolated track of oval BE. The diagonal track represents the
centre of the GRS. The vertical scale shows the start of each month.
The horizontal scale is System Il longitude minus 12°.9/month.
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*Data from the following visual observers were communicated by
Gianluigi Adamoli, Jupiter Recorder of the Planets Section of the
Unione Astrofili Italiani: G. Adamoli, M. Cicognani, |. Dal Prete,
G. Farroni, M. Frassati.

OG, object glass (refractor); SCT, Schmidt—Cassegrain telescope;

refl., reflecting telescope.
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Figure 5. Three early drawings showing the GRS and turbulent
region f. it, with ovals BE and FA approaching it and a small cyclonic
white spot between them.

A. (left) Aug. 8d 19h 45m, CM1=99, CM2=106 (Adachi).

continued his series of intensity estimates using both red
and bluefilters.
Latitudes of beltsand zones arelisted in Table 3.

South Polar to S.S. Temperate region

Visually, the SPR usually appeared featurel ess. However, one
or two belts were occasionally seen at high southern lati-
tudes and abright S3TZ was detected at some longitudes. A
dark ‘' SSTB’ wasusually seen.

Table 1B. CCD observers, 1999/2000

Observer Location Telescope; CCD camera
Tomio Akutsu  Tochigi, Japan 320mm refl.; Teleris 2
M. Brown Huntington, Yorks., UK 370mm refl.
Alberto Sanchez

Caso Barcelona, Spain 310mm SCT; SX 12 hits.

Antonio Cidadao Oeiras, Portugal
Brian Colville  Ontario, Canada

254mm refl.; SBIG ST-5¢
305mm refl.; Pixel ST-237

Jean Dijon France

500mm refl.; Kodak KAF400

Maurizio Di SciulloCoconut Creek, FL, USA 256mm refl.; SX HX 516

Gino Farroni
Todd Gross USA

St.Avertin, France*

230mm refl., etc; MX-5c¢

Derek Hatch UK
Yuichi lga et a.* Japan
Toshihiko IkemuraNagoya City, Japan

150mm OG; MX-5c¢
280mm SCT

Steve Massey Siding Spring, NSW,
Australia
Frank J. Mellilo NY, USA 203mm refl.; SX MX-5
Isao Miyazaki ~ Gushikawa, Okinawa,
Japan 404mm refl., Lynxx PC
M. Mobberley  Cockfield, UK 360mm refl.; SX SXL8
David M. Moore Phoenix, AZ, USA 362mm refl.; Astrovid
2000, SX HX-5
Andre Nikolai  Berlin, Germany 150mm Apo OG; OES
LcCCD14SC

Donald C. Parker Coral Gables, FL, USA
Tim J. Parker  Pasadena, CA, USA
Damian Peach  Kings Lynn, UK

Tom Richards et d. Australia

406mm refl., Lynnx PC

180mm EDT Apo OG;
SBIG ST-7e
Robert Schulz  Vienna, Austria 203mm refl., SBIG ST-7

Luigi Testa Parma, ltaly*

305mm Refl.; NEC Picona

318mm refl., SX HX516
305mm refl., SBIG ST-5¢

Tan Wei Leong Singapore

280mm refl., SBIG ST-7

*Data from Farroni and Testa were communicated by Gianluigi Adamoli,
Jupiter Recorder of the Planets Section of the Unione Astrofili Italiani.
Yuichi Iga (ALPO-Japan; ref. 7) communicated images by: T. Ikemura, Y.

Oshihoi, K. Maeda, Y. Iga

We also measured a few images from Dr. J. Lecacheux and colleagues
(Observatoire du Pic du Midi; ref. 8), late in the apparition. SX, Starlite Xpress.
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B. (centre) Sep. 7d 23h 56m, CM1=310, CM2=88 (Ebdon).
C. (right) Sep. 4d 16h 57m, CM =301, CM2=104 (Adachi). This shows
the new mid-SEB rift, one rotation after the last image in Figure 9.

Theglobal photomaps derived from CCD images (Figure
1) showed a conspicuous bright STZ, with indistinct ends,
around about half the planet (very roughly, L2 ~ 250-30).
Alongside it was a massive dark S3TB, and between the
S3TB and a tenuous true SSTB, S.S. Temperate |atitudes
were increasingly light, with abright SSTZ consisting of a
series of diffuse white ovals.

Aroundtheother half of the circumference, beltsand zones
were not conspicuous, though there was adark (S)SSTB.

South Temperate region

Visually the STZ appeared to belight. Under good seeing,
the STB appeared to be divided into two overlapping sec-
tors each with fainter ends. The white ovals BE and FA
weredifficult to seevisually, even under good seeing. Prob-
ably thelast visual observation of them was on 2000 Jan.
27 by Bullen (Figure 2D of ref.2).

The global photomaps (Figure 4A) show the STB di-
vided into two sectors, each of which began tenuoudly at
lat. 27-28°S, swelled into a typical dark STB at higher
longitudes, and then veered southwards, ending along-
side the tenuous p. portion of the other sector. One of the
two STB sectorshad dark spots (DS1-DS3) onits S. edge,
and f. DS3 it joined a SSTB. The other STB sector ran
alongside the white ovals BE and FA, and f. its deflection
southwards, it dissipated in abright STZ.

South Tropical region

South Tropical Zone

Visually the STropZ appeared white and featureless. Some
small dark jetstream spots on SEBs were seen visually,
sometimes separated by light spots.

Images revealed that both edges of the STropZ were
disturbed by new outbreaks of activity on the STBn and
the SEBsjetstreams, consisting of small dark spotstypical
of such outbreaks, over awide range of longitudes. SEBs
jetstream activity was possibly less conspicuous after
January, though this may have been merely an effect of
decreasing resolution.
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Jupiter in 1999-2000: Visible wavelengths

Figure 6 (left). A set of colour images (al by
Cidadao), showing the spectacular appearance
of the South Equatorial Disturbance passing
the GRS in 1999 Nov-Dec. After various dark
and bright spots in the stormy sector have
passed by, the main bright rift passes the cen-
tre of the GRS on Dec.4/5, and in contrast to
its appearance a few days earlier, it becomes a
complete rift through SEB(N) as it moves p.
the GRS on Dec.7. (Also see the image on
Dec.7 by Don Parker in Ref.2.) Also of note
are dark SEBs jetstream spots approaching
the GRS: one enters the Red Spot Hollow on
Nov.28, and another is approaching it at the
end of the series. Ovals BE and FA are passing
the GRS but are of low contrast.

Figure 7 (right). A set of colour images show-
ing the circulation of the GRS at the new year;
these are some of the last images of 1999 and
the first of 2000. In (a) there is a bright white
spot in northern part of the GRS, which has
circulated to the f. part as seen in (b) and (c),
and then disappears. Oval BE can be seen Sp.
the GRS; oval FA is obscure as it passes the
GRS

(a) 1999 Dec.30d 18h 11m UT, CM2=97
(Cidadao).

(b) Dec.31d 03h 49m, CM2=83 (D. Moore).
(c) Dec.31d 14h 12m, CM2=103 (Tan Wei
Leong).

(d) Dec.31d 23h 03m, CM2=64 (Cidadao).
(e) 2000 Jan.1d 19h 23m, CM2=81 (Cidadao).
(The appearances of the GRS in the first and
last images were confirmed visually by Rogers.)
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Figure 8. Chart of the spots in the South Equatorial Disturbance, produced using PC-JUPOS by Mettig. Red points indicate
bright spots, black points indicate dark spots, and black < > (and blue shading) indicate dark streaks, all between 4-9°S. Longitude
scae is System |. The main rift is not consistently plotted because of its variable appearance, but its location is marked by a red
line. Note that its location can be defined ssimply by the density of small spots p. it and absence of spots f. it.
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Table 2A. Visual colour estimates

Jupiter in 1999-2000:

Visible wavelengths

Adachi Colombo Devadas Foulkes Frassati Heath Rogers
(July 23-Jan 8) (Nov 25-Dec 2) (Oct 20-Jan 1) (Aug 6-April 5) (Aug 11-Oct 31) (Sept 7-Feb 13) (Dec)
SPR Grey Grey Grey Grey Warm tone.
Yellowish
SSTZ Grey or yellow Light grey or Grey
dull white
SSTB Grey Warm grey or
brown
STZ Yellowish grey  White or Dull white or Yellowish
dull white light grey
STB Grey Warm grey Brown Grey Warm grey
GRS Light reddish Light pink Warm grey or Grey or pink Pale reddish
reddish
STropZ Yellow White or White or White or yellow Yellowish White
dull white yellowish white
SEB(S) Dark brown or  Reddish Light red Brown. Brown Brown Brown
orangey Darker p. GRS
SEBZ Dull white
in places
SEB(N) Grey or bluish  Reddish Light red Grey Brown Brown Brown
(Fainter p. GRS)
EZ(S) Yellow Light bluish White or White White Slight bluish grey
dull white
EB Light blue Bluish grey or  Strong grey Grey Cold grey
bluish
EZ(N) Yellow Light bluish Light grey, White White Slight bluish grey
shaded
NEB Dark brown or  Reddish Reddish Brown Brown Brown or orange Brown
orangey
NTropZ Southern half Yellowish White, dull white White or Yellow White White
yellowish. or yellow yellowish white
White
NTB Dark brown Reddish Red Dark brown or  Brown Grey Grey
warm grey
NTZ Light grey Light grey or Yellow Off white Whitish
dull yellow
NNTB Grey Dark grey Brown
NPR Grey Grey Grey Grey Grey
Table 2B. Average visual intensity observations
Colombo  Crandall Frassati Heath McKim Rogers Schmude
(Nov 25 (July 10 (Aug 11 (Oct 11-Feb 19) (Nov 17 (July 21 (Feb 25
—Dec 16) -Oct 28)  -Oct 31) -Jan 6) -Jan 1) -Mar 2)
No filter No filter No filter No filter ~ Red (W25) Blue (W44a) Blue (W47) No filter No filter No filter
SPR 3.2 (3) 4.4 (12) 4.3 (4) 3.0(27) 25(19) 35(19 4.0(19 35(2 2.9 (6) 3.0 (2)
SSTZ 2.8 (3) 3.0 (1) 3.6 (4) - - - - - 1.4 (2) -
SSTB 3.3 (3 5.0 (5) - - - - - 4.0 (2) 3.6 (5) 5.0 (1)
STZ 3.0 (3) 3.0 (1) 3.2 (4 - - - - - 1.5 (2) -
STB 3.5 (3) 4.6 (8) 3.6 (4) 3.7 (26) 3.3(18) 4.0(18) 4.1(17) 5.0(2) 3.2 (6) 3.5 (1)
STropZ 2.2 (3) 25(12) 2.1 (4) 0.8 (27) 09(19 1419 21(19 0.5(2 0.1 (5) 2.0 (2)
GRS - 6.3 (3) 4.0 (10 2.8 (3) 1.0 (2) 3.7 (3) 4.0 (1) 2.8 (2) 1.5 (1) -
SEB (p.GRS) 5.3 (3) 6.8 (12) 5.1 (4) 5.0 (26) 4.4 (18) 5.4 (18) 7.0 (18) 6.7 (3) 6.8 (6) 5.0 (2)
SEB 5.2 (3) 2.9 (8) 3.2 (6) 4.0 (6) 5.0 (6) 4.0 (3)
EZ(S) - 4.7 (9) - - - - - 0.8 (2) 0.8 (6) 2.5 (2)
EB 2.7 (3) 5.0 (12) 2.7(4) 4.8 (25) 4.1 (17) 35(16) 3.4(11) 3.3(2) 3.3 (6) 3.8 (2)
EZ (N) 2.2 (3) 4.7 (9) 1.2 (4) 1.4 (27) 11(19) 20(19) 2419 08*(2) 0.8(6) 2.5 (2)
(or total EZ)
NEB(S) 55(08) 7412 58 5027 4519 5519 7019 58(2 6206 652
NEB(N 5.3 (3) 5.8 (4) 5.2 (2)
NTropZ 2.2 (3) 29 (12) 22 (4 0.9 (27) 0.6 (23) 12(23) 1.8(23) 0.9 (2 0.3 (6) 2.0 (2)
NTB 4.8 (3) 6.8 (11) 5.7 (4) 5.0 (27) 4.2 (19) 49(19 41(19 5.0(2 5.7 (6) 5.0 (2)
NTZ 2.3 (3) 3.3 (11) 2.7 (4 16 (27) 1.4(19) 21(19) 23(18) 0.9(2) 0.5 (6) 2.0 (2)
NNTB 3.2 (3) 5.8 (5) 4.4 (4) - - - - 4.0 (2) 3.4 (6) 3.8 (2)
NNTZ 2.8 (3) - 3.5 (4) - - - - - - 3.0 (1)
NPR 3.0 (3) 4.0 (12) 4.3 (4) 30(27) 25(19) 35(19 4.0(19) 35(2 2.9 (6) 3.5 (2)
Intensities are made on the scale O: bright white. 10: black.
The number of observations is shown in ().
Note: Heath made no colour filter observations after December 19.
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Great Red Spot
Visually, the GRS generally appeared as a pale uniform
reddish oval separated from the SEB by bright material.
Itsf. end was often seen attached to the f. shoulder of the
well-defined Red Spot Hollow. Under good seeing, some
internal structure was detected. Bullen and Frassati fre-
quently recorded the Np side or northern half to be pale.
The GRS appeared faint to Devadas with the northern
half ill-defined. McKim observed a darker southern rim
with an ill-defined northern edge. Grego recorded a dark
rim. Adachi and Devadas frequently recorded a darker
centre.

Images confirmed that the GRS was typical in appear-
ance, with only alittle reddish colour. (Moredetailsare given
below and in our interim report).2

South Equatorial Belt

Visually the SEB appeared as one of the darkest belts, com-
parable to the NEB. At most longitudes it appeared double
with adarker broader southern component, especially p. the
GRS. The southern component wasfainter f. the GRS. Most
visual observers noted a strong colour contrast between the
two components, with the SEB(S) appearing brown or red-
dish compared to the grey SEB(N). On Nov. 28, Dobbins
noted the SEB(N) was exceptionaly faint f. the GRS; his
announcement enabled the Director using Miyazaki's im-
ages to identify the South Equatorial Disturbance for the
firsttime.

The region of mid-SEB turbulence f. the GRS was till
present (Figures 5, 7, 9), comprising light spots and dusky
streaks in the SEBZ, up to adiagonal dark streak spanning
the SEBZ. A few of the spots appeared very bright. After
December, fewer spots were observed.

Images confirmed that the dark, central/southern SEB
component was strongly reddish; it was especialy dark p.
the GRS. In contrast, the SEB(N) was neutral in colour, quite
narrow, and increasingly disturbed in the longitudes of the
South Equatorial Disturbance. As also noted visualy, the
SEB(N) was sometimes fainter than the new dark streaksin
EZ(S) and themassive EB.

Themid-SEB outbreak of 1998 had finished by the start of
the apparition, although tiny spots still remained for some
monthsinanarrow northerly SEBZ. Theregion of mid-SEB
turbulence f. the GRS persisted as usual, but became less
active after November, with typically only one white spot
present. By January the SEB wasasolidly dark belt at most
longitudes (Figure 3). In March, the SEB seemed generally
quieter, withalight yellow SEBZ and bluish northern streak
developing Np. the RSH, and the GRS appeared dightly red-
der (seePartl).

Equatorial region

Visual and CCD observations both showed the major
changes that took place in this region.

EZ(S) wasinitially abright white strip with no major fea-
tures, asin previousyears. But the South Equatorial Distur-
bance became more and more prominent, generatinga‘ stormy
sector’ of extensive dark streaks and shadingsthat appeared
dramaticin hi-resimages. Visually the Disturbance wasless
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Figure 9. Four images showing development of a new mid-SEB
rift just f. the previous rifted region. It appeared some time
between Aug.22 and Aug.25.

(a) Aug.26d 04h 32m (Cidadao). (b) Aug.28d 16h 14m
(Miyazaki). (c) Sep.3d 02h 07m (Peach). (d) Sep.4d 07h 22m
(di Sciullo). One rotation later, see Adachi’s drawing in Figure
5C. Ovals BE and FA are also visible, approaching the GRS, with
internal structure in oval BE.

prominent but some of its features were recorded in good
seeing from December onwards (Figure 11).

The Equatorial Band was exceptionally dark (described
asstriking by Bullen), and blue-grey in colour.
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Figure 10. Five images (all by Miyazaki) showing development of
jetstream spots on STBs and SEBs, and associated slower-moving spots,
as described in the text. A cluster of tiny dark spots in STB, only just
forming on Aug.14, proliferate and exhibit a range of speeds up to the
STBn prograding jetstream speed of ~ —3°/day. The most southerly
spot in this cluster is DS1 (marked by arrowhead) but it does not
become distinct until the last image. DS2 is a dark stresk on STBs near
the f. limb. The two earliest SEBs jetstream spots are also visible on
the f. side on Aug.14 and 19 (indicated by V), then they circulate and
merge, to form the dark oval in STropZ that is shown in Figure 3.
(a) Aug.14d 20h 44m, CM2=324. (b) Aug.19d 19h 58m, CM2=328.
(c) Aug.21d 21h 06m, CM2=310. (d) Aug.26d 20h 28m, CM2=318.
(e) Oct.31d 14h07m, CM2=294; now there is a long line of SEBs
jetstream spots.
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Table 3. Latitudes of belts

Range (a):
SPB -64.5
SPRn -54.7
(9SSTB -42.0
SSTB(N) -36.0
Range (b):
SPRN/S3TZs -53.2
S3TBY S3Tzn -48.0
S3TB -45.3
SSTB(N) -37.0
STB(N) -27.4 —> -29.3
STBn -27.4
SEBs -21.4
SEBn -8.0
EBs -4.1
EBn +1.0
NEBs +8.8
NEBnN +16.9
NTBs +25.0
NTBn +28.1
NNTBs +36.9
NNTBn +40.0
N3TB +46.0
N4TB +55.1

Zenographic latitudes were measured from 6 images by 1sao Miyazaki
and 6 by Don Parker, spread through many months and longitudes.
The high southern latitudes are divided by longitude range: (a) L2~
70-200 (with white ovals at 41°S, but no conspicuous belts or
zones); (b) L2~250-30 (with few white ovals, but conspicuous S3TZ
and SSTB).

EZ(N) had avery conspicuousarray of 12 dark projections
from NEBs, leading into well-formed festoons, which were
also darker than usual and swept Sf. to merge with the mas-
sive EB. These were visible even in small apertures. Many
observers commented on the grey, bluish grey or blue colour
of the projectionsand NEBs plateaLix, coupled with the bright-
ness of the associated white plumes. Some of their changesin
appearancewerefollowed visualy. Thisdarkening represented
amajor changefrom the previousapparition. Visualy, EZ(N)
appeared the most disturbed region on the planet.

North Tropical region

North Equatorial Belt

Visualy, the NEB was generally considered to bethe darkest
belt, usually with abrown or reddish colour. Visual and CCD
observations both recorded the unusual activity of the NEB,
which had frequent bright riftswithin it, and an exceptional
amount of dark material around it. Dark material was con-
spicuous both on the south side in EZ (see above) and on
the north side in NTropZ (see below). Also the NEBn ap-
peared thrown into notablewaves at somelongitudes. Within
the northward bulges on NEBN, there were several dark
brown barges; visually these were very conspicuous, dark
brown or chocolate-coloured, and easily visible even with
aperturesassmall as80mm.

North Tropical Zone
Visually, the NTropZ appeared bright or dull white, although
occasionally alight yellow colour was recorded. A number
of white spots and large bays were observed which en-
croached into the NEBN.

Inimages, the NTropZ appeared generally white, but had
many small dusky spots and streaks (some of them being
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Table 4A. Longitudes & drifts, 1999/2000: southern hemisphere

i, : {2}
Mev,  Dencripiion L2iH LT Lay, ares Loy DE2 ni2
alPe
i Pinkish light spot in S4TZ i -8 600 July-Sep. & =27 =160
=g =58, 7T Sep.-Dol
e =18 =595 Mov.-lan.
STC
| Tiny w. cval (216) =35 =50 | Aug~OeL 170 -4 234
z Dask sreak 135 —20 —46.4  Sep.-Oet.
3 Dark sireak {167 =1B =i 4 Mov.-Dec. -
d Bright spal 250 -20.5 =61 Aup.-lan, -
S8TC
Anteyclonie white ovals (AWOs)k —ii6
| AW A5 2.0 June-Mov. 32] =274 <246
e =255 Deec.-Mar.
2 AW 12 =207 June-Now., I 248 -247
= 34,8 Mowv.-Apr.
3 AN [Skoweer in June-Aig. | 5 -Z2E3 Aug.-Mar. | 270 =150
4 AW 121 -250 June-MNov. 1y —-2483 -242
—= -8 Nov.-Apr.
5 AT 152 =278 July-Mlar, 162 {var) -26.1
f AND |Faster, Jupe-Aug.; dower, Mar-Ape.] 168 -26.8 Aug.-Feb, IfF 346 -283
7 P. end patchy dark 55T 1 G}
8 Tiny red-brown spol in 55188 248 =296 =379 Aug-Sep -
—= —25.4 Oet,-Mov,
G Fright spot S5TZ. 80 *=12.] =388 Sep.Drk -
10 Bnghi patch 35TZ oz -5 -39 Sep-Ocr -
a2lC
1 AWO-RE [Slower, Jan.-Mar | By -13.1 =323 June-Jun, 3 -118 -12.2
2 Cyelonic white aval BT =132 =303  lume-Dee. w3 90 129
3 AWO-FA [Slightly faster, Feb.-Mar., o5 =133 =330 June-Feh, 2Bl =137 =139
then merped with oval BE]
4 Small AW O on 5THs 112 -135 =33.1 June-Mar. -
5 F. end dark STH 135 =14.5 - July-Jan. 330 =144 =146
[ Drark spot detached from 51 end of 5TH 1% =-1.6 -32.4 Sep.-Ct. -
7 Dark spot DS 1a an STBs [Faster, Jan.-Mar,] 300 <138 3.6  June-lam, 64 157 =166
&  Darkspot DS1bin STR W9 -142 302 July-Mar. -
o Dark streak DE2: p.end 336 -150 =313 June-Mar. } 192 -17.0 -1%54
10 Dask stresk D52: 1. end 355 =I5 =313 June-Mar,
i Doark spot D53 on STZH 15 -ii7 -33.1  Jume-Feb. (213 -17.0 -14.8
| GRS 17 deg. leng] 71 +B -32.6  June-Mar, &7  +04 +03
2 Diark spot in STropZ [formed by merger of 155 5,0 -235  Sep.-OwL =
2 SEB4 jet spots; see vext) == 40,0 Ogt.-Des,
a Diark red-brown streak (barge’) in SEB:
p. end {112} -0 ~I6d  June-Sep. i N5 L S, 5 |
4 dittes: 1. end {131y =7 =164  June-Sep,

e

MNrsbew o Tarhie @A

Columns are a3 follows, Number; Description; L2(0), System Il longitude at opposition on 1999 Oct.23 (for System 111, subtract
137.0 degrees): DL2, System 01 drift in degrees per 30 days (for DL3, add +8.0 deg/month); Zenographic latitude; Dates of ohservation
ar drift measurement. All drifts were derived from g lasge number of images.

AW, anticyelondc white oval, *Spots with anomaloss drifls nof included in mean in Table 48, -

The Last 3 columms give data from 199659 appar voa, followed by DLEO-C), the average dnll mie berwesn oppasizons.

wispsof aN. Tropical band at ~20°N). It appeared asthough
dusky materia wasflowing off the NEBn and getting caught
insmall local circulations. A ‘ Little Brown Spot’ wasthemost
conspicuous example (see below), but there were similar
dusky patches Np. other barges. After the new year, the
dusky material largely faded away, though the NEBnN barges
and Little Brown Spot remained.

However this activity was to resume in the next appari-
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tion and was found to comprise along-drawn-out NEB ex-
pansion event. Such events had occurred in 1993 and 1996,
and the 1999/2000 event fitted into a three-year cycle that
had also prevailed in earlier historical eras.> However, the
NEB broadening events in 1993 and 1996 had proceeded
briskly starting from a single focus. In contrast the 1999/
2000 NEB broadening event developed very slowly and ir-
regularly from summer 1999 to late 2000, with no evident
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Figure 11. Three drawings showing the region p. the GRS, and
features of the South Equatorial Disturbance.

A. (left). 1999 Oct. 20d 12h 21m, CM1=201.7, CM2=14.8. (Adachi).
Shows the disturbed SEBNn/EZ(S) approaching the CM.

B. (centre). 2000 January 6d 17h 45m, CM1=116.4, CM2=53.0.

pattern. Thusthe common cycle of NEB activity can beim-
plemented viadifferent dynamical pathways.

North Temperate region to North Polar region

Visualy, theNTB appeared d most asdark asthe NEB. Some
dark NTBs jetstream spots and some darker segments of
NTB were occasionally recorded. The NTZ appeared quite
broad and light and featureless. In October, McKim noted
that this and the NTropZ appeared almost as bright as the
EZ. The NNTB appeared dark visually, and under good see-
ing some darker sections were seen.

In images, the NTB was a massive very dark belt. The
NTZ was clear and white. There were only tenuous frag-
ments of NNTB, and general shading further north.

TheNPR generally appeared grey and festurel essto visual
observers. However in good seeing, one or two vague belts,
lighter zones and vague light and dark spots were recorded
both visually and in images.

Table 4B. Average drifts of currents, 1999/2000, southern hemisphere

(McKim). Shows the GRS with a pale northern half and the dark
SEB(S) p. Note the white spot in the EZ(S) on the CM.

C. (right). 2000 March 4d 19h 40m, CM1=332.4, CM2=185.7.
(Bullen). Shows the disturbed SEBNn/EZ(S) near the f. limb, and the
Little Brown Spot in NTropZ near CM.

Local features and drifts

South Polar region

For the fourth consecutive apparition, adightly reddish light
ova was tracked aong the edge of the South Polar Belt at
~60°S, withitsspeed (DL 2) varying between —28 and —2°/mth
(Table 4A, SPC no.1). The latitude (measured with standard
deviation of 0°.3t0 0°.6) varied along with the speed, possibly
adgignificant correlation. Thismay well be the same spot that
has shown this behaviour since 1996. It isprobably similar to
the* Grand Spiral’ imaged at 60°Sby Voyager [p.82 of ref.5].

An even smaller light oval at 50°S, with an even more
remarkablerapid drift, has probably beentracked since 1998
(Table4A, S’TCno.1).

South South Temperate region

Inthe S.S. Temperate domain, therewere still six anticyclonic
white ovals at 41°S, al tracked since 1998 and most since
severa yearsearlier (Table4A, SSTC nos.1-6). They havea
tendency to repel each other when they

approach (as the homologous S. Temper-

Curred Type of spons N DLI Mean(Ramps)  Lanmades € Ovalsdid in earlier decades), and the
o R L T e R il associated changes in drift can be quite
o ) sudden. They have gradually converged
aPC Pialkish light apot in STZ Al ) FETS g that they now occupy only 175° of lon-
S¥TC Misc. spals 4 -254(-18B10 -35) 46-50"8 : )
SETC AWOs and other spots 9 _264(-20%i0-30) 38415 gitude. Mostly they lay on the north side
§5THnjer Tiny dark spot | 85 (3675 of a dark (S)SSTB, but belts and zones
§TC AW and other spots 10 -13%(-13w-14% 30335 Werenot conspicuous in this sector.
STBaget  Tiny dark spols 11 =T7{-60wm-113) P Ontheother sideof the S.S. Temperate
SEBajel  Smsll dark spois IT +8E(+ T £ 1045) 21°5 region, abrightening SSTZ consisted of a
(plus cehers im rampe between SEBs jet and STropC; sze text) series of diffuse white ovals (e.g. SSTC
Er;fw :ﬁ:wu in SEB 1. GRS ‘:-_:- -;D':f_-q]jﬂ"l: t|lfl;:- :E zl:;:g no.9 and 10; probably cyclonic). These
I ! |1 ] =N = -_ - . .
i s I|ﬂ|:ﬂ[hﬂl T St e e o s white ovals were inconstant, and had

— — —_— — e

Nores ro Tabie 48:

This table grves ihe mean speed and range of each current, somse of which are ol Hemised

dower driftsthan normal SSTC.

South Temperate region

individually in Table d&. N, nember of spots included (some with madtiple drfis)

Latiude ranges | zenographsc) are from Table 44, plus the following:

5TBn petstreamn spots | and 2, 2700 (+0.8) deg.5;
SEBs jetstream spots, 2007 (20.5) deg.5.
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The white ovals on STB
The most memorable event of the appari-
tion wasthe merger of thetwo remaining
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Figure 12. Close-up view of STZ Dark Spot 3 from Galileo at the
C22 encounter, 1999 Aug. 13. South is up, as in al Figures. The spot
(left) appears as an irregular oval with anticyclonic circulation, and a
turbulent wake on its f. side (right).

whiteovals. Three such ovals had been familiar features of
the planet since around 1940, and were the longest-lived
features apart from the GRS, but they had been gradually
shrinking over the years. Ovals BC and DE apparently
merged during solar conjunction in 1998.1.9.10 The result-
ing oval ‘BE’ had been converging on the remaining oval
FA and their merger was eagerly awaited, but their separa-
tion fluctuated during 1999, and it was feared that they
would not interact before solar conjunction.

Through most of theapparition, BE and FA were 15° apart,
separated by asmall bright cyclonic whiteova (Figures2-5,
9, 12). Ova BE had acomplex internal structure, which began
with awhitegap initsnorthernrim on July 1, and white and
grey material seem to have been drawn into the oval from
this point, as pointed out by Miyazaki in hisimages on July
3 and 8. Thereafter, oval BE often appeared to consist of
three light spots (N, Sp., and Sf.), although ground-based
imageswere not sufficient to resolvethe structureclearly. In
August the Sf. spot was brightest and was the only part
bright in methane images (Aug.6), but later the methane-
bright spot coincided with the centre of the visible oval.

Themesasured |atitudesfor ovals BE and FA shifted north-
wards between summer and autumn, without evident cause.
Themeasured latitude of oval BEwas32.6 (+0.4)°Sin July—
Aug., 32.0 (z0.4)°Sin Oct.—Nov. For oval FA it was 33.3
(x0.4)°SinJuly-Aug., 32.6 (x0.5)°Sin Oct.—Nov.

From December onwards, the ovalswere passing the GRS.
At thistime, BE and FA were still 15°.5 apart, and neither
changed speed when passing the GRS (Figure 4B). They did
change in appearance: ovals BE and FA, and athird smaller
anticyclonicwhiteoval f. them (STC no.4inTable4A), were
each transiently obscured in turn as they passed the p. end
of the GRS (Figures 3D, 4, 6, 7). Oval BE was very incon-
spicuous on Dec.5, but then in mid-December it brightened
and changed shape, and the cyclonic oval between BE and
FA (STC no.2) apparently moved south or disappeared. Oval
BE remained still large and internally complex. Then at the
new year, oval FA became small and faint and reddish. On
2000 Jan.1-8, it was quite inconspicuous, especialy in blue
light, but it recovered thereafter. Finally the small, third white
ova became obscure during Jan.22-30 in turn, but it too
recovered theresfter.
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We had anticipated that the passage of ovals BE and FA
past the GRS might destabilise them sufficiently to trigger
their long-awaited merger, and thelikelihood of this seemed
to rise with the disappearance of the cyclonic white oval
between them. Indeed this marked the beginning of their
final rapid convergence which led to their eventual merger
(Figure4B). Oval BE decelerated in early Jan., and oval FA
accelerated in Feb., so they converged until they interacted
inlateMarch.

The ovals finally collided and merged during just one
week, 2000 March 18-24.211 CCD images showed themin
contact but still undisturbed on March 15, but oval BE was
missing or disrupted on March 19 and 20, and by March 24
therewasjust asingleirregular white complex. At the same
timetheinteraction was monitored in infrared wavebands by
professional observers. Developments differed in the vis-
ible, near-infrared, and methane-absorption wavebands, prob-
ably representing different currents at different atitudes as
the two ovals were caught in a mutual vortex; however, it
seems likely that they merged. In any case, the single oval
that emerged (at all wavelengths) was closer to the track of
BE than FA. On March 29 it was at L2 = 17, and the mean
motion was ~ —13°/month. The details of the merger, from
professional as well as amateur images, have aready been
published.211

The three dark spots on STBs

The other interesting sector of the S. Temperate region con-
tained aremarkable collection of small dark spotsinvarious
latitudes (Figures1, 4, 10). Three(DS1, DS2, DS3; STC nos.7—-
11 in Table 4A) had existed in 1998 and were still present,
although this did not become clear for several months be-
cause of aproliferation of other tiny spots. They had passed
the GRS during solar conjunction.

DS1 in 1998 had been a small, intensely dark, cyclonic
spot on STBs,1:12 and in 1999 spot DS1awas obviously the
same spot, although not quite so dark. However it had shifted
10-15° p. itsprevioustrack during solar conjunction, andits
drift oscillated during 1999/2000. DS1bwasatiny dark grey
spot which appeared on the previoustrack of DS1, but it was
further north, within the STB, at the p. edge of asmall gap.
Alongside DSlaand DS1btothenorth, tiny dark spotswere
appearing both in the STB (motion uncertain, perhaps tran-
sient) and onthe STBN (moving withthe prograding jetstream;
see below) (Figures 4, 10). There was no visible source for
them.

DS2 was dtill a spotty dark streak on STBs, asin 1998
(Figures4, 10).

DS3 was still a more southerly dark spot, in the anticy-
clonic latitudes of the STZ. After passing the GRS at the
start of the apparition in July, without change in speed, DS3
wasvery dark, and from September onwardswas either dou-
ble or bright-cored (Figures 2A, 3, 4A). It was observed by
Galileo at the C22 encounter (Figure 12).

The three dark spotswere still distinct and characteristic
inMiyazaki’simagesin Dec. (Figure4A). A particularly good
image on 2000 Jan.9 showed DS1 reddish, DS2 grey, and DS3
aring. Imageson Feb. 5 still showed DS1, but DS2 had bro-
ken up and faded considerably.
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South Tropical region

Therewere new outbreaks of activity on both the STBn and
the SEBsjetstreams, consisting as usual of small dark spots,
over awide range of longitudes. There were also two slow-
moving dark spotsinmid-STropZ (L2 ~130and 360in Sep.),
whichwereoriginaly retrograding.

STBn jetstream outbreak

The STBn jetstream outbreak wasthefirst since 1994. The
tiny prograding dark spots were all arising near DS1/DS2
(seeabove & Figure 10). They were not yet present on July
14. Thefirst pair of spots appeared about Aug.8, very small

and inconspicuous. Miyazaki’simageson Aug.14-26 (Fig-
ure 10) showed tiny dark spots prograding on SSTBn (one,
DL2=-85°/mth), STBn (thefirst two in the outbreak, DL2 =
—110and —88), and mid-STB f. them (at |east three, DL2 = -
60to —64). Although thefirst two on STBn were separating,
they then converged again and probably merged. The re-
sulting larger reddish spot decelerated progressively to
DL2 ~ —62 as it approached the GRS. Meanwhile a third
spot apparently moved N to STBn and accel erated from —
60 to —113, before gradually decelerating again. This one
caught up its merged predecessors just as they reached
thef. end of the GRS, wherethey all merged into acomplex
with SEBsjetstream spots aswell in early November [see
below; & Figure 3in Ref.2]. These were the only spotsto
travel along way along the STBn. Later ones, also arising
near DS1, travelled lessthan 90° in longitude before disap-
pearing. They had speeds between —65 and —78, and were
still seen aslate as January. Thusthe STBn jetstream spots’

speeds ranged from —60 to —113°/month, with a nominal

mean of =77 (Table4B).

STropZ, with SEBs jetstream outbreak

The SEBsjetstream outbreak had begun earlier. Dark spots
looking likejetstream spotson SEBS/STropZ werevisiblein
thefirstimagesof the apparition, from 1999 June 12 onwards,
and weretracked from July onwards.

(In the following account, in contrast to other latitudes,
werefer to the magnitude of retrograding speeds, i.e. ‘faster’
speeds correspond to slower rotation periods.)

Thefirst spot tracked had adrift (DL 2) of only +55°/mth,
but the second had DL2 = +85, which was typica of the
subsequent spots. These two conspicuous spots converged
and inAugust they merged with each other and withasmaller
spot just f. (Figure 10). As they did so, they drifted south
into the STropZ and decelerated, while approaching the GRS.
The merging spot reached its highest longitude, L2 = 3, on
Aug.27-Sep.3, and itshighest I atitude, 23.6°S, around Sep.5.
On Sep.5 it was a conspicuous dark oval in mid-STropZ
(STropC no.2in Table4A; Figure 3A). Thereafter it wasal-
most stationary in longitude (drifting back to L2 = 357 by
Oct., then up to L2 = 8 by Jan) and in latitude (23.6°S). It
changed little, gradually fading, until early Jan. (Figures 3C,
D). After that, it was not clearly tracked, but it may have
persisted faintly and played a supporting rolein the interac-
tion of ovalsBE and FA in March.2

Around 2000 March 20 a dark column appeared across
the STropZ at L2 = 22 alongside theinteracting ovals, appar-
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ently derived from another retrograding SEBsjetstream spot
which halted at this point; it may have been caught up inthe
anticyclonic circulation of the earlier spot. SEBs jetstream
spots were behaving in exactly the same way p. the GRS
during the Voyager mission (pp.211-212 of Ref.5).

A second near-stationary dark spot in STropZ also arose
asan SEBsjetstream spot which decelerated in 1999 August.
Unusually it wasjust f. the GRS, with speed declining from
DL2=+42to~0at L2=132, but thenit disappearedin early
September.

Subsequent jetstream spots behaved more typicaly. At
least 21 more spots were tracked, with speeds varying from
+73t0+106. Some spots' speedsvaried, but afairly consist-
ent average of +95wasmaintained (Table4B).

However most spotsdecel erated gradually around L2~0
(where they passed the slow-moving dark spot no.2 in
STropZ, described above), and especialy as they neared
the RSH. Moreover, at least four pairs merged asthey neared
the RSH. In contrast some spots proceeded steadily up to
the RSH, and some werefollowed into and around the RSH
(includingtwoillustrated in Figure 3 of Ref.2).

The SEBs jetstream spots were present all around the
SEBs, typically becoming recognisableat L2 ~ 130-160 (f.
the post-GRS turbulent region). They became more numer-
ous and conspicuous from late August onwards. This coin-
cided with theincrease in mid-SEB activity f. the GRS (see
below). Some bright white spots nestled in the bays be-
tween the dark j etstream spots, probably moving with them.
Late in the apparition, fewer spots were tracked, but many
small crowded ones were recorded in hi-resimages, so the
activity was continuing at least until late March.

Great Red Spot
The GRSwastypical in appearance, with only alittlereddish
colour. In July, red material was confined to a rather small
patch in the centre, and there were unusual bluish streak(s)
in the outer part, asin 1997 after the white oval merger. In
August, the GRS was completely detached from the SEB,
presenting an undisturbed oval, with arim that wasincreas-
ingly dark grey. But thereafter it becamefrequently distorted
as SEBsjetstream spotsimpinged on it (see above) and cir-
culated around it or within it, asin the Voyager movies. An
examplewas observed over the new year (Figure7).

Images on Feb. 6 and 10 showed a new South Tropical
band beginning to emerge from the p. end of the GRS, but it
disappeared soon after.

The longitude of the GRS wasincreasing at DL2 = +1°/
mth, unusually so in the absence of any visible perturbation.
Itslengthwas 17°.

Mid-SEB rifts
The region of mid-SEB turbulence f. the GRS persisted as
usual. The Galileo Orbiter obtained detailed images of this
turbulent region on 1999 May 4, including two of the bright
white spots which were shown to be thunderstorms with
lightning.213

An extension of activity occurred when a bright new
white rift appeared between Aug.22 and 25 (Figures 5, 9).
(Itwasat L2 =120 0onAug.26, prograding). It wasjust f. the

21



Jupiter in 1999-2000: Visible wavelengths

Table 5. Drifts in the South Equatorial Disturbance (South Equatorial Current)

A. Individual drifta  B. Mean drifts
Group  Thpe of spofs Eicry  BDLT (Daex) DILT; Mg or range Lard,
I Msin complex and 1. edgesi
Owverall f. edge of disturbamnce: 1% «33 to +50 (A ug.-Mar.) {Cmrernll ) +13 [5-8"5)
Mlain mifl (gap in SEBa ) 210 + 12 bo +50 (A ug.=hiar.) 8 [Shon isdervads) + 15 o +22
Drark hlaish patch st £ edge iwiih break in EB) - +28 to +30 (Mov.-Apr.) W (Feb.-Mar.}p +500
1 Dark blue sivenk complexes +132 13 +20 b.a'h
D51 (=econdary disturbance & transient mft} 1713 &2 (et -Dec. |
D52c: P end # (Dec.-Feh.)
D52c: F.oend - +[49 (Dwec -Feb)
m Diark Blue gireaks or palches in EF(5)
developing p. main comples: —4 b +5 6,18
D%2n (with beeak in EB) M 5 [Oet-Moy. )
D54 = i ] (Feh. )
&5 -af {Mar.)
LY Drark apois (D526, DE3), &nd bright spots emerging Np. mmuth al main rifi 0 bo =30 66" 5
W Tiny dnrk asd bright spots on SEBn (p. stormy sector) =351 -53 T.1°5%
¥r Mox. speed of fetstream (from Vovager) A B T8

Nejes fo Table 5:
& Dimilis in main complex amd . edge were as folloees:

Owverall 1. odps of dismerbance: L0 =213; DL1 = +33 (Aug.-Feb ), +50 {Feb.-Mar.)

Muin rift (gap in 5EBax L1001 = 210, ed

2SR DL = +33 (Aug-UkL) 1o +22 (Mov.-Jan) o +50 (Feb.-Mar. .

Dark bluish patch st £, edge (with break in BBk DL = +28 (MNov-Dee, ) 6o +50 (Feb.-hMar.) to +3% (Apr.),
Becaisse many of these spots were short-lived ar rapidly varying, most of the speeds are imprecise, They are gooted [ degpees per momth
huere, bul tn degrees per day 1o the texl. ¥ Latitudes are for dark spots‘sirenks oaly.

post-GRS disturbed region, so was merely an extension of
it, not a separate mid-SEB outbreak. It appeared very near
the p. end of one of the dark reddish-brown streaks (STropC
nos.3—-4in Table 4A; Figure 1). These are ‘ mini-barges’ at
~17°S, and Voyager 2 observed amid-SEB outbreak begin-
ning precisely inthe centre of one such streak [pp.186-7 of
Ref.5]. A second white spot appeared in the same place on
Aug.28 (Figure9).

Theregion of mid-SEB turbulencef. the GRS showed only
low-level activity after November, with typically only one
white spot there at any time (e.g. Figure 7).

The PC-JUPOS chart of the SEB latitudesin 1999 shows
thetypical drift of =54 to —80°/month in System I1, not only
f.the GRSbut all around the belt, thanksto tracking of very
small and faint spots. These may have been residual turbu-
lencefrom the 1998 mid-SEB outbreak. Themid-SEB seemed
much quieter after the start of 2000.

Equatorial region (south): The South Equatorial
Disturbance

One of the most remarkabl e devel opmentsin the apparition
was adisturbance in EZ(S)/SEBn, which began from ami-
nor notch in SEBn, and gradually grew to become a spec-
tacular bright-and-dark complex extending from SEBn
across the equator with a‘stormy’ EZ(S) extending along
way p. it. Wecall it the South Equatorial Disturbance (SED).
The source was a feature at the f. end, which we call the
SED main complex, that included an obliquerift in SEBn.
This was similar to the long-lived white spot or rift that
existed from 1976-1989, and another from 1879-1885 (see
Discussion below). However it differed from these well-
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known featuresin moving more slowly at itsinception, and
in generating ever-increasing dark disturbance around and
p. it. Becauseit was so impressive, well-observed, and po-
tentially important for understanding jovian dynamics, we
giveafull account of it here, including Figures8, 13, 14 and
Figure 6 and Table 5. It continued as a major featurein the
next apparition (2000/01), when it was al so spectacul ar at
near-infrared wavel engths, and was imaged by the Cassini
spacecraft.14 The second half of thisaccount will therefore
appear in the next apparition report.

The disturbance was discovered on 1999 Nov.28 when
Tom Dobbinsreported that the SEB for ~40° f. the GRSwas
abnormally light visually. On inspecting images, it became
evident that this ‘fading’ was due to disturbance approach-
ingthe GRS aong the SEBWEZS, including tworiftsin SEBn
which could betracked back at |east to Nov.18. Thef. one of
these, the main complex, could betracked back further with
DL1~+0.7°/day, and it persisted asthe mgjor feature of the
disturbance.

In the text of this report, longitudes and speeds are rela-
tiveto System [; ‘faster’ and ‘slower’ refer to rotation peri-
ods. Speeds are quoted in degrees per day because most
features were short-lived or variable, so monthly speeds (as
giveninTable5) areinevitably imprecise.

We define thelongitude of themain complex asthe L1 of
thef. end of the bright indentation/rift in SEBn, or the p. end
of the dark patch/streak at that point.

Thisfeaturewasfirst recorded on 1999 July 23, asapair of
tiny riftsin SEBn, with no major disturbance evident. It pro-
gressively grew throughout the apparition. The disturbance
was not visibly induced by any other features, although at
least some of its features would later be induced or intensi-
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Figure 13. Strip-maps
showing the development
of the South Equatorial
Disturbance during the ap-
parition. Images by the
named observers (Cidadao,
Miyazaki, Parker, Peach)
were projected into strip-
maps by Mettig. Arrow-
heads indicate the main
rift. (For more views of
conjunctions with the GRS,
see Figures 1, 6, 14.)
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Figure 14. Two images showing the SED main complex
passing the GRS again in 2000 March, when it was at its
most spectacular. (a) March 25d 19h 24m, CM1=33,
CM2=86 (Cidadao; red light). (b) March 29d 02h 14m,
CM1=36, CM2=64 (D. Moore). Note the very bright spot
marking the main rift (on CM), and the very dark (blue)
patch f. it, with EB deflected around it.
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fied when it passed the GRS region. Initially the main com-

plex was inconspicuous and variable, but its presence was

evident from the increasing amount of small-scale distur-
banceinthe EZ(S) p. it (Figures 8, 13). The chart showsthat
thissource of disturbance moved with DL1 =+1.1°/day from

Aug. to Feb. Meanwhile the disturbance spreading p. fromit

had created an extensive ‘ stormy sector’ of EZ(S)/SEBn.

The main bright rift acquired adark bluish feature on its
Nf. side in October, which appeared to displace or obscure
the dark EB around it. The bright rift and the dark streak or
patch were both minor at that time, but became progres-
sively bigger and moreintense, right up to the last observe-
tionsin 2000 April, when therift wasvery bright and the dark
patch was very dark and large.

Thedrift of themain complex was not always continuous.
On at least four occasions the main rift showed less retro-
grading motion, then anew main rift suddenly appeared about
10° f. it. Another phenomenon seen several timeswaswhite
material streaming Np. in EZ(S) from the mouth of therift or
nearby.

Every 7-8 weeks, the main complex passed the GRS, and
then it became most conspicuous. The main complex passed
the GRSon 1999 Aug.18, Oct.15, Dec.5, and 2000 Jan.28 and
March 28. The passages in 1999 Dec. and 2000 March in
particular produced a brilliant white streak preceded by in-
tensified dark blue patches (Figures6, 13, 14).

Awiderange of drift rates(Table5) reveaed that the SED
wasagreat solitary waveretrograding in the SEBn jetstream,
giving rise to complex disturbances propagating towards
the maximum jetstream speed. In order of increasing speed,
these were asfollows:

I. Themain complex of rift and dark patch, marking the source
and f. end of the disturbance, moved at DL1 = +0.5 to
+1°.6/day, and occasionally it would ‘ jump’ 10° f.

I1,111. Dark blue patcheswere created p. the main complex on
passing the GRS, with DL1= +0.7 to —1°.0/day

IV. Bright material emerged from or near the mouth of therift
into EZ(S) with DL1 = ~0 to —1°/day, as if accelerating
towards the speed of the jetstream.

V. Tiny spots p. the stormy sector p. itmovedat DL1=-1.2
to —1°.8/day, i.e. approaching the material speed of the
jetstream:

V1. The SEBn jetstream as measured by spacecraft: DL1=-—
3.1t0—3°.8/day.

A detailed chronicle of the South Equatorial
Disturbance

The main complex at the f. end of the disturbance

The first record of the main complex was on Miyazaki's image on
1999 July 23, as a pair of tiny rifts in SEBn. On Aug.6 there was a
single rift with bright spot and dark patch at its mouth in EZ(S) -
aready the classic structure of the main complex, although small. In
Aug. and Sep. it remained minor, sometimes showing the classic rift
structure, but sometimes being almost imperceptible. On Aug.18 it
passed the GRS, inconspicuously. Just afterwards, on Aug.22, a new
white spot appeared to re-form the main rift, 10° f. the track of the
previous one; and over the next few days, white material poured Np.
from its mouth at DL1 ~ -1°/day.

The main complex was aso very inconspicuous on Sep.29. How-
ever on Oct.1 it had restored the SEBn rift and the EZ(S) white area
at its mouth, and also acquired two other features that would persist:
a bluish streak or patch in EZ(S), and deflection of the EB around it.
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On Oct. 1 al these features were very minor (indeed, the rift was
absent again on Oct.6-8). But as the main complex approached and
passed the GRS, various features were induced in succession (see be-
low): dark spot DS1 (Oct.6, L1 ~ 165); ‘cold’” white spot (Oct.13, L1
~ 190), DS2 (Oct.20, L1 ~ 200), and opening and brightening of the
main rift as it passed the GRS (Oct.15, L1 = 204). The spots p. the
main complex had faster motion, and together with smaller-scale
disturbances spreading even further p. (see below), al these features
generated a growing ‘stormy sector’ of EZ(S), which was impressive
in hi-res images from Oct.27 onwards.

Meanwhile the main rift continued to develop after this passage.
In late Oct. and early Nov., the main rift showed less retrograding
motion (about +0.5°/day), but on Oct.31, the locus of the main rift
again jumped f. as a new bright spot on SEBn suddenly appeared 10°
f. the previous one. Also, these bright spots apparently were accom-
panied by more extensive bluish shading than before, replacing part
of the adjacent EB. The f. end of the main complex was formed by a
very dark streak on SEBn, but during Nov. this migrated north, and
from Nov.14-23 the main rift (bright spot) slid f. alongside it, thus
displacing the main complex ~10° f. for a third time. The true mo-
tion of the bright rift was DL1 ~ +0°.5/day.

In late Nov., a spectacular picture developed as the stormy sector
again passed the GRS region, and this was when it was first noticed
visually (see above). We find that this passage induced or re-induced
al the major features p. the main complex (described below), includ-
ing two very dark spots with a white spot between them which moved
at DL1 ~ -1°/day (Dec.1-7); they were followed by one or two bright
spots actually emerging p. from the mouth of the main rift as it
passed the GRS (Dec.5 onwards). However the main rift itself was
already conspicuous before this passage, and did not change much.

Indeed there were no further sudden changes during December, but
the dark blue patch at the f. end continued to grow bigger and obvi-
ously displaced the EB around it. There were no more ‘jumps’ in
Dec., and the differential motion of the SEBn rift (DL1 = +0°.7/day)
relative to the f. end of the main complex (DL1 ~ +1.1°/day) was
apparently due to continuous growth of the dark bluish patch at the
f. end.

On 2000 Jan. 9, the rift again jumped f., as a second white spot
appeared 9° f. the previous one, and then re-formed the main com-
plex with the same appearance as before. The previous white spot
then probably prograded rapidly in the EZ(S) (see below).

In Feb., the main complex was further f. and it had slowed down
considerably. The main feature was the very dark bluish patch in
EZ(S), DL1 = +1.6°/day. The SEBn rift was usually represented by a
bright white spot on its p. side. The pair passed the GRS around
Jan.28 and March 28. At the latter passage they were both very
intense (Figure 14), and on the north side of the very dark patch was
a bright white area straddling the equator, the most extreme disrup-
tion of the EB to date. They were still very intense in the Pic du Midi
images of April 7 (Figure 6C of Ref.2), and still present in the final
images of the apparition, by Miyazaki on April 17.

Near-infrared images

The few methane-band images that covered the SED showed surpris-
ingly little in it; the main rift never appeared methane-bright. Indeed
the main complex sometimes showed up on methane images as a
dark patch in EZ(S), which covered the mouth of the visible rift as
well as the dark blue patch Nf. it (Oct.25, Akutsu; Oct.27, Dec.5,
Miyazaki; see Part Il of this report). We did not receive any methane
images of it after the new year. However the fina methane image
taken by the Observatoire du Pic du Midi on 2000 April 7 showed a
much more dramatic picture [Refs.2,8, and Part Il of this report].
Continuum near-infrared images from the Pic du Midi at that time
were also informative: the visibly bluish patches at the main com-
plex and further p. (DS5, DS6), were the darkest features on the
planet in these ‘I-band’ images. These aspects were to be prominent
in amateur as well as professional images in the next apparition, so
an account will be given in the next report.

Bright spots emerging Np. the main complex

We repeatedly found evidence for bright material emerging from or
near the mouth of the main rift, into EZ(S), and moving faster, i.e.
with DL1 from ~0 to —1°/day, while the main rift was retrograding
at ~+0.5 to +1°/day. Some such bright spots appear definite, while
others are only probable because they were ill-defined and short-
lived. However it is likely that this was a recurrent phenomenon,
especially when the main rift was passing the GRS. Such white spots
or streaks were noted on Aug.22-28 (-1°/day, beginning as it passed
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the GRS p. edge); Oct.13-31 (DL1 ~ 0, as it passed the GRS); Dec.4
onwards (-1°/day, as it passed the GRS); Dec.14-24 (-1°/day); and
probably Jan.9 onwards, though there were multiple white spots
then. Some of these EZ(S) white spots appeared ‘cold’ white in
images in contrast to the ‘warm, creamy’ tint of the bright spot
forming the main SEBn rift further S and f.

Faster-moving features: dark streaks

These were among the most conspicuous features of the ‘stormy
sector’ of EZ(S). They were dark patches or streaks (elongated E-
W) in EZ(S). They emerged p. the main complex, and were generally
induced, and in some cases re-induced, when these longitudes were
passing the GRS. There were six major ones, called DS1-DS6 (Table
5).

The first two were induced by GRS passage in October. DS1 dif-
fered from subsequent dark features in severa ways, suggesting that it
perhaps comprised a secondary disturbance complex rather than a
passive consequence of the main complex. It was slow-moving (DL1
~ +0°.4/day); it was dark grey-brown rather than bluish; and on Nov.18
a minor SEBn rift developed at its p. end. On Nov.28, while passing
the GRS, both DS1 and the rift p. it were spectacularly re-intensified;
this was the ‘secondary rift’” which attracted attention then, however
it did not persist after December.

DS2a (L1 ~ 200) developed on the p. edge of the main complex
on Oct.20, just Np. the GRS. It was still quite faint on Oct.24 but very
dark blue on Oct.29 and thereafter; it was weaker on Nov.10. Along

with DS, it was rejuvenated while passing Np.the GRS on Dec. 1,

asalong dark blue streak (DS2hy).

DS3 was a new very dark blue spot which also appeared alongside
the GRS on Dec.1 (L1 ~ 225). From Dec.1-7, DS2b and DS3 and a
bright spot between them moved at DL1 ~ —1°/day. Then they merged
into a long, retrograding dark blue streak, called DS2c. This was
tracked from Dec. to Feb, with DL1 = +0°.7/day. However it was
complex, and may not have been a coherent feature. Rather it may
have represented a locus of variable dark streaks 25-50° p. the main
rift, i.e. a wave moving in the wake of the main complex. In fact
there were several indications of motions of ~ —1°/day at its f. end,
including white spots as described above.

When the stormy region next passed the GRS in late January, the
SEBnN broke up into waves Np. the GRS, i.e. numerous small dark
spots spaced 6° apart. There were 6 on Jan.22 and 11 on Jan.27.
These overlapped the longitude of DS2c, and often had white spots
between them. DS2c was not so identifiable after early Feb., but a
succession of very distinct, stationary dark spots arose at a similar
distance p. the main complex: D4 to DS6.

D4 (L1 ~ 295) was a new dark blue patch in EZ(S) which ap-
peared faintly on Feb.3, p. the main rift, just after it passed the GRS.
It was very dark blue from Feb.8 onwards, lengthening, and still
prominent on Feb.24.

DS5 (L1 = 323), another similar patch, appeared on March 2, not
near the GRS. It was conspicuous in images of March 18 (Pic du Midi,
passing GRS, very dark in I-band) and March 20-29 (amateur im-
ages).
DS6 (L1 ~ 350) was another blue dusky patch, seen March 25-29,
again immediately after passing the GRS.

In conclusion, these dark blue patches were created p. the main
complex on passing the GRS, and had a range of speeds from +0°.7/
day (closer to the main complex, presumably waves that were similar
or related to it) to —1°/day (approaching the SEBnN jetstream speed).
However most were ailmost fixed in System |, presumably represent-
ing a wave type with an intermediate speed.

Even faster-moving features: tiny spots on SEBn

Even faster speeds were shown by tiny spots on SEBn further p. in
the stormy region. They were small and ephemeral so the very fast
motions are not obvious on the PC-JUPOS chart. However, careful
examination of Miyazaki’'s best image pairs taken 2 days apart, from
Oct. to Dec., allowed motions to be measured in long chains of tiny
dark and bright spots along SEBn/EZs, p. the main stormy sector.
The mean displacement of 12 such spots was DL1 ~ —1°.8/day. This
confirms that the tiny short-lived spots generated on SEBn in the
stormy sector were moving at speeds close to that of the SEBn
jetstream (see below).

Discussion of the South Equatorial Disturbance
Thedetailed structure and circul ation of the SED main com-
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plex were to be reveadled in the next apparition, when the
Cassini spacecraft showed that it had circulation just like
that of the 1979 Great White Spot. For now, we simply point
out the parallels between the visible-light observations of
the SED in 1999/2000 and the Great White Spotsin 1976—
1983 and in 1879-1885. In spite of the different visible ap-
pearances, it seems that al three disturbances were funda-
mentally similar, being centred on an oblique rift in SEBn
which led into anticyclonic circulation in the EZ(S), and all
retrograding asagreat waverelative to the SEBn jet.

Thefull speed of the SEBN jet hasbeen amatter of discus-
sion. Early Voyager measurements showed a speed of —1°.5/
day, but this may have been dominated by disturbances
such as the smallest onesthat we tracked in the stormy sec-
tor, which may yet be waves that do not represent the true
wind speed. More painstaking measurements on Voyager
images have given a speed of —3.1 to —3°.8/day, and the
same speed range has been maintained from 1995 to 2000in
Hubble Space Telescope and Galileo images[p.153 of Ref.5;
Refs.15-17]. The consensus of all these valuesis DL1 =
—3° 5/day (+155 m/sin System 11).

The discrepancy between the motion of the SED main
complex and the full speed of thejet, which we have docu-
mented in 1999/2000, was of course clearly reveal ed by \oy-
ager in 197918 — although that Great White Spot did not
produce obvious disturbance onits p. side, until many years
later. However the same differential motion was, remarkably,
detected by visual observersin 1881/82: W. F. Denning and
A. S. Williams believed then that dark material was repeat-
edly erupting from asource~35° f. the Great White Spot, and
streaming towardsand acrossit at —1°.9/day [p.154 of Ref.5].

Thedrift of themain complex was not always continuous,
several timesthemainrift ‘jumped’ 10° f. This phenomenon
also was repeatedly displayed by the Great White Spot of
1879-1885[p.154 of Ref.5].

Passages of the SED past the GRS sometimesintensified
both dark and bright features, including the main bright rift.
In this the SED resembled the Great White Spot in 1979-
1983. Then it was hypothesised that the cyclonic turbulence
f. the GRSfed energy through therift into the SED.

Finally, there could obviously be an analogy with the
well-known disturbances which are almost always present
along the NEBs: the dark projections and associated bright
spots or plumes, often at ~30-degree intervals. The Galileo
and Cassini spacecraft have reveaed that here too exists a
jet much faster than System | below the cloud-tops, so the
NEBs blue projections and white spots resemble the SED
main complex in being waves that propagate through this
jet. 191t remainsto be seen whether the same meteorol ogical
patterns can account for the periodic waves of theNEBsand
the solitary wave of the SEBN.

Equatorial region (north)

EZ(N) had avery conspicuousarray of 11 dark projections/
festoons, most of them followed by awhite plume. Thefes-
toons, and the EB into which they merged, were much darker
and more regular than usual. These projections were very
stable this year, in contrast to the chaos of the last 2 years
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Figure 15. Strip-maps of the NEB, showing smallscale drifts and
circulations. Images by Miyazaki were projected into these maps by
Mettig. Important features on NEBn are tracked as follows:

Black lines: stable barges (cyclonic dark oblongs); Black arrows: small

300° L2

dark spots retrograding on NEBn; Green arrows. dusky streaks and
spots in NTropZ, prograding or oscillating; Green line: Little Brown
Spot; Red lines: major white ovals including White Spot Z.
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Figure 16. Drift chart of spots in NEBn and NTropZ during the apparition, produced using PC-JUPOS by Mettig. Black crosses: dark
spots on NEBn at 15-18°N. They include the prominent, nearly-stationary ‘barges’, and smaller dark condensations on NEBn which
were retrograding. Red crosses: bright spots or ‘bays between the barges at 15-18°N, including white spot Z (no.15, WSZ). Blue-green
crosses: dark spots at 18-22°N. These were the dusky streaks in NTropZ, with prograding or oscillating motion, and the Little Brown

Spot (no.24, LBS).

Figure 17. Three early colour images (all by Miyazaki)
showing the origin of the Little Brown Spot (LBS) in NTropZ.
A small arrow indicates barge no.10; an arrowhead indicates
the LBS.
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A. 1999 June 24d 20h 10m, CM1=210, CM2=201: before the
LBS appeared; NEB is disturbed by a large rift.

B. July 13d 20h 17m, CM1=333, CM2=179: the new LBS.

C. August 6d 20h 09m, CM1=157, CM2=180.5.
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Table 6. Longitudes and drifts: equatorial region
(North Equatorial Current)
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(Table 6; Figure 13). Asthere was a twelfth, more variable
feature between nos. 3 and 4, the mean spacing was 30°.

This stability allowed dslight oscillations in longitude to
be detected for several of the projections, mostly with peri-
ods of ~20 days, and amplitudes up to afew degrees.

North Tropical region

Mid-NEB rifts

Bright ‘rifts’ in mid-NEB were quite often observed, and had
typical North Intermediate Current drifts (Table 7B). Theleve
of rift activity wasnot unusual. Onerather northerly and dow-
moving rift attracted attention when Tom Dobbinsof theALPO
noticed it visually on Nov.12, at L2 = 233, dongside a dark
NEBnN ‘barge’; it was notably bright and compact. Images
showed that a tiny spot on this track had arisen ~2 weeks
earlier, but the very bright spot appeared on Nov.7, then after
Nov.12 it showed the usual elongation in the Sp. direction.

Features on NEBn

There were conspicuous dark bulges and bright bays along

NEBnN at many longitudes. Thisarray of features hasexisted

since 1997 with somemodification. Thedark bulgesin 1999/

2000 werein fact centred on the persistent dark barges, and

the bright spotsincluded the peculiar white spot Z. The PC-

JUPOS chart revealed that the complex and interesting pat-

tern of drifts was basically the same asin 1998,1 but even

morefinedetail was seen (Figures 15, 16). Thesedriftswill be
described in order of rotation period (see Table 7A).

(i) The fastest-moving spot on NEBn was white spot Z (NTropC
no.15 in Table 7A; DL2 = -6°/month). It had maintained a
surprisingly fast drift since 1997, and was still destroying
projections ahead of it (e.g. no.14).

(if) Major dark ‘barges': Three major barges persisted from 1997,
and still had slowly prograding drifts (Nos. 5 and/or 7, 10, and
12; DL2=-1to0 -6). Although classical dark barge shapeswere
not aways distinct within the dark bulges, in Nov. and Dec.,
some of the dark spots actually looked more classically barge-
like than before. Barges nos.10 and 12, 3 years old, had been a
close pair in 1998 but had drifted apart. No.12 (L2 = 237) was
especially dark and compact.
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(i) In contrast, the sector f. white spot Z in 1998 exhibited many
small, newly created, slowly retrograding, dark spots, and this
activity was still evident in 1999/2000 (DL2 = +2 to +5). Dark
barges nos.1 and 4a, and other shorter-lived spots nearby, may
have been the same dark spots that were newly created in 1998,
and no.19 appeared during solar conjunction.

(iv) There were dso small dark spots on NEBn which moved even
dower, lasting for 2-5 weeks each. They were seen dl around the
NEBN, though the most distinct retrograding spots arose f. the
whitebay no.20. The best-tracked werenos.2, 8,11, 17, 18, mostly
with DL2 = +11 to +20, but no.17 had DL2 = +32 for 2 weeks —
clearly under theinfluence of the NEBnN retrograding jetstream.

All these NEBnN spots had measured latitudes of 16—-18°N

(Table7A). Thisisunusual: the expected latitudesare[pp.115

& 399 of Ref.5]: 16°N for cyclonic dark barges; 17-18°N for

small spots partly entrained by the retrograding jetstream;

and 19°N for anticyclonic white ovals. Inthisapparition, the
overlap in latitudes was probably because the dark barges
were attended by dark material extending north into the

NTropZ, while the white spots were mainly visible as bays

between barges, not as complete ovals.

North Tropical Zone
In NTropZ, there were many dusky spots and streaks, espe-
cialy just Np. the NEBn barges/projections. Somewereevi-
dently trapped at theselocations, though oscillating (NTropC
nos.22, 23, 24 in Table 7A). The most prominent was the
Little Brown Spot (no.24, LBS; seebelow). Othersbrokefree
and prograded rapidly on a tenuous N. Tropical Band at
20°.5N, withDL2=-31t0-39(n0s.21, 223, 23(parts), 25, 26).
The LBS was at the canonical latitude for anticyclonic
ovals, aswerethe oscillating streaksin NTropZ (19°N). The
littlestreskswhichran faster, sometimesaong partial NTropB,
wereat 19-20°N. A similar streak withDL2=-38at 19°N was
observed in 1993 during the NEBn expansion event.20

The Little Brown Spot

This notable spot in NTropZ formed within a few daysin
July, at L2 =205, just p. adark grey projection of NEBn. The
dark grey projection, containing a small barge (NTropC
no.10), had become conspicuousat L2 =2100on July 4 and 6.
OnJuly 9 alight orange patch appeared onitsp. side, and on
July 11 and 13 thishad rounded up into aprominent yellow-
ish-brown or orange-brown ova at L2 = 205. Thiswas the
Little Brown Spot (LBS), presumably anticyclonic, and re-
mained stablefor therest of the apparition (Figures 17-19).

Its initial orange tint suggested that it might become a
true Little Red Spot, but it never did. After a few weeks it
becamemerely brown likethe NEB, and it was no more con-
spicuous than other, minor features.

Moreover, in methane images it was dark, not bright —
unlike al anticyclonic reddish ovals ever observed. It was
recorded in many of Miyazaki's methane images, in which
theLBSwith surrounding region was notable asalarge dark
area—infact, the main methanefeaturein the NTropZ (July
13t0 Sep.24) (see Part |1 of thisreport). Later this methane-
dark patch was offset slightly, extending from the centre of
the LBS to the NEBn barge f. it (Oct.14 to Dec.11). There
were other methane-dark bulgesfrom NEBninto NTropZ as
well, aligned with visible dark bulges, but the LBS feature
was aways the most conspicuous.
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Table 7A. Longitudes & drifts, 1999/2000: northern hemisphere

ket R fEL-i
Ne.  Description L&) P Lart, ey ¥ D3 ez
MTropl
Features cm MEBa:
] Bulge { amad] dark barpe 9 +2.3 #1850 June-Mar, {Inle-appearing]
] Small dark spod . "+1T4 +166  Cet-Nov, -
3 White spal or bhay &0 +d B July-Peov, [me-appeamng]
4 Small v. dark spog o barge (B0 300 (=17 July-Sep, 40 424 +30
ah i &7 -0,z +17.3 et -Ban. -
5 [lark progedtion a7 = + | 8.0 Fune-Cet, 135 -0.9 I8
-z —5.3 Mov.-Feb.

£ Large creamy-white complex oval 6 +0,3 #1688 July-MNov, (=8 =30 =24
7 Big proj. inc. small v. dark barge 128 +D5  (+17)  Jume-Feb. Mis 05 05
E Diark spat I3 *11.2 #174  Oot-Dec, -
Ba ) Small dark prog, (189 +3.2 (+17)  Jume-Aug, (lane-appeanng)
L E- [possibly up b 5 successive spoks) (L1 5.0 et -Dec. =
0 Dark poaj, ! sosall dirk barge 03 -3.5 #1835  Jume-Feb. (224 -8 -l&6
11 Small v, dask spat (239 4120 (41T Sep.-Oi. k _
[ Praj. ! v, dark barge &7 -1.1 +16.5 June-Mow, 00 08 -7
I3 Whate hay (256)  +23 Aug.Oct. _
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I6a ) Exiended dark bulge / bange { mE T8 (1T July-Now, -
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emitiing small streaks, D12 ~ -361a -15)
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NTC
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NTC
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e —

(see notes opposite)
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Figure 18. Three images showing the LBS and dark barges on
NEBnN; compare drawings in Figure 19.

A. Sep.8d 01h 07m UT, CM1=353, CM2=130 (D. Peach). The LBS
ison f. side.

B. Oct.16d 13h 54m, CM1=345.5, CM2=189 (S. Buda & B. Curcic,

Australia; 250mm Dall-Kirkham; image forwarded by T. Richards).
The LBS is on the CM. lo and its shadow are beginning a transit.

C. Nov.28d 15h 48m, CM1=9, CM2=244 (Tan Wei Leong). On the
NEBnN are two very dark barges on the p. side, and brilliant round
white spot Z on the f. side. Europa is entering occultation.

Figure 19. Three drawings showing the LBS and dark barges on NEBn;
compare images in Figure 18.

A (left). Sep. 29d 15h 00m, CM1=220, CM2=192 (Adachi). Shows
the LBS on the CM. Note the triple SEB, the waviness of the
NEBnN and the fragmentary NTropZB and NTZB. Dark NTBn
spot near the f. limb.

Similar little brown spots have been reported beforein the
NTropZ, including onethat formed during the Voyager mis-
sions [pp.118-123 of Ref.5], and another that marked the
start of the NEB expansion event in 1993.20 These appear to
be anticyclonic ovals, but dominated by belt-like brown
cloudsrather than GRS-like high red haze.

Discussion of the currents on the NEB north edge
Theremarkable motionsthat we have recorded, bothin 1998/
99 and 1999/2000, show strong parallelswith those recorded
in\Voyager imagesin 1979 [pp.118-123 of Ref.5; thisanaly-
sispreviously presented in Ref.21].

\oyager images first revealed the retrograding NEBn
jetstreamat 17°.6N (DL 2 = +45°/mth), which takesasinuous

B (centre). Oct. 12d 20h 40m, CM1=321.5, CM2=193 (Foulkes). Shows
the LBS on the CM and a very dark NEBn barge near the f. limb.

C (right). Oct.31d 21h 40m, CM1=121, CM2=207 (Frassati). Shows
three dark barges on NEBn; also severa dark jetstream spots on SEBs
with white spots between them.

course with cyclonic dark ovals (‘barges’) onits S side and
anticyclonic whiteovals(‘ portholes’ or ‘bays’) onitsN side.
The full speed of this jetstream has never been detected
from Earth, but some of the tiny retrograding spots that we
havelisted were clearly under itsinfluence.
\oyager imagery a so revealed:
—Dark patcheslikewavesontheretrograding NEBn jetstream (DL 2
=+34°/mth) werearising fromalarge‘rifted region’ in NEB.
— Some of these dark patches circulated into the NTropZ near the
p. edges of barges.
— At one such site, the circulation developed into an anticyclonic
Little Brown Spot at 20°N which persisted for months.
The phenomena we have described were obviously very
amilar.

Aratex i Fubde TA:

Columns are as follows, Mumber; Description; [2X0), System [ longitude at oppasition on 1999 Octl. 25 (for L3108, subtract 137.0
degrees): L2, Systam 1 &l @ desgreea per 30 day e (for DLA, add 8.0 deg/meanth): Penopraphic latitsde; Dates of ohservation or drift
measarement, Al drlts sere denved from & large number of Images unkess otberwise stabed, Drifts in brackess are imprecise. ['Seze L' and
"See B refer to mone detaibed Mgures given in columns to lefl or Aghl.] *Spots with ancmalous drifts sol meluded in mean in Table 78
The last 3 cofumns give data from | 99899 apparition, followed by D120}, the average dnll mle befween oppositions

#*Two white pvals in WNTE oscillated with perinds 34 momths. No.7: DL2 mage =14 to =1, observed for 2.5 cvcles

Mo imethape-brighl: DLZ range —18 1o =5, observed for 2 cycles
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In 1979, this activity was occurring f. a long-lived cy-
clonic ‘rifted region’ inthe NEB, which disturbed the NEBn
retrograding jetstream and probably thus created the barges
and other circulations downstream [pp.118-123 of Ref.5].
In 1999, there was no such rifted region, but the most well-
defined retrograding spots arose following stable white
spots which formed especially pronounced ‘bays' in the
NEBnN: nos.6, 15 (white spot Z), and 20. These bays prob-
ably deflected the NEBn retrograding jetstream, perhaps
setting up waves downstream like the rifted region in the
\oyager era.

Are these phenomena always present, or are they con-
nected to the NEB expansion event that was progressing
slowly during 1999/2000? To some extent they may be al-
ways present, asthe zonal currentsare permanent, and some
local circulations such as rifts, barges or ovals may be
present at any time. Certainly the recent advancesin CCD
imaging and PC-JUPOS analysis have alowed us to track
tiny features that would otherwise have been overlooked.
However the number and prominence of the NEBnN circula
tions certainly increases during or after a NEB expansion
event, so there is probably more largescale eddying then;
alsothe dark cloud streaksthat comprisethe expansion event
provide tracers for motions that would otherwise not be re-
vealed. Thus these motions were particularly detectable in
thisapparition, and dsoin 1993 during an earlier NEB expan-
sion event.20 During the Voyager erain 1979, there was no
expansion event, but thelong-lived rifted region of NEB may
have played a similar role as a source of energy and turbu-
lence that generated waves and circulations in the adjacent
sector of NEB [p.123 of Ref.5].

Table 7B. Average drift of currents, 1999/2000, northern hemisphere

North Temperate region to North Polar region

NTBs jetstream spots

There were still 7 small dark features on NTBs moving at
—10°/day in System Il —the North Temperate Current C. Of -
ten they appeared bluish. Amazingly, the PC-JUPOS chart
showsthat these 7 jetstream spots have all persisted through
3 apparitionsfrom 1997 to 2000 (and indeed to 2001). They
had accelerated very dightly since 1998 but their mean speed
during solar conjunction was almost identical to their mean
speedin 1999/2000. Their individua driftswerenot identical
but they appear to repel each other, never coming too close,
just likethewhite ovalsinthe SSTC.

The longevity of these 7 spots has also been recognised
by Garcia=Melendo et a.,22who traced them all back at least
t0 1995, and possibly to 1991. Datawereinsufficient to track
themintheearly 1990s, but their drift hasclearly been steadier
from 1996 onwards.

Usually, such NTBsjetstream spots are small dark spots,
presumed to have anticyclonic circulation by analogy with
similar spots seen by spacecraft on other jetstreams.> How-
ever in this apparition, their appearance was variable and
often inconspicuous. sometimes a small dark hump, some-
times a diffuse projection, but often a ‘step-down’ of the
NTBsedge. Thistransformation isexplained by Hubble Space
Telescope images:?2 the spots are indeed formed by anticy-
clonic ovals, but these have fairly low contrast, whereas a
“hump’ of NTB material piled up on the p. side of the oval
congtitutes the feature visible in ground-based images.

North Temperate Belt and Zone

There were no major features. Of the few NTC spots re-
cordedin Table 7A, nos. laand 2awere dark streaksin south-
ern NTZ touching pro-
jections from NTBn;

they were dark in July

Crrreni T af apas ) L2 : Mean | Rospe) Laar, Fasge and August, but rapidly
NIC Whie spols in NEB rifts (Aug-Dec.] 6 —100.7 (88 to -1 1B 15N became faint and red-
White aft (Dee.-Jan. ) I 38 dishin early September.
WTropT (5, i} Long-lived barpes and white spot 2 In Qctober, o_nly faint
[nes.5 00,12, 15,156) # -3.8{- -8 16-18'M shadings remained, and
(it} Cnher dark spots, barges, and bays 12 +23 (010 +) I6-18°N in November. cream-col-
{iv) Semhill dark spots on WEEnR L
[mos2 B 11,08 4 150 (+11 e 30 |6-18"'M oured bright spots ap-
{v) Fast-moving dusky spotsin MTropZ 5 =358 (=31 o =3 19-20°N peared on the same
| s 21 220, 230 pata] 25, 25| tracks. nos.1b (not
NTBajel  Small humps on NTEs T'DLI -if;&i‘;];ﬁ—ig?g | 241N listed, short-lived) and
| = - I o i :
W bfiac, apota 5 28 (e 1610 «14.4) 0.0 2b. Another bl’lght Spot,
no.4, may have per-
MNTEs et Small dark epots on MNTHs [ TR (-TH6 tn ~B0.T) 34.8°M sisted from 1998. L ati-
e L 34 H) - .
LES om NINT Bs {melbane-bright} 1 36 F i tudes indicate that all
MMNTC MMTH segmenis & MMTZ white avals g 0.3 (Do -18) 3P4 these features were cy-
M3TC  Misc. spots 5 ~1B3 {~13 to -21.5] a3-a5'N clonic.
HATC White spols 8 +4.7 {0 1 <%} 49-53" M NNTBs jetstream

Weiras o Tiahle FH:

Thas lable gives the mean speed and mnge of each current, some of which are not temased |sdividunlly ahowve.

M. mamber of spots mclisded {some wail misdluple dnfts),

§ MATC white spots: Two of these were indlially 2 528 (206 deg.M, bail then shifbed 1o 514 and 50059 deg. N
Chers were at 504 and 29.4 deg.N: avemge 507 deg M. This commesponds ba the cyclonic ™4TE' damain,

which |5 unespected, as white spots are more commosly seen al 32-55 deg M in the anticyclanic 'N¥TEZ
chvmarn. (Al thisse spols hid very fismbar dadl races throkgho, )

30

spots

There was a volley of
severa small dark spots
ontheNNTBsjetstream.
These spots were
tracked from October for
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2-3 months, with some variation in speed (summarised in
Table 7B). The outbreak apparently started earlier as spots
close to these tracks were also imaged in July and/or Au-
gust. From July to January, this set of spots (albeit varying)
did acomplete circuit round the planet.

Methane-bright spots

Miyazaki’s methane images (see Part |1 of this report) re-
vealed only two bright spots in the north. One was rapidly
prograding on NNTBs at DL2 = -36°/mth (NNTC no.1in
Table 7A). In colour images it was a tiny Little Red Spot
(LRS) onthe NNTBsedge, likethe onerecordedin 1997 and
1998, and it was probably the same spot. When first recorded
on 1999 Aug.22 it was a tiny orange lozenge with bright
centre. In October it became confused by a very dark grey
NNTBs jetstream spot overtaking it; thisobscured it in vis-
ibleand methanelight on Oct.10, but the LRS wasreappear-
ingon Oct.15 (Figurel).

The other methane-bright spot was in NNTZ at 41°N
(NNTCno.8inTable7A), and appeared in colour images as
asmall, light or creamy-white spotin dusky NNTZ. Itispos-
sible that this was the same methane-bright spot tracked
from 1996 (when it was an LRS) to 1998; but if so its drift
during solar conjunction would have been very slow, al-
though not unprecedented. In 1999/2000 its drift oscillated
between —18 and —5°/month.

There had been two methane-bright ovalsin this anticy-
clonic latitude in 1997 and 1998, and the second one did
persist in 1999/2000 as awhite oval (NNTC no.7), but it no
longer appeared methane-bright.

Both of these ovals showed regular oscillations in drift
with a period of 3—4 months (see Table 7A footnote). The
speed changes were sometimes quite abrupt. These ovals
had shown similar fluctuations in previous years. Driftsin
NNTZ have previously shown arange from typical NNTC
(mean DL2 = 0) to typical N3TC (mean DL2 = —15);5 these
two methane-bright ovals have oscillated regul arly between
these two speed ranges.

Other features in far northern currents

Inthe NNTC, the main features were dark sectorsof NNTB
(Table 7A), with variable driftsin the range from NNTC to
N3TC. These sectors were ~25-50° long, and were quite
conspicuous but lasted only afew months, asistypical.

In the N3TC, there were several bright and dark spots
(including shorter-lived oneswith similar driftsto thoselisted
in Table 7A). The white spots had more stable tracks than
the dark spots.

Inthe N4TC, therewasamore regular and stable array of
white spots: eight of them were each tracked for 3—7 months,
with only small fluctuationsin drifts(Table 7B).

Address (JHR): 10 The Woodlands, Linton, Cambs. CB1 6UF.
[jhril@cam.ac.uk]
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